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    Laura dedicates this book to her husband, Steven, and her 
daughters, Erin and Jillian. Jerrilynn dedicates this book 
to the thousands of patients with kidney disease who will 
benefi t from the information embedded in these pages. 
The goal is to improve the health and well-being of patients 
with kidney disease through optimal nutritional practices. 
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  Nutrition in Kidney Disease  is a book that truly fi lls a gap as both a desk reference and guide to practice. 
Dietitians, nurses, and physicians who wish to practice state-of-the-art clinical nutrition therapy for 
renal patients will benefi t from it. Two dietitians with special expertise in renal nutrition and one of 
the best and brightest nephrologists of this generation have edited the book. All three are active prac-
titioners and researchers and are deeply knowledgeable about both the science and practice of treating 
renal disease. They have assembled a superb set of authors, each authority one for specifi c chapters 
that best show off the writer’s expertise. 

 The book has fi ve parts. It begins with six chapters that introduce kidney disease as a worldwide 
problem, review the relevant renal physiology and tools for assessing nutritional status. The authors 
of the chapters are all experts in their own right on the topics they are covering. Each chapter includes 
an abstract that provides a succinct survey followed by learning objectives, which are thoroughly 
covered in the ensuing text, accompanied by liberal use of charts, tables, and fi gures. It concludes with 
practical suggestions for managing patients. 

 The second part of the book focuses on chronic kidney disease in adults. Here dietary approaches 
to managing hypertension, diabetes mellitus, and obesity are considered. 

 Part III considers the problems of patients receiving renal replacement therapies such as dialysis 
and transplantation and also the treatment of acute renal injury. Management of protein energy mal-
nutrition and wasting, bone and mineral metabolism and disease, and physical activity and exercise 
are discussed at length. 

 Part IV deals with kidney disease among those with special physiological needs due to pregnancy, 
infancy, childhood and adolescence, and advanced age. Special morbidity-related risks such as 
nephrotic syndrome and nephrolithiasis are also considered. 

 Part V is a potpourri of additional considerations on nutrition and kidney disease. The chapters 
include the use of dietary supplements, micronutrient needs in chronic kidney disease, and more cul-
tural issues such as what is needed in public policy. In addition, it covers cultural issues that may slow 
dietary adherence and counseling approaches to improve it. A plea is made for more outcomes 
research. The book concludes with a full chapter on resources for renal experts to consult. 

 All in all, this is a book full of up-to-date science with progressive and sympathetic approaches to 
treating renal patients. It is a long overdue and very much welcome addition to my bookshelf, and I 
suspect it will also be to yours.  

    Boston ,  MA         Johanna     Dwyer       

   Foreword   
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 The fi eld of kidney disease has evolved over the years to encompass a broad and sophisticated knowledge 
base. There has been a proliferation of scientifi c information and technical advances in the fi eld. 
The clinician involved in the care of patients with kidney disease must have a vast knowledge of nutrition 
management of the disease. The purpose of this book is to provide a comprehensive reference on the 
practice of Nutrition in Kidney Disease. It is our belief that this book will become a useful reference 
and tool for practicing clinicians in the fi elds of nutrition and nephrology, as well as other disciplines 
whose research, practice, and education includes nutrition and kidney disease. This book will also be 
a current resource for undergraduate and graduate level nutrition and allied health profession students, 
medical students and residents, nutrition and allied health clinicians, including general practitioners, 
nephrologists, educators, and researchers. 

    Organization and Content 

  Nutrition in Kidney Disease  is organized into fi ve sections with a variable number of chapters based on 
breadth and depth of information. Part I addresses kidney function in health and disease and it defi nes 
and forecasts healthcare trends and outcomes in kidney disease. A comprehensive review of the compo-
nents of the nutrition assessment is also provided. In Parts II and III, in-depth information on the preven-
tion of common disorders associated with chronic kidney disease, current treatment options based on the 
latest scientifi c evidence, and management of comorbidities such as protein–energy malnutrition/wast-
ing, obesity, and bone disease are covered. Part IV presents the nutrition concerns of special needs popu-
lations such as through the life cycle—pregnancy, infancy, childhood, adolescence, and the elderly, and 
nutrition management of disorders such as acute kidney injury, nephrotic syndrome, and nephrolithiasis. 
Part V addresses additional nutritional concerns in kidney disease such as complementary and alterna-
tive medicine, cultural issues affecting dietary adherence, and outcomes research. 

 In an attempt to make this textbook as practical as possible, a wide variety of tables, resources, 
practical tools, clinical practice guidelines, and Internet websites are compiled into one chapter.  

    Features 

 The chapters in this textbook have been designed with special features to enhance learning. Each 
chapter begins with keywords and ends with a summary. Up-to-date references for more in-depth 
review are included at the end of each chapter. This list provides the clinician and student with an 

   Preface   
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extensive source of reading for continued study. In addition, several chapters end with a case study, 
which can be used to assess knowledge of the content area within the context of the didactic curricula. 
They provide thought-provoking, illustrative questions that will add to the student’s learning and 
clinical application of the material. The answers to the case studies are provided at the end of the 
book. The problems posed in these chapters enable the clinician and the student to apply the chapter 
material to “real-life” nutrition-related problems. 

 The chapters have been written by a collaborative group of distinguished dietitians and physicians 
in the specialized fi eld of kidney disease and clinical nutrition, and who have devoted their careers to 
the care of patients with kidney disease. This collaborative effort is a testament to the interdisciplinary 
approach that is used to provide care to this unique patient population. It is our belief that this book 
will be used to guide and enhance the care of the patients we serve.   

       Stratford ,  NJ         Laura   D.   Byham-Gray    
   Brookville ,  NY         Jerrilynn     D.     Burrowes    
   Stanford ,  CA          Glenn     M.     Chertow       

Preface
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 The great success of the Nutrition and Health Series is the result of the consistent overriding mission 
of providing health professionals with texts that are essential because each includes (1) a synthesis of 
the state of the science, (2) timely, in-depth reviews by the leading researchers and clinicians in their 
respective fi elds, (3) extensive, up-to-date fully annotated reference lists, (4) a detailed index, (5) 
relevant tables and fi gures, (6) identifi cation of paradigm shifts and the consequences, (7) virtually no 
overlap of information between chapters, but targeted, inter-chapter referrals, (8) suggestions of areas 
for future research, and (9) balanced, data-driven answers to patients as well as health professionals’ 
questions which are based upon the totality of evidence rather than the fi ndings of any single study. 

 The series volumes are not the outcome of a symposium. Rather, each editor has the potential to 
examine a chosen area with a broad perspective, both in subject matter as well as in the choice of 
chapter authors. The international perspective, especially with regard to public health initiatives, is 
emphasized where appropriate. The editors, whose trainings are both research and practice- oriented, 
have the opportunity to develop a primary objective for their book; defi ne the scope and focus, and 
then invite the leading authorities from around the world to be part of their initiative. The authors are 
encouraged to provide an overview of the fi eld, discuss their own research, and relate the research 
fi ndings to potential human health consequences. Because each book is developed de novo, the chap-
ters are coordinated so that the resulting volume imparts greater knowledge than the sum of the infor-
mation contained in the individual chapters. 

 “Nutrition in Kidney Disease, Second Edition” edited by Laura D. Byham- Gray, Jerrilynn 
D. Burrowes, and Glenn M. Chertow is a very welcome addition to the Nutrition and Health Series 
and fully exemplifi es the Series’ goals. The fi rst volume was published in 2008 and was given excel-
lent reviews by health professionals in both the nephrology and clinical nutrition health professional 
communities. Over the past 5 years, there have been major changes in the treatment of individuals 
with kidney disease and especially those with chronic kidney disease who require dialysis and/or 
transplantation. Likewise, research on the nutritional requirements of kidney disease patients has 
expanded and refl ects the changes in demographics, technical advances, and further emphasis on the 
interactions among a number of disease states that increase the risk of kidney disease. This Second 
Edition volume is therefore especially timely as over 10% of the global adult population currently 
suffers from kidney disease and the number is increasing as the major comorbidities, obesity and 
diabetes, continue to increase around the world. As indicated in the Foreword to this volume, written 
by Dr. Johanna Dwyer, Director of the Frances Stern Nutrition Center, Tufts Medical Center and 
Professor of Medicine, Tufts University School of Medicine: “All in all, this is a book full of up-to-
date science with progressive and sympathetic approaches to treating renal patients. It is a long over-
due and very much welcome addition to my bookshelf, and I suspect it will also be to yours.” 

 The three editors of this volume, Laura D. Byham-Gray, Jerrilynn D. Burrowes, and Glen M.  
Chertow, are internationally recognized leaders in the fi elds of clinical nutrition and renal disease 
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research, treatment, and management. Each has extensive experience in academic medicine and col-
lectively, they have over 500 peer-reviewed publications and numerous awards for their efforts to 
improve the care of those with kidney disease. The editors are excellent communicators and they have 
worked tirelessly to develop a book that is destined to continue as the benchmark in the fi eld of nutri-
tion and kidney disease. Over the past 5 years, the editors have grown in their prominence in their 
fi elds and it is of benefi t to the reader that these are the same editors who developed the fi rst edition 
as they have remained committed to providing readers with the most up-to-date practice-oriented 
chapters as in their fi rst edition. 

 Laura D. Byham-Gray, Ph.D., R.D. is an Associate Professor in the Department of Nutritional 
Sciences, School of Health Related Professions at Rutgers University in Newark, New Jersey. Dr. 
Byham-Gray practiced in the fi eld of clinical nutrition, with specialty practice in nutrition support, 
kidney disease, and home care for over 20 years. She has held numerous elected and appointed posi-
tions at the national, state, and local levels of the National Kidney Foundation (NKF), the American 
Society of Parenteral and Enteral Nutrition (ASPEN), and the American Dietetic Association (ADA). 
Dr. Byham-Gray has been appointed to the  Clinical Standards Committee  for ASPEN because of her 
expertise in kidney disease, outcomes research, and evidence-based practice guideline development. 
She also serves as the Associate Editor for the  Journal of Renal Nutrition . Presently, Dr. Byham- Gray 
is a consultant for the Academy of Nutrition and Dietetics (AND) as an evidence analyst for the 
 Evidence Analysis Library  recently launched by the Association. She has authored the self-study 
publication entitled  Medical Nutrition Therapy in Renal Disease ,  Second Edition  with Wolf Rinke 
Associates, and she has co-edited the AND publication,  A Clinical Guide to Nutrition Care for Kidney 
Disease . Dr. Byham-Gray has received numerous awards, including the  Outstanding Service Award  
by the AND-Renal Dietitians dietetic practice group and the Joel D. Kopple Award of the Council on 
Renal Nutrition of the National Kidney Foundation. 

 Jerrilynn D. Burrowes, Ph.D., R.D. is Professor of Nutrition in the School of Health Professions 
and Nursing at Long Island University (LIU) Post in Brookville, NY. Dr. Burrowes was the research 
coordinator for the NIH-funded Hemodialysis (HEMO) Study and she practiced as a renal dietitian 
for over a decade. Dr. Burrowes is currently the Editor-in-Chief of the  Journal of Renal Nutrition  and 
a Contributing Editor for the Clinical Column in  Nutrition Today . Dr. Burrowes has held several lead-
ership positions in the National Kidney Foundation (NKF) Council on Renal Nutrition (CRN). She 
was a member of the NKF Kidney Disease Outcomes Quality Initiative (NKF-KDOQI) Nutrition 
Work Group and a member of the NKF-KDOQI Advisory Board. Dr. Burrowes was recently appointed 
to the Research Committee of the Academy of Nutrition and Dietetics (AND). She has been the 
recipient of the Recognized Renal Dietitian Award and the Joel D. Kopple Award from the NKF-CRN 
and the  Outstanding Service Award  from the AND Renal Dietitians Practice Group. 

 Glenn M. Chertow, M.D., M.P.H. is the Norman Coplon/Satellite Healthcare Professor of Medicine 
and Chief, Division of Nephrology at Stanford University School of Medicine. Dr. Chertow has 
authored over 300 peer-reviewed articles on Stage 5 chronic kidney disease, acute kidney injury 
(AKI), mineral metabolism, nutrition, and costs and outcomes of dialysis therapy. Dr. Chertow cur-
rently leads or participates in several clinical trials and cohort studies sponsored by the National 
Institutes of Health-National Institute of Diabetes and Digestive and Kidney Diseases. He is Co-Editor 
of Brenner & Rector’s  The Kidney , ninth and tenth editions, Dr. Chertow was vice-chair of the NKF-
KDOQI Nutrition Work Group in 1998–2000, and also a member of the KDOQI Bone and Mineral 
Metabolism Work Group from 2000 to 2002. Dr. Chertow has been elected to the American Society 
of Clinical Investigation and has been a recipient of the President’s Award from the National Kidney 
Foundation and the National Torchbearer Award (2007) and Nephrologist of the Year Award (2011) 
from the American Kidney Fund. 

 This updated text, containing 28 practice-oriented chapters, continues to include many unique 
features, such as highly relevant case studies that help to illustrate the complexity of treating the 
patient with kidney disease and/or reduced kidney function. The volume is also relevant for 
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non-practicing healthcare providers as there are in-depth discussions of the basic functioning of the 
kidney; demographics of the different kidney diseases, and disease conditions that affect the kidney. 
There are also clear, concise recommendations about dietary intakes and use of drugs and supple-
ments across the stages of kidney disease. Thus, this volume provides the broad knowledge base 
concerning kidney anatomy, physiology, and pathology required by the practicing health profession-
als and will also be appreciated by health professionals, students, and faculty who have an interest in 
the latest, up-to-date information on the consequences of loss of kidney function, treatment of kidney 
disease, and disease-related morbidity and mortality. 

 This volume serves a dual purpose of providing in-depth focus on the nutritional aspects of treating 
individuals throughout the lifespan who have lost some or all of their kidney function as well as exam-
ining the current clinical modalities used in treating kidney disease and the consequences of the treat-
ments on nutritional status. The book is organized as a stand-alone resource text that provides the 
historic beginnings of nutritional interventions in patients and refl ects upon the necessity of these 
historic practices even today in developing countries where dialysis and/or kidney transplants, expen-
sive drugs, and other disease management tools are not readily available and medical nutritional sup-
port remains the primary care available to patients with kidney disease. The volume includes extensive, 
in-depth chapters covering the most important aspects of the complex interactions between kidney 
functions, diet, obesity, cardiovascular disease, autoimmune disease, and diabetes as examples, and 
the impact of loss of kidney function on other disease states. Additionally, the nutritional conse-
quences of loss of kidney function in infancy, children, pregnant women, and the aged are examined 
in depth in separate chapters that also include potential solutions to the nutritional defi cits specifi c for 
patients with impaired kidney function. 

 “Nutrition in Kidney Disease, Second Edition” is organized into fi ve relevant sections. The six 
introductory chapters in the fi rst part, entitled “Foundations for Clinical Practice and Overview” pro-
vide readers with the basics so that the more clinically related chapters can be easily understood. The 
fi rst chapter describes the functions of the kidney and the consequences of decreased kidney function 
including AKI, chronic kidney disease, nephrotic and nephritic syndromes, tubulointerstitial diseases, 
vascular diseases of the kidney and diabetic nephropathy. There is a detailed review of the functions 
of the kidney. Kidneys control the composition and volume of the body fl uids and maintain acid-base 
balance as well as blood pressure. The kidneys remove various nitrogenous metabolic end products 
and control the contents of the urine. We learn that the kidneys are critical endocrine organs that syn-
thesize hormones including renin, erythropoietin, and the active form of vitamin D. The next chapter 
examines the global care available for patients with kidney disease and indicates that currently there 
is a wide range in availability of care throughout the world: as an example, there are no nephrologists 
in 27 African nations. In the USA and Europe, approximately 10% of the adult population has been 
diagnosed with kidney disease and usually the patients did not know they had kidney disease prior to 
diagnosis. The chapter details the statistics, in relevant tables and fi gures, of the global prevalence of 
kidney disease and the use of dialysis. 

 The next four chapters (Chaps.   3    –  6    ) provide descriptions of the assessment methodologies avail-
able to determine the nutritional status of the patient with kidney disease. The next chapter, containing 
120 up-to-date references, describes the process of dietary assessment in healthy individuals and the 
many tools available for collecting individual and/or population data on intakes. However, as described 
in detail, the recommended dietary intake of people with kidney disease differs for some nutrients 
from that of healthy individuals. Guidelines for dietary intake of key nutrients, such as protein for 
patients with kidney disease, are based on the level of kidney function and the types of treatments. 
Certain assessment methodologies are recommended for use in patients with kidney diseases. Chapter 
  4     describes the methods of anthropometry methodologies and the standards used to determine the 
potential effects of kidney disease on the body’s composition. Nutritional status infl uences kidney 
disease progress and its potential comorbidities. Kidney failure and its management can affect diet 
and nutritional status especially of electrolytes. Thus, the routine monitoring of nutritional status and 
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body composition is a key component of the management of CKD and the chapter details the mea-
surements that can provide guidance in determining the nutritional needs of the patient. The next 
chapter identifi es and tabulates the biochemical parameters that are critical for the evaluation of 
patient with kidney disease and reviews the importance of each of these measurements. The chapter 
includes the recommended frequency of measurement suggested in the Kidney Disease Outcome 
Quality Initiative (KDOQI) nutrition guidelines and International Society of Renal Nutrition and 
Metabolism consensus conference for routine, confi rmatory, and screening testing. The fi nal chapter 
in Part I reviews the role of the renal nutrition specialist in performing nutrition- focused physical 
assessments as suggested by federal, KDOQI, Joint Commission, and the Academy of Nutrition and 
Dietetics. The detailed and well-referenced chapter includes the Nutrition Physical Exam as the stan-
dard used in chronic kidney disease patients for comprehensive physical examination of both micro- 
and macronutrient status. A unique feature of this chapter is the inclusion of comprehensive nutrient 
overviews of niacin, vitamin B6, and zinc that summarize nutrient disposition, dietary sources, drug/
nutrient interactions, laboratory evaluation, medical comorbidity data, and nutrient- based lesions/
functional defi cits that are frequently seen in this patient population. Detailed fi gures illustrating these 
nutrient defi ciencies are included. 

 Part II, containing four chapters, describes risk factors and consequences of CKD in adults. The 
fi rst chapter examines the adverse effects of chronic hypertension on kidney function. There are also 
important descriptions of dietary components as well as diet strategies that have been shown to reduce 
hypertension in populations that are not affected by CKD; potential alterations targeted to these diets 
that are of value to the patient with CKD are reviewed. Diabetes mellitus can also affect kidney func-
tion. In fact, as indicated in the next chapter, diabetes mellitus is the leading cause of kidney failure in 
the USA. The chapter reviews the effects of diabetic nephropathy and identifi es nutrition recommen-
dations for patients with concurrent comorbidities including diabetes, CKD, hypertension, and/or 
cardiovascular disease. This detailed, comprehensive chapter, containing over 200 references and 
relevant case studies clearly sensitizes the reader to the complexities of treating the unique nutritional 
needs of the patient with diabetes mellitus, whether on insulin or other drugs who is being treated for 
CKD. Patients with CKD often have hyperlipidemia, described in the next chapter. Included are 
descriptions of nutritional and pharmacological interventions to help control abnormal lipid levels in 
the Stage 1 through Stage 5 CKD patient. The last chapter in this section reviews the implications and 
management of obesity in the CKD patient. The chapter provides the reader with an overview of the 
epidemiology, basic science, and clinical aspects of obesity as these relate to patients with kidney 
disease including those on dialysis as well as patients undergoing transplantation. The chapter includes 
over 200 references, case studies, and helpful tables and fi gures. 

 Part III examines the nutritional consequences in adult patients who are being treated with renal 
replacement therapies. Dialysis is described in the fi rst chapter and includes relevant case studies and 
a full description of the medical nutrition therapy used to treat patients with end-stage renal disease. 
The chapter reviews the different types of renal replacement therapies including hemodialysis, perito-
neal dialysis, nocturnal home hemodialysis, short daily hemodialysis and describes the corresponding 
dietary recommendations for calories, protein, sodium, fl uid, potassium, calcium, phosphorus, lipids, 
vitamins, and trace minerals. The next chapter emphasizes the importance of nutrition counseling for 
kidney transplant recipients. Three phases of nutrition consultations are described including pre-
transplantation, acute, posttransplantation, and long-term nutrition counseling. Transplantation-
related immunosuppression, effects on bone mineral density, electrolyte handling by the allograft, 
obesity-related factors such as glucose intolerance and new onset diabetes are reviewed and case 
studies are included. Protein-energy wasting or uremic malnutrition is described in the next chapter 
that includes practice-based guidelines for identifying the patient with this serious condition. 
Assessment strategies of the status of chronic infl ammation and other relevant indices as well as cur-
rent recommendations for improving appetite and caloric intake are reviewed. 
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 AKI can be a temporary condition or may result in permanent damage to the kidneys. Critically ill 
patients may develop AKI due to comorbid factors including severe illness, surgical stress, injury such 
as trauma and burns, or the result of multiple organ damage. As a result, the AKI is often related to 
existing conditions that may already require specialized nutrition support. AKI may also result in the 
need for specialized medical nutrition therapy. Enteral nutrition may be required to meet the nutritional 
requirements of the patient with AKI. There may also be patients who cannot absorb nutrients through 
their gastrointestinal tract and parenteral nutrition is required. This informative chapter reviews all of 
the potential nutritional needs of the patient with AKI. The chapter also describes the intensive care 
staging of kidney injury and consequences including both pathological and nutritional effects. 

 Chronic kidney disease has signifi cant effects on bone and mineral metabolism that are described 
in the next chapter. Over the last decade, there has been extensive clinical research into the role of 
electrolyte imbalance and other physiological losses seen in CKD. The chapter defi nes the terms 
Chronic Kidney Disease Mineral and Bone Disorder (CKD-MBD) and Renal Osteodystrophy (RO) 
and includes discussions of the calcium-sensing receptor, the phosphaturic hormone, fi broblastic 
growth factor 23, the vitamin D receptor, and the regulation of 1, 25-dihydroxy-vitamin D production 
and metabolism. Evidence-based clinical practice guidelines to help prevent, ameliorate, and/or treat 
bone and mineral abnormalities in CKD are outlined for the reader. Manifestations of serious abnor-
mal bone and mineral metabolism are tabulated and specifi c nutritional guidelines are included. 
Related to this chapter is the fi nal chapter in this section that examines the role of physical activity and 
exercise in the determination of the nutritional requirements in the patient with advanced CKD. The 
author provides case studies and reviews the clinical studies that associate low levels of physical activ-
ity in the dialysis patient with poor outcomes associated with muscle atrophy, decreased lung func-
tion, and frailty. 

 Part IV contains fi ve chapters that examine the importance of nutrition in the CKD patient with 
special needs. The fi rst chapter reviews the intensive interdisciplinary efforts required to treat women 
with CKD who become pregnant. As outlined by the chapter’s author, women who become pregnant 
during early stages of the disease, while undergoing maintenance dialysis or after kidney transplanta-
tion are all considered to be at high risk for complications. Care of the pregnant dialysis patient pres-
ents a challenge to the renal healthcare team, and requires a multidisciplinary team approach including 
coordination with a high-risk obstetrics team. More intensive dialysis therapy, modifi cations in oral 
and intravenous medications, and emphasis on increased intake of protein, calories, and specifi c vita-
mins and minerals are discussed in detail and case studies are included. The next chapter reviews the 
major causes, treatments, and unique nutritional needs of infants, children, and adolescents with 
CKD. The most common causes of CKD in children are congenital, hereditary, acquired, or metabolic 
disorders. Congenital causes include abnormally developed kidneys and obstructive uropathy. The 
second most common cause is acquired conditions. A major focus of nutritional care is the provision 
of suffi cient protein, calories, and electrolytes and other essential nutrients to help assure the child’s 
growth during dialysis and/or transplantation. The chapter includes ten informative tables, detailed 
discussions of physical and biochemical assessment methodologies as well as tube feeding options. 
The effects of aging on the major body systems, including the kidney, are reviewed in the next chapter. 
Seniors over the age of 65 have reduced kidney function compared to young adults and also have 
decreases in related functions including thirst signals. In the senior population, CKD typically occurs 
in individuals with chronic conditions such as diabetes mellitus (as discussed in detail in Chap.   8    ). 
More than 20 % of seniors in the USA have three comorbid conditions that impact kidney function: 
CKD, diabetes, and congestive heart failure or other aspects of cardiovascular disease. The manage-
ment of the senior patient with CKD and potential consequences of comorbidities including bone 
effects, body weight, and muscle loss are described and case studies are included. 

 The last two chapters in this section discuss damages specifi c to the kidney. Nephrotic syndrome, 
the topic of the next chapter, results from excessive urinary losses of albumin and other plasma pro-
teins and is characterized by edema, hyperlipidemia, and hypoalbuminemia. The causes, diagnosis, 
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complications, and treatments including nutritional and pharmacological are reviewed in detail. The 
chapter on nephrolithiasis also describes the diagnosis, risk factors, complications, and nutritional 
recommendations for the treatment of patients that develop kidney stones. There are 11 helpful tables 
that provide details for patient assessment and treatment. 

 Additional nutritional considerations are included in the fi nal seven chapters of this comprehensive 
volume. There is an historical perspective that reviews the evolution of public policies and renal nutri-
tion practice guidelines development. It was not until 1972 that Medicare eligibility was extended to 
individuals under 65 with long-term disabilities and to individuals with end-stage renal disease 
(ESRD). In 2002 renal patients who were not receiving dialysis were provided Medicare coverage for 
medical nutrition counselling with a physician referral. Another chapter examines the role of comple-
mentary and alternative medicine’s use by patients with CKD and concentrates on nonessential nutri-
ent containing dietary supplements. Traditional Chinese medicines are reviewed and a list of relevant 
websites is provided for the reader. The next chapter reviews the essential vitamin and mineral supple-
ments that may be of value to CKD patients. There is a review of the function, recommended intake, 
and potential effects of CKD on the nutritional status for each specifi c nutrient. Gaps in the knowl-
edge-base and areas for future research are identifi ed. 

 Medical nutrition treatment for the patient with kidney disease requires adherence to complex 
dietary instructions that change with the level of severity of the kidney disease. A number of factors 
can infl uence a patient’s ability to follow the recommended dietary instructions. The next chapter 
reviews the major factors that can improve adherence as well as inhibitors of dietary adherence. The 
following chapter provides practical approaches to implement behavioral changes that can improve 
the level of patient adherence. Assessment of the stage of change of each patient, in accordance with 
the Transtheoretical Model, is recommended. Cognitive behavioral therapy and motivational inter-
viewing in patients who have dietary restrictions are also discussed. Of great importance to the care 
of CKD patients is the data from well-controlled outcomes research studies. The standards for con-
ducting clinical, patient-oriented, and economic outcome studies in CKD patient populations are 
reviewed. Practice guidelines for different stages of CKD are also described. The fi nal chapter con-
tains numerous suggested resources, references, and ten valuable tables for the practicing health pro-
vider who is treating the patient with KD. The topics covered include information on CKD, nutrition, 
diabetes mellitus, bone mineral disorders, and other related areas. 

 The above descriptions of the volume’s 28 chapters attest to the depth of information provided by 
the 39 well-recognized and respected chapter authors. Each chapter includes complete defi nitions of 
terms with the abbreviations fully defi ned for the reader and consistent use of terms between chapters. 
Key features of this comprehensive volume include the numerous case studies provided in the relevant 
chapters. The volume includes over 125 detailed tables and informative fi gures, an extensive, detailed 
index and more than 1,900 up-to-date references that provide the reader with excellent sources of 
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   Foundations for Clinical Practice 

and Overview        
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          Key Points 

•     Describe the gross and microscopic structure of the kidney.  
•   Discuss the various functions of the normal kidney.  
•   Defi ne and discuss the various renal syndromes, such as acute kidney injury, chronic kidney 

disease, nephrotic and nephritic syndromes, tubulointerstitial diseases, vascular diseases of the 
kidney, and diabetic nephropathy.     

    Chapter 1   
 Kidney Function in Health and Disease 

           Alluru     S.     Reddi       and     Kishore     Kuppasani    

        A.  S.   Reddi ,  M.D., Ph.D.      (*) 
  Division of Nephrology and Hypertension, Department of Medicine ,  Rutgers University (formerly University 
of Medicine and Dentistry of New Jersey)—New Jersey Medical School ,   Newark ,  NJ ,  USA   
 e-mail: Reddias@njms.rutgers.edu   

    K.   Kuppasani ,  M.S., P.A.-C.    
  Division of Academic Medicine, Geriatrics & Community Programs, Department of Medicine ,  Rutgers University 
(formerly University of Medicine and Dentistry of New Jersey)—New Jersey Medical School ,   Newark ,  NJ ,  USA    

 Keywords     Nephron   •   Glomerulus   •   Renal function   •   Chronic kidney disease   •   Nephrotic syndrome   
•   Nephritic syndrome   •   Diabetic nephropathy 

    Introduction 

 The kidneys perform three major functions. As regulatory organs, the kidneys precisely control the 
composition and volume of the body fl uids and maintain acid–base balance as well as blood pressure 
by varying the excretion of water and solutes. As excretory organs, the kidneys remove various 
nitrogenous metabolic end products in the urine. In general, the kidneys fi lter plasma in the glomeru-
lus to form a protein-free ultrafi ltrate. This ultrafi ltrate passes through the various tubular segments 
where reabsorption of essential constituents and secretion of unwanted products occur. As endocrine 
organs, the kidneys produce important hormones, such as renin, erythropoietin, and active vitamin 
D 3  (calcitriol). In addition, the kidneys participate in the degradation of various endogenous and 
exogenous compounds. To understand these functions, it is essential to examine the gross and micro-
scopic structure of the kidneys. 

  Anatomy of the kidney : The kidneys are paired, bean-shaped structures located retroperitoneally in the 
lumbar region, one on either side of the vertebral column [ 1 – 3 ]. The lateral edge of the kidney is 
convex, while the medial aspect is concave with a notch called the hilum. The hilum receives the 
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blood and lymphatic vessels, the nerves, and the ureter. The hilum contains a cavity, the renal sinus, 
where the ureter expands to form the renal pelvis. The normal adult kidney is about 10–12 cm long, 
5–7 cm wide, and 2–3 cm thick, and it weighs 125–170 g. 

 Each kidney is composed of the parenchyma and the collecting system. The parenchyma consists 
of an outer cortex and an inner medulla. The medulla is divided into an outer (toward the cortex) and 
an inner medulla (toward the pelvis). The collecting system includes the calyces, renal pelvis, and 
ureters. The major calyces unite to form the renal pelvis. The renal pelvis drains into the ureter, which 
connects the kidney to the bladder. 

 The basic structural and functional unit of the kidney is the nephron. There are about 600,000 
(range 300,000–1,400,000) nephrons in each kidney. Each nephron contains specialized cells that 
fi lter the plasma, then selectively remove, reabsorb, and secrete a variety of substances into the urine. 
The nephron consists of a renal corpuscle, the proximal tubule, the loop of Henle, and the distal 
tubule. The collecting duct is not part of the nephron because it is embryologically derived from the 
ureteric bud, whereas the nephron is derived from the metanephric blastema. However, the collecting 
duct is commonly included in the nephron because of its related function. 

  Renal corpuscle : The renal corpuscle consists of the glomerulus and Bowman’s capsule. Generally 
the term “glomerulus” is widely used for the entire corpuscle. The glomerulus is composed of a 
capillary network lined by an inner thin layer of endothelial cells, a central region of mesangial 
cells surrounded by collagen-like mesangial matrix, and an outer layer of visceral epithelial cells. 
The endothelial and epithelial cells are separated by the glomerular basement membrane (GBM). 

 The GBM is a dense fi brillar structure, which is the only anatomical barrier between blood and 
urine. Biochemical studies of the GBM showed that it contains predominantly type IV collagen, pro-
teoglycans, and laminin. Collagen provides the structural framework, whereas proteoglycans, such as 
heparan sulfate, confer a negative charge to the GBM. Because of this negative charge, fi ltration of 
albumin is curtailed. The Bowman’s capsule, which is a double-walled cup surrounding the glomeru-
lus, consists of an outer layer of parietal epithelial cells. Between the visceral epithelial and parietal 
epithelial cells is a space called Bowman’s space. The glomeruli are located exclusively in the cortex, 
which undergo pathologic changes in several disease conditions. 

 The endothelial cells line the glomerular capillaries and separated by large (70 nm) fenestrations. 
These fenestrations limit fi ltration of only cellular elements such as erythrocytes but not water or 
proteins. The epithelial cells, also called podocytes, represent the visceral layer of the Bowman’s 
capsule. The podocytes have foot processes that cover the GBM. These foot processes are separated 
by a thin diaphragmatic structure called the slit diaphragm or slit pore. 

 The renal corpuscle is responsible for the ultrafi ltration of the blood, which is the fi rst step in urine 
formation. In this process, medium- and small-sized molecules are allowed to pass through into the 
Bowman’s space, while large-sized molecules, such as proteins, are left behind. To enter the Bowman’s 
space, the ultrafi ltrate must pass through the fenestrae of the endothelial cells, the layers of the base-
ment membrane, and the slit diaphragms of the foot processes. 

  Proximal tubule : The Bowman’s capsule continues as the proximal tubule, which is lined by cuboidal 
or columnar cells with a brush border on their luminal surface. The brush border consists of millions 
of microvilli, which markedly increase the surface area available for the absorption of solutes and 
water through cells (transcellular transport) or between cells (paracellular transport) or both. The 
proximal tubule reabsorbs about 60 % of the ultrafi ltrate. Several electrolytes (Na + , K + , Cl − , HCO 3  − , 
Ca 2+ , HPO 4  3− ), amino acids, glucose, and water are reabsorbed in the proximal tubule. Also, secretion 
of organic acids and bases occurs in the proximal tubule. The proximal tubule is susceptible to insults 
such as renal ischemia and nephrotoxins, resulting in altered kidney function. 

  Thin limb of Henle ’ s loop : The proximal tubule continues into the medulla as the thin descending 
limb of Henle’s loop. The loop then bends back and becomes the thin ascending limb of Henle’s loop. 
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The thin descending limb is more permeable to water and less permeable to NaCl. As a result, water 
moves into the interstitium and makes the ultrafi ltrate more concentrated than in the proximal tubule. 
In contrast, the thin ascending limb is impermeable to water, but permeable to NaCl. Therefore, the 
ultrafi ltrate becomes dilute and the medullary interstitium hypertonic. Thus, the thin descending and 
ascending limbs participate in the countercurrent multiplication of the urinary concentration process. 

  Distal tubule : The distal tubule includes the thick ascending limb of Henle’s loop and the distal con-
voluted tubule. The thick limb runs from the medulla into the cortex up to its parent glomerulus, 
where it forms the macula densa, a component of the juxtaglomerular apparatus that secretes renin. 
The thick ascending limb of Henle’s loop is responsible for the reabsorption of Na + , K + , and Cl in the 
ratio of 1:1:2. The reabsorption of these electrolytes is dependent on the Na/K ATPase located in the 
basolateral membrane. NaCl reabsorption also occurs in the distal convoluted tubule. Both segments 
of the distal tubule are normally impermeable to water, and thus the fl uid formed in the distal tubule 
is hypotonic. The impermeability of the distal tubule to water, combined with active transport of Na +  
and Cl out of the thick ascending limb, makes the medullary interstitium hypertonic. The distal tubule 
is connected to the collecting duct by the connecting tubule. 

  Collecting duct : Depending on its location in the kidney, the collecting duct can be divided into the 
cortical, outer medullary, and inner medullary portions. The epithelium of the collecting ducts con-
tains two types of cells: principal (65 %) and intercalated (35 %) cells. In addition, the presence of a 
third cell has been recently described [ 3 ]. The principal cell is the predominant type of cell lining the 
collecting duct system. In the cortical collecting duct, principal cells are responsible for K +  secretion 
and Na +  reabsorption. This function is only partly regulated by aldosterone, because some of the cells 
are capable of K +  secretion in the absence of this hormone. Intercalated cells are involved in H +  ion 
and HCO 3  secretion. Transport of water occurs in all segments of the collecting duct in the presence 
of the antidiuretic hormone or vasopressin. Figure  1.1  summarizes the functions of various segments 
of the nephron.

    Interstitium : The renal interstitium, a space between tubules, is comparatively sparse. It increases 
from the cortex to the medulla. In humans, the fractional volume of the cortical interstitium ranges 
from 12 % in younger individual to 16 % in older subjects. In the medulla, the interstitial volume 
increases from the outer to the inner medulla in the range of 4 to approximately 30 %. 

 Two types of interstitial cells have been described in the cortex: type 1 cortical interstitial cell, 
which resembles a fi broblast, and type 2 interstitial cell with mononuclear or lymphocyte-like struc-
ture. Between the cells is a space that contains collagen and fi bronectin. It is believed that the peritu-
bular fi broblast-like interstitial cells secrete erythropoietin. Type 2 interstitial cells are believed to 
represent bone marrow-derived cells. Three types of interstitial cells have been described in the 
medulla. None of these cells is the site of erythropoietin; however, some cells (type 1 medullary inter-
stitial cell) contain lipid droplets, which are believed to have hypotensive effects. All medullary inter-
stitial cells synthesize proteoglycans that are present in the interstitium. 

  Blood supply : Each kidney is usually supplied by one renal artery arising from the abdominal aorta. 
After or before entering the hilum, the renal artery divides into an anterior and a posterior branch; both 
of them give rise to a total of 5 segmental arteries. The segmental arteries are end arteries, and occlu-
sion of a single artery results in infarction of the area supplied. These segmental branches form the 
interlobar arteries in the renal sinus, which follow the curvature of the kidneys to form arcuate arter-
ies. From these arteries arise interlobular arteries that course radially through the cortex toward its 
surface. The interlobular arteries give rise to the afferent arterioles, which divide into 5–8 lobules and 
form the glomerular capillaries. The loops of these capillaries reunite to form the efferent arteriole of 
the glomerulus. The efferent arteriole leaves the glomerulus as a short unbranched segment before it 
branches into capillaries. These capillaries, which supply blood to the proximal and distal tubules of 
the cortex, are known collectively as the peritubular capillary network. The efferent arterioles of 
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glomeruli located in the juxtamedullary cortex and near the medullary region not only supply blood 
to their own tubules but also run deep into the medulla. These long, thin vessels are called arteriolae 
rectae, or straight arterioles. They form a loop with straight venules or venulae rectae of the medulla 
to form the vasa recta of the kidney. Thus, the blood supply to the medulla is entirely derived from the 
efferent arterioles of the juxtamedullary glomeruli. The capillaries of the outer cortex converge to 
form the stellate veins which drain into the interlobular veins, then into the arcuate and interlobar 
veins, and fi nally into the renal vein.  

    Clinical Evaluation of Kidney Function 

 Currently, determination of serum creatinine and blood urea nitrogen (BUN) concentrations, and esti-
mation of glomerular fi ltration rate (GFR) remain the most important tests to assess the kidney function 
in clinical practice. GFR can be measured directly by radioisotope methods or indirectly from serum 
creatinine concentration as estimated GFR (eGFR), using the Modifi cation of Diet in Renal Disease 
formula. Although serum creatinine concentration of 0.8–1.2 mg/dL and a BUN concentration of 
10 mg/dL are considered normal, their values vary with muscle mass and protein intake as well as the 
functional status of the liver. Therefore, an eGFR is recommended for evaluation of kidney function. 
Most clinical laboratories provide both serum creatinine and eGFR to the physician for assessment of 
kidney function. An eGFR of 60 mL/min/1.73 m 2  or less is considered chronic kidney disease (CKD). 
In addition to eGFR, urinalysis provides an assessment of glomerular, tubular, and interstitial functions 
of the kidney. The presence of albuminuria, hematuria, and red blood cell (RBC) casts in a well-
performed urinalysis indicates signifi cant glomerular disease. Determination of urine pH and urine 
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osmolality is helpful in assessing the kidney’s ability to acidify as well as concentrate or dilute the 
urine. A renal biopsy is needed to assess the pathology of the kidney in disease states.  

    Kidney Function in Disease States 

 When GFR is decreased due to functional or structural damage to the kidney, a variety of functions 
and also the structure of the kidney are altered. These functional and structural disturbances are briefl y 
discussed below. 

  Fluid, electrolyte and acid – base disturbances : When GFR is below normal but not low enough, the 
kidneys try to maintain relatively normal fl uid, electrolyte, and acid–base balance. However, when 
GFR is severely decreased, the kidneys retain Na + , water, K + , Mg 2+ , PO 4  3− , and H +  ions, resulting in 
edema, either hyponatremia or hypernatremia, hyperkalemia, hypermagnesemia, hyperphosphatemia, 
and severe metabolic acidosis. Hypocalcemia results from decreased calcitriol production by the kid-
ney. These patients also develop hypertension due to retention of Na +  and water. Anemia and bone 
disease are commonly seen in patients with low GFR. 

  Acute kidney injury  ( acute renal failure ): Acute kidney injury (AKI) is defi ned as an abrupt decrease 
in renal function, resulting in accumulation of nitrogenous (creatinine and BUN) and nonnitrogenous 
waste products. Based on the increase in serum creatinine and urine output, the Acute Dialysis Quality 
Initiative group recently proposed the RIFLE system, which classifi es AKI into three severity catego-
ries (R = risk; I = injury; F = failure) and two clinical categories (L = loss; E = end-stage renal disease). 
According to this classifi cation, AKI is described as an abrupt (within 48 h) reduction in kidney func-
tion defi ned as an absolute increase in serum creatinine level of 0.3 mg/dL, a 50 % increase in serum 
creatinine level from baseline, or a reduction in urine output of <0.5 mL/kg/h for >6 h [ 4 ]. 

 Studies have shown that even a small increase in serum creatinine levels is associated with increased 
morbidity and mortality. For example, it was reported that an increase in serum creatinine by ≥0.5 mg/
dL was associated with a 6.5-fold increase in hospital mortality, while an increase in serum creatinine 
of 0.3–0.4 mg/dL was associated with only 70 % increase in mortality risk. Even the length of the 
hospital stay was prolonged by AKI [ 5 ]. 

 The causes of AKI are divided into three major categories: prerenal, renal, and postrenal. Prerenal 
AKI is due to decreased renal perfusion, caused by hypovolemia, decreased effective arterial blood 
volume, renal artery disease, and/or altered intrarenal hemodynamics. These patients are usually vol-
ume depleted. A variety of intrinsic renal disorders due to an acute insult to the renal vasculature, 
glomerulus, tubules, or interstitium can cause AKI. Acute tubular necrosis remains the major form of 
AKI due to renal ischemia and exposure to nephrotoxins, such as drugs or contrast material. Postrenal 
AKI is due to obstruction to the urinary system either by intrinsic or extrinsic masses. 

 Treatment of AKI includes volume repletion in hypovolemic conditions and elimination of the 
causative agent or disease process. Some patients may require hemodialysis or other renal replace-
ment therapies, such as continuous venovenous hemodialysis. AKI is usually a reversible process; 
however, it is a risk factor for progression to CKD in a small percentage of patients. 

  Chronic kidney disease  ( chronic renal failure ): CKD is defi ned as a gradual decrease in renal function 
over a period of several months to years. Diabetes, hypertension, glomerulonephritis, cystic kidney 
diseases, and tubulointerstitial diseases (TIDs) are the major causes of CKD. Approximately 6.2 mil-
lion people are estimated to have a serum creatinine level ≥1.5 mg/dL. Unlike in AKI, serum creati-
nine level does not represent the extent of renal disease in subjects with CKD. Therefore, either actual 
determination of GFR by radioisotope methods or eGFR is used to assess the severity of kidney 

1 Kidney Function in Health and Disease



8

disease in a CKD patient. Based on these methods of GFR, a staging system and action plan for CKD 
was developed (Table  1.1 ).

   There are several risk factors for the progression of CKD, including hypertension, diabetes, hyper-
lipidemia, excessive protein intake, smoking, anemia, and genetic predisposition to kidney disease. 
CKD is one of the major risk factors for cardiovascular disease. Conservative management of CKD 
includes (1) control of blood pressure (<130/80 for patients with no proteinuria and <120/80 for those 
with proteinuria >1 g/day), using dietary sodium restriction <100 mEq/L, and antihypertensive agents 
such as    angiotensin converting enzyme-inhibitors (ACE-Is) or angiotensin receptor blockers (ARBs) 
as well as a low-dose diuretic; (2) maintenance of HbA 1c  <7 % in type 2 diabetic patients; (3) restric-
tion of protein intake <0.8 g/kg/day; (4) maintenance of LDL <100 mg/dL; (5) maintenance of hemo-
globin ~10–12 g/dL and control of bone disease; and (6) smoking cessation. Dialysis or kidney 
transplantation is required if the patient progresses to ESRD (end-stage renal disease). 

  Nephrotic syndrome : This syndrome is characterized by proteinuria >3.5 g/day, hypoalbuminemia, 
edema, hyperlipidemia, and lipiduria. The nephrotic syndrome is caused by (1) either primary (idio-
pathic) or secondary (known) glomerular diseases; (2) drugs, such as nonsteroidal antiinfl ammatory 
drugs, heroin, and gold; and (3) bacterial, viral, and parasitic infections. Among secondary glomerular 
diseases, diabetes is the leading cause of nephrotic syndrome in adults. The primary glomerular dis-
eases that cause nephrotic syndrome are minimal change disease, focal segmental glomerulosclerosis, 
membranous nephropathy, and membranoproliferative glomerulonephritis. 

 Proteinuria is caused by losses of charge and size in the GBM. Also, a decrease in protein (nephrin, 
podocin, α-actinin) or mutation in genes that encode these proteins in slit diaphragm and cytoskeleton 
of podocytes can cause proteinuria. Hypoalbuminemia is due to renal loss of albumin and increased 
catabolism. Both hypoalbuminemia and increased salt and water retention lead to edema formation. 
Recently, it has been proposed that an increase in Na +  reabsorption by the epithelial sodium channel 
(ENaC) located in the late distal convoluted tubule and cortical collecting duct is responsible for accu-
mulation of Na +  and edema formation in nephrotic syndrome. Hyperlipidemia is secondary to 
increased hepatic synthesis and decreased degradation of lipoproteins. 

 The patients with nephrotic syndrome are at risk for thrombotic complications, infections, cardio-
vascular disease, and skeletal abnormalities. Management of nephrotic syndrome includes salt and 
water restriction in edematous patients, ACE-Is or ARBs for proteinuria and control of hypertension, 
low protein diet to improve serum albumin level, proteinuria and renal function, vaccination to prevent 
infection from encapsulated organisms, prevention of thrombosis by avoiding prolonged immobilization 

   Table 1.1    Stages of chronic kidney disease and proposed actions [ 6 ]   

 Stage  Description  GFR (mL/min/1.73 m 2 )  Action  Related terms 

 1  Kidney damage with 
normal or ↑ GFR 

 ≥90  Diagnosis and treatment  Albuminuria, proteinuria, 
hematuria  Slow progression of CKD 

 Treat comorbidities 
 Cardiovascular disease risk 

reduction 
 2  Kidney damage with 

mild ↓ GFR 
 60–89  Estimate progression  Albuminuria, proteinuria, 

hematuria 
 3a a   Moderate ↓ GFR  45–59  Treat complications  Chronic renal insuffi ciency, early 

renal insuffi ciency 
 3b a   Moderate ↓ GFR  30–44  As above  As above 
 4  Severe ↓ GFR  15–29  Prepare for renal replace-

ment therapy 
 Chronic renal insuffi ciency, late 

renal insuffi ciency, pre-ESRD 
 5  Kidney failure  <15 (or dialysis)  Renal replacement therapy  Renal failure, uremia, ESRD 

   a Recently subdivided;  CKD  chronic kidney disease,  ESRD  end-stage renal disease,  GFR  glomerular fi ltration rate  
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and volume depletion, and control of hyperlipidemia. Anticoagulation is recommended in patients 
whose serum albumin levels are <2.0 g/dL and high risk for thromboembolic complications (e.g., 
patients with membranous nephropathy). Immunosuppressive therapy is reserved for patients with pri-
mary renal diseases. Elimination of the secondary cause usually improves nephrotic syndrome. 

  Nephritic syndrome : The nephritic syndrome, also called glomerulonephritis, is characterized by 
hematuria, RBC casts, hypertension, renal insuffi ciency, and varying degrees of proteinuria. Based 
upon the etiology and pathogenic mechanisms, this syndrome can present as (1) asymptomatic hema-
turia or proteinuria, (2) acute nephritis to rapidly progressive glomerulonephritis (RPGN), and fi nally 
(3) chronic sclerosing glomerulonephritis. There are several primary (e.g., RPGN) and secondary 
(e.g., systemic lupus erythematosus) causes of nephritic syndrome. Treating the underlying cause by 
conservative (acute nephritis) or aggressive (RPGN) management and control of blood pressure 
remain the main stay of therapy in patients with nephritic syndrome. A substantial number of patients 
presents with renal insuffi ciency, requiring renal replacement therapy. 

  Tubulointerstitial diseases (TIDs) : Tubulointerstitial diseases are a group of clinical disorders that affect 
principally the tubules and interstitium. Pathologically, TIDs are characterized by tubular epithelial 
injury, atrophy, hyperplasia or hypertrophy, and fi brosis. Initially, the glomeruli and blood vessels are 
usually spared. The tubulointerstitium is affected in all forms of renal disease [ 7 ]. Based upon the mor-
phologic changes and the rate of deterioration of renal function, TIDs can be classifi ed into acute TID or 
acute interstitial nephritis or chronic TID or chronic interstitial nephritis. Acute TID manifests as sudden 
onset of renal failure within days to weeks (1 day to 2 months), hematuria, mild proteinuria, WBC casts, 
and at times eosinophiluria or eosinophilia. The accurate diagnosis is made by renal biopsy. Acute TID 
is caused by drugs, infections, or immune disorders. Treatment includes removing the causative agent or 
in some cases steroids. Renal replacement therapy may be necessary in some patients. 

 Chronic TIDs are caused by a variety of drugs, infections, vascular, metabolic, immune, hemato-
logic diseases, urinary tract obstruction, and heavy metals. In some cases, the cause is unknown. 
Clinical manifestations include hypertension, renal insuffi ciency, hyperkalemia, anemia (both hyper-
kalemia and anemia are disproportional to the degree of renal insuffi ciency), inability to concentrate 
urine, and Fanconi syndrome. Urinalysis shows mild proteinuria and absence of RBC cats. Glomeruli 
are affected secondarily. Pathologic fi ndings of the kidney include progressive scarring of the intersti-
tium, tubular atrophy, and infi ltration with lymphocytes and macrophages. Removal of the offending 
agent or treatment of the underlying cause, control of blood pressure with dietary sodium restriction 
and antihypertensive agents, and correction of anemia as well as bone disease remain the main stay of 
therapy in patients with chronic TIDs. 

  Vascular diseases : Renal artery stenosis, hypertensive nephrosclerosis, vasculitis affecting the medium 
and small renal arteries, renal vein thrombosis as a complication of nephrotic syndrome, and several 
microangiopathic diseases such as hemolytic uremic syndrome and thrombotic thrombocytopenic 
purpura are some of the vascular diseases that cause altered kidney function. Appropriate manage-
ment is required to prevent the progression of kidney disease. 

  Diabetic Nephropathy : As stated previously, diabetes is the leading secondary cause of nephrotic 
syndrome in adults and deserves special attention. About 35–44 % of all patients diagnosed with 
diabetes eventually develop ESRD. To prevent the progression of kidney disease and also delay the 
onset of ESRD, it is essential to follow the natural history and clinical course of diabetic nephropathy. 
It appears that there are two pathways for progression of diabetic nephropathy: One is proteinuric 
and the other is non-proteinuric pathways. In the majority of patients with type 1 and possibly type 2 
diabetes, the kidney disease progresses (proteinuric pathway) through fi ve distinct stages. Stage 1 
(early hypertrophy–hyperfunction) corresponds to the onset of diabetes, which is characterized by 
enlarged kidneys and increased GFR. These changes can be reversed by good glycemic control. 
Stage 2 (normoalbuminuria) develops 2–5 years after onset of the disease and involves an increase in 
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GFR and the development of some structural changes in the kidney. GFR improves with good glyce-
mic control. Stage 3 (incipient nephropathy) takes 6–15 years to develop and is characterized by the 
presence of microalbuminuria (30–300 mg/day), which is the fi rst clinical sign of diabetic nephropa-
thy. There are progressive changes in the kidney, and patients develop hypertension. In addition to 
glycemic control, lowering blood pressure to <130/80 mmHg with an ACE-I or ARBs has been 
proven to be extremely benefi cial in preventing the progression of kidney disease to other stages of 
diabetic nephropathy. Stage 4 (overt nephropathy) occurs 15–20 years later and is characterized by 
clinically detectable proteinuria. Patients develop nephrotic syndrome, and hypertension becomes 
worse, resulting in gradual decrease in GFR (GFR decreases by 1 mL/min/month). Some patients 
with type 1 and type 2 diabetes develop CKD without any microalbuminuria or proteinuria. These 
patients are usually referred to as non-proteinuric subjects with CKD. The progression of CKD in 
these patients follows non-proteinuric pathway. How CKD progresses in non-proteinuric subjects is 
unclear at this time. Strict blood pressure control with 2–4 antihypertensives, if needed, stabilizes 
GFR in both proteinuric and non-proteinuric patients. Despite good glycemic and blood pressure 
control, some patients invariably progress to stage 5 (ESRD), requiring either maintenance dialysis or 
kidney transplantation for survival. Restriction of protein, Na + , and phosphate in the diet has been 
shown to be benefi cial in patients with CKD stages 3–5. Thus, glucose control, blood pressure control, 
and low protein diet play a signifi cant role in the management of diabetic nephropathy.  

    Summary 

 This chapter has provided a brief review of gross and microscopic anatomy of the kidney, and its 
functions in health and disease. A variety of commonly seen renal abnormalities have been discussed 
that require nutritional and pharmacologic intervention alone or in combination for management.     
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therapy   •   Low birth weight   •   Metabolic syndrome       

    Introduction 

 The demographic shift towards an older population [ 1 ] and urbanization with subsequent change in 
diet and physical activity patterns [ 2 ] are resulting in rise of chronic noncommunicable diseases 
across the world. A majority of patients suffering from diabetes and hypertension—primary risk 
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 Key Points 

•     The prevalence of CKD in economically developing nations is approaching that of developed 
nations.  

•   A large proportion of patients living in economically developed regions who approach end-stage 
renal disease (ESRD) likely die without accessing therapy. This gap in care is as yet unquantifi ed.  

•   Most nations offer some form of renal replacement therapy, but its expense and scarcity limit uni-
versal access. Expansion of peritoneal dialysis and transplantation may be potential strategies for 
improving access.  

•   Traditional risk factors for the development of CKD and ESRD include diabetes and hypertension; 
these are increasing in prevalence across the world. Moreover relatively novel risk factors includ-
ing low birth weight and metabolic syndrome are now recognized to play a role. Managing the 
extremes of nutrition—i.e., malnutrition and obesity—can play an important role in cost-effective 
prevention of ESRD.    
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factors for development of chronic kidney disease (CKD)—now reside in economically developing 
nations [ 3 ,  4 ]. 

 In this context, more nations are investigating the burden of CKD, although few are looking at 
strategies for management. CKD not only multiplies the risk for cardiovascular disease—a leading 
cause of morbidity and mortality worldwide—but also leads to the development of end-stage renal 
disease (ESRD). Care for patients with ESRD requires costly dialysis or transplant; even nations with 
established economies struggle to fi nance this therapy. 

 In this chapter we review available data on the prevalence and incidence of CKD and ESRD, with 
emphasis on studies from economically developing nations. We then detail the challenges in provision 
of renal replacement therapy (RRT) in low-resource settings. Finally, we examine associated risk fac-
tors, highlighting the role of the extremes of nutrition (i.e., both malnutrition and obesity).  

    Epidemiology of CKD and ESRD 

 In the USA, data on epidemiology of CKD are made available through National Health and Nutrition 
Examination Survey (NHANES) and periodically updated. The NHANES is a cross-sectional survey 
sampled to be representative of the overall US population [ 5 ]. The latest available estimate of a CKD 
prevalence of 13 % spans 1988–2004, includes 28,721 individuals over 20 years of age, and defi nes 
CKD as persistent albuminuria >30 mg/g and/or estimated glomerular fi ltration rate (eGFR) below 
60 mL/min/1.73 m 2  by the Modifi cation Diet in Renal Disease (MDRD) formula. Restricting to indi-
viduals with eGFR below 60 mL/min/1.73 m 2  yields a prevalence of about 5 %. Other population-based 
studies from established economies also present estimates close to 5 % for eGFR below 60 mL/
min/1.73 m 2 . In Norway the estimated prevalence using the NHANES defi nition was 10 % among adults 
over 20 years of age, with a 4.7 % prevalence of individuals with eGFR below 60 mL/min/1.73 m 2  [ 6 ]. 
Another population-based, nationally representative survey from Taiwan detected 7 % prevalence for 
individuals with eGFR below 60 mL/min/1.73 m 2  [ 7 ]. Studies from the UK [ 8 ], Japan [ 9 ], and Australia 
[ 10 ] confi rm similar or higher prevalence. Among economically developing nations, a few nationally 
representative studies are available. Table  2.1  provides a summary of available research from large pop-
ulation-based studies (note: not all studies use a nationally representative sampling strategy) [ 11 – 18 ].

   Studies examining awareness of diagnosis among persons living in economically developing 
 coutnries reported that fewer than 10 % of patients with CKD knew of their disease [ 12 ,  13 ,  18 ]. We 
can postulate then few patients are seeking health care for CKD regions. Discerning what proportion 
of these patients reach ESRD and are able to access RRT is a further challenge. In the USA and other 
economically developed countries, a centralized agency manages reimbursement of the majority of 
RRT, e.g., Medicare in the USA and Australia, and the National Health Services in the UK. A major-
ity of eligible and willing patients can access therapy, either through the safety net of the centralized 
agency or through private insurance. Thus, data on RRT prevalence and incidence is assumed to 
approximate the prevalence and incidence of ESRD [ 19 ]. 

 This assumption does not hold true in most economically developing countries (Fig.  2.1 ). First 
some countries have extremely limited access to RRT. In Africa, 27 countries reported almost no 
availability of nephrologists, at fewer than one per million population [ 20 ]. In a survey returned by 31 
of the 53 African countries, 13 reported fewer than 100 patients on dialysis [ 21 ]. Only ten countries 
perform transplantation. This scarcity in care likely refl ects competing social and economic national 
priorities rather than lack of need—particularly given the high rates of malignant hypertension among 
young Africans [ 22 ]. 

 Even in countries which have developed health care strategies related to ESRD, access to therapy 
is constrained by timely detection of ESRD [ 23 ]. The Brazilian Ministry of Health has committed to 
fi nancing dialysis or transplant therapy via its public insurance; 90 % of patients on dialysis receive 
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public health funding [ 24 ]. Despite this, experts from the country speculate that a large proportion of 
patients with ESRD die without diagnosis due to lack of early detection programs [ 25 ].

   In South Africa, although wealthier patients have access to private dialysis units, those seeking 
care through the public hospitals undergo a selection process based on guidelines established by the 
National Department of Health [ 26 ]. From a rare single-center analysis from Cape Town, Moosa and 
Kidd report that the proportion of patients accepted for RRT actually declined as the number of 
patients presenting with advanced CKD increased over a 15-year period [ 26 ].   Overall, the unit 
accepted 53 % of presenting patients. The authors asserted that “poverty related” factors—such as 
unemployment or illiteracy—accounted for a majority of the reasons for rejection (Fig.  2.2 ). Younger 
patients, patients with nondiabetic kidney disease, and those living closer to the dialysis center were 
more likely to be accepted. Similarly only about 5–10 % of the Indian ESRD population is estimated 
to be “accepted” for RRT [ 27 ].

   Complex factors underlie access to RRT in economically developing countries: government com-
mitment to ESRD care, concentration of nephrologists and dialysis or transplant centers, and ability 
to detect CKD. Not surprisingly, provision of RRT may be divorced from the actual incidence of 
ESRD and tracks more closely with a country’s income (Fig.  2.3 ) [ 28 ].

       Provision of Renal Replacement Therapy 

 Not only do we know little about the characteristics of patients with CKD who die with ESRD in 
economically developing countries, but data on the even smaller proportion of patients who reach 
ESRD  and  are able to access RRT are scanty as well. In most developed countries, national registries 

   Table 2.1    Chronic kidney disease epidemiology studies from economically developing countries   

 Study  Country  Sample size and methodology 
 Method of eGFR 
estimation 

 Prevalence of 
eGFR < 60 mL/
min/1.73 m 2  (%) 

 Chen et al. [ 11 ]  China  Population-based study representative 
of China ( n  = 15,540) 

 MDRD  2.5 

 Zhang et al. [ 12 ]  China  Population-based study representative 
of Beijing residents ( n  = 13,925) 

 MDRD  1.7 

 Ingsathit et al. [ 13 ]  Thailand  Population-based study representative 
of Thailand ( n  = 3,459) 

 MDRD  8.6 

 Escobar et al. [ 14 ]  Chile  Population-based study representative 
of Chile ( n  = 3,619) 

 Cockcroft-Gault  5.9 

 Amato et al. [ 15 ]  Mexico  Primary care clinic-based study 
representative of Morelia (an 
urban area), Mexico ( n  = 3,564) 

 Cockcroft-Gault  8.5 

 Sumaili et al. [ 16 ]  Congo  Screening in 10 of 35 health zones of 
Kinhasa, not representative 
( n  = 503) 

 MDRD  8 

 Cepoi et al. [ 17 ]  Romania  Voluntary participants of a national 
health screening program from 
Iasi county, Romania ( n  = 60,969) 

 MDRD  6.7 

 Singh et al. [ 18 ]  India  Population-based study representative 
of New Delhi and surrounding 
areas ( n  = 6,101) 

 MDRD  4.2 
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  Fig. 2.1    A schematic of the risk factors (related to both malnutrition and obesity) linked with chronic kidney disease, 
also highlighting data gaps in morbidity and mortality related to chronic kidney disease and end-stage renal disease in 
low- and middle-income countries.  Dx  diagnosis,  Rx  treatment       
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gather data on dialysis and transplant provision and patient outcomes, e.g., the United States Renal 
Data System (USRDS), the European Renal Association-European Dialysis and Transplant 
Association (representing more than 20 European countries), and the Australia and New Zealand 
Dialysis and Transplant Registry. The USRDS has collected data since 1978, with detailed informa-
tion on etiology of renal disease and patient outcomes including hospitalizations and mortality [ 29 ]. 
Based on its most recent report, about 450,000 (1,738 per million population) people are dialyzing or 
living with a transplant in the USA, and about 100,000 (355 per million population) people begin 
therapy annually. Provision of this therapy incurred a cost of $29 billion to Medicare (the primary 
payer). Cause of ESRD was attributed to diabetes or hypertension in three-fourths of the individuals 
starting RRT. Japan and Taiwan report the highest prevalence of RRT at more than 2,000 per million 
population, potentially due to a higher life expectancy allowing older patients with CKD to reach 
ESRD as well as improved survival while on dialysis therapy [ 30 ]. Interestingly, the incidence and 
prevalence of ESRD in Western European countries is well below that of Caucasians in the USA for 
reasons that are not clear. Whether this truly refl ects a lower incidence of ESRD or the limited provi-
sion of ESRD services to selected patients (such as the elderly or those with multiple comorbidities) 
in Western European countries is not certain. 

 Very few systems of data collection exist in economically developing regions. Often patients are 
splintered between public institutions and a vast network of private providers. Registries of RRT are 
rare. One exception is the Latin American Society of Nephrology and Arterial Hypertension’s Dialysis 
and Transplant Registry [ 31 ]. The registry received data from 18 of the 20 member nations in 2004, 
noting that 230,901 patients were on therapy (prevalence rate of 447 per million population). As noted 
by the report authors, member countries have not adopted uniform data collection methods. Typically 
the registry receives aggregate (not patient level) estimates from a participating country. The ERA-
EDTA registry also captures aggregate data from some middle-income countries with burgeoning 
dialysis practices, including Russia, Romania, Latvia, Croatia, and Poland [ 32 ]. Most of these coun-
tries report a prevalence of 400–700 per million population, with the exception of Russia where preva-
lence rate was lowest at 170 per million population. No regional registries exist for South Asia, East 
Asia, Africa, or the Middle East. 

 A handful of economically developing countries submit aggregate RRT estimates to the USRDS [ 29 ]. 
The trends reported here offer an interesting perspective. Thailand, for example, reported a prevalence 
rate of 220 per million population in 2005; this number had doubled to 553 per million population in 
2009. Similarly rapid gains were noted in Bangladesh, Mexico, and Romania. China and India have 

0

Low-income country

0

250

500

750

1000

1250

1500

1750

10000

Middle-income country

High-income countries

20000 30000
GDP per capita (international $)c

R
R

T
 p

re
va

le
n

ce
 (

p
m

p
)b

40000

Log. (all)
R2 = 0.5963

50000 60000

  Fig. 2.3    Association between use of renal replacement therapy and gross domestic product of a country. From White, 
S.L., et al., How can we achieve global equity in provision of renal replacement therapy? Bull World Health Organ, 
2008. 86(3): p. 229–37. Accessed at:   http://www.who.int/bulletin/volumes/86/3/07-041715.pdf    . June 26, 2013. 
Reprinted with permission from World Health Organization       
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also likely experienced rapid increases in patients on RRT although data from these two countries are 
particularly sparse. In 1999, the Chinese Dialysis and Transplantation Registry Group sent out a ques-
tionnaire to dialysis centers across China but received responses from less than half. Based on these, 
the prevalence of patients on dialysis was a rather low 33 per million population with an incidence of 
15 per million population [ 33 ]. However, more recent estimates from Beijing and Shanghai are more 
in-line with the Latin American region [ 34 ,  35 ]. The Shanghai Dialysis Registry reported a prevalence 
of around 200 per million population in 1999 with a rise to 400 per million population by 2005 [ 34 ]. 
This steep difference may refl ect a large gradient between dialysis availability in an urban setting, 
compared with a rural one [ 36 ]. 

 Grassmann et al. have attempted a worldwide estimate of RRT (Table  2.2 ) [ 37 ]. Their data are 
gathered through questionnaires distributed to in-county experts—with assistance from Fresenius 
Medical Care, one of the largest suppliers of dialysis equipment worldwide. According to their analy-
sis, Asia and Africa have some of the lowest prevalence of RRT. More than half of the patients on RRT 
reside in North America or Europe.

   Thus, from the limited data that are available from economically developing countries, we can 
conclude that the prevalence of RRT in ears about a quarter or less of the USA. Africa in particular 
lags behind in provision of RRT overall. Most middle-income countries have experienced a steep rise 
in RRT prevalence over the past 5 years but its provision may be concentrated around urban centers.  

    Modality Use 

 Hemodialysis is the primary modality used worldwide, even in economically developing regions. 
Based on the estimate by Grassmann et al., 77 % of patients on RRT are on dialysis with 89 % of this 
subgroup undergoing hemodialysis [ 37 ]. Use of peritoneal dialysis is proportionally greater in eco-
nomically developing regions however (Fig.  2.4 ).

   Specifi c countries within Latin America—Mexico, Guatemala, El Salvador, Nicaragua, and 
Dominican Republic—and Hong Kong are rare regions that rely more heavily on peritoneal dialysis 
than on hemodialysis [ 31 ]. The extent of peritoneal dialysis use is often infl uenced by government 
policy and relative costs of obtaining supplies. Nearly a quarter of the world’s peritoneal dialysis 
population resides in Mexico [ 38 ]. After its relatively early introduction to Mexican physicians in the 
1970s, the widespread use of peritoneal dialysis has also been encouraged by local manufacturing of 
required solutions, dissemination of simple techniques to primary care physicians, and government 
reimbursement policy [ 38 ]. In Hong Kong, nephrologists fi rst initiate peritoneal dialysis in patients 

   Table 2.2    Estimated prevalence of renal replacement therapy worldwide   

 Prevalence values (p.m.p.) 

 ESRD  Dialysis (HD + PD)  Transplant 

 Global  280  215  65 
 North America  1,505  1,030  470 
 Europe (thereof EU)  585 (850)  400 (550)  185 (295) 
 Japan  2,045  1,945  100 
 Asia (excluding Japan)  70  60  10 
 Latin America  380  320  65 
 Africa  70  65  5 
 Middle East  190  140  55 

  From Grassmann, A., et al., ESRD patients in 2004: global overview of patient numbers, treatment modalities and 
associated trends. Nephrol Dial Transplant, 2005. 20(12): p. 2587–93. Reprinted with permission from Oxford 
University Press  
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with ESRD and use hemodialysis only in patients who experience modality failure, resulting in the 
use of peritoneal dialysis in more than half of patients with ESRD [ 39 ]. In Thailand, the government 
has instituted a similar policy as in Hong Kong, and there has been a recent, rapid growth of peritoneal 
dialysis. Economic evaluations carried out in the developed economy context have confi rmed lower 
payer costs of peritoneal dialysis with no difference in survival, compared with hemodialysis [ 40 ]. 
Large studies from Brazil and Mexico have shown low rates of peritonitis (e.g., one episode every 
24–30 months [ 41 ,  42 ]). Acceptable rates of peritonitis have also been reported from African coun-
tries such as Sudan [ 21 ]. 

 Despite the expectation that peritoneal dialysis should be the favored modality—it is a low technol-
ogy and infrastructure modality, and published data to date indicate acceptable outcomes and low 
rates of peritonitis—hemodialysis remains the predominant modality used in most economically 
developing countries. Paradoxically, one reason may be the cheaper labor costs involved in having 
nurses perform dialysis, compared with the more expensive use of imported solutions and supplies 
[ 43 ]. As well, nephrologists working in economically developing countries perceive several barriers 
to peritoneal dialysis and sometimes do not discuss the modality as an option. For example, in a single 
center from an Indian state-run hospital, only 30 % of patients on chronic hemodialysis were aware of 
peritoneal dialysis as a modality [ 44 ]. The nephrologists identifi ed lack of an organized program and 
doubtful patient compliance as some of the barriers to peritoneal dialysis therapy [ 44 ]. Similarly in a 
survey of 68 Filipino nephrologists—another country with low peritoneal dialysis utilization rates—
about 40 % of nephrologists surveyed stated that they would preferentially recommend hemodialysis 
over peritoneal dialysis [ 45 ]. They cited poor patient hygiene, visual impairment, and lack of manual 
dexterity as potential reasons for hemodialysis preference. 

 To overcome some of these obstacles to wider adaptation of peritoneal dialysis, governments 
would need to prioritize infrastructure building for peritoneal dialysis, ensure a steady supply of the 
low-cost dialysate solution, and organize physician training. Only then would patient volumes reach 
a level large enough to sustain a successful peritoneal dialysis strategy (Table  2.3 ).

   Of the three modalities, transplant offers the best survival [ 40 ]. In developed countries, rates are 
limited by availability of organs. Approximately 30 % of patients with ESRD are living with a trans-
plant in the USA, with a majority (>60 %) having received deceased donor transplants [ 29 ]. 
Somewhat higher proportions of prevalent transplant patients (between 40 and 50 %) are reported in 
European countries including France, the UK, Norway, and Sweden [ 32 ], but deceased donor 
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  Fig. 2.4    Proportion of patients undergoing hemo- and peritoneal dialysis in various regions; a majority of patients live 
in North America, Europe, or Japan. From Grassmann, A., et al., ESRD patients in 2004: global overview of patient 
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transplantation predominates here as well. Japan is one exception; overall rates of transplantation are 
lower and living donation predominates, partly due to a societal and organizational reluctance to 
accept organs from brain-dead donors [ 46 ]. Although the cost of therapy is high for the fi rst year, 
costs drop off steeply after this time, resulting in an overall favorable cost-benefi t ratio in compari-
son with dialysis therapy [ 40 ]. 

 The provision of transplants varies widely in economically developing countries. Some countries 
report a thriving and successful transplantation program. For example, Iran reports that with govern-
ment support and regulation of a  paid - donation  program, the number of transplantation centers rose 
from 2 to 25 over a 2 decade period [ 47 ,  48 ]. Living unrelated donation predominates, both donors 
and patients were young (under 40 years of age on average), and 3-year graft survival rates were over 
85 %. Similarly the Brazilian government helps coordinate transplantation, particularly procurement 
of deceased organs and supply of immunosuppressive medications [ 49 ]. There are 138 transplant 
centers in Brazil, resulting in a prevalence of 123 per million population (comparable number in the 
USA: 528 per million population) [ 29 ,  31 ]. The proportion of patients receiving deceased donor trans-
plantation is increasing. 

 In other regions, particularly East and South Asia, transplantation activity is harder to track. In 
China, a practice of organ procurement from deceased prisoners has been widely denounced [ 50 ]. 
After the government announced its intention to prohibit such procurement, a steep rise in the black 
market sale of organs was expected. India is widely known to have a thriving black market, with an 
estimated 2,000 kidneys sold each year [ 47 ]. Pakistan’s Sindh Institute—a large, partially governmen-
tally funded hospital—reported that foreigners received up to two-thirds of the renal transplants 
performed. Thus, although the reported number of renal transplants is around 3,000 per year in India, 
the number of native Indian patients who are able to access this therapy is likely much lower [ 51 ]. 
Similar practices have been reported in the Philippines. 

 The expense of therapy not only deters widespread use of RRT, it also forces nephrologists in eco-
nomically developing countries to modify dialysis and transplantation practice. Although data on 
outcomes are rare, single-center studies have reported signifi cant reliance on two times per week 
hemodialysis as well as reuse of older cellulosic membranes. In a report of 259 patients on hemodialy-
sis at an Indian tertiary care center, 14 % were not able to adhere to the prescribed thrice weekly 
schedule [ 52 ]. Single-pool  Kt / V –a marker of dialysis adequacy – was less than 1 in half of the patients. 
A majority of patients who started dialysis discontinued therapy when fi nancial resources ran out 
within the fi rst year; and early mortality due to uremic complications was high. Twenty-eight percent 
of registered Beijing patients were undergoing two times per hemodialysis in 2002 [ 35 ]. To save on 
costs, the number of peritoneal dialysis exchanges performed may be suboptimal as well, and immu-
nosuppressive medication use may be tapered quickly for patients with transplants. Programs rely 
more on older medications such as cyclosporine and azathioprine (as compared with tacrolimus and 

   Table 2.3    Key ingredients for establishing a successful peritoneal dialysis (PD) program in a developing country   

 1. Developing a chronic kidney disease identifi cation and education program 
 2. Developing a healthcare policy addressing the problems of end-stage renal disease therapy 
 3. Integrating PD into the program 
 4. Developing a viable fi nancial model to support the program 
 5. Having appropriate individuals (nurses, physicians, etc.) trained in the details of PD therapy 
 6. Developing strategies to monitor the outcomes of the therapy to permit adjustments and modifi cations to be made 

to ensure the success of the program 
 7. Maintaining communication with groups/individuals outside the country to provide support as needed for focused 

problems 

  From Finkelstein et al. Peritoneal Dialysis In The Developing World: Recommendations From A Symposium At The 
ISPD Meeting 2008. Peritoneal Dialysis International. 2009;(29):618–622. Reprinted with permission  
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mycophenolate mofetil). The Sindh Institute in Pakistan ascribes to an aggressive tapering of immu-
nosuppression, for example, discontinuing cyclosporine altogether in individuals with fully matched 
kidneys who are rejection-free at 1 year post-transplant [ 53 ]. 

 In summary, despite data on the improved cost-effectiveness and survival of transplantation 
(compared with any dialysis) and the very valid hypothesis that peritoneal dialysis carries several 
advantages in resource-constrained settings, hemodialysis dominates these modalities. A concerted 
governmental effort is likely required to prioritize the use of peritoneal dialysis and transplantation; 
example programs exist in Mexico and Brazil, respectively. Data on outcomes of therapy are sparse, 
but its collection is particularly important since a majority of individuals are likely receiving subopti-
mal care and/or withdraw from therapy upon exhaustion of personal resources.  

    Nutrition as a Risk Factor and Key Intervention 

 With these challenges in provision of RRT, economically developing countries should focus on pre-
vention of CKD and ESRD. Thus tackling risk factors for CKD is a key area of intervention. Nutrition 
in particular can play an important role. 

 Obesity and subsequent development of metabolic syndrome or frank diabetes and hypertension 
likely drove the largest part of the rise in ESRD rates we have seen in the USA and other developed 
nations. A similar pattern is repeating now in economically developing regions. As previously noted, 
the prevalence of diabetes and hypertension will rise proportionally more in economically developing 
countries. Increasing obesity and declining physical activity, corresponding to the rapid urbanization 
and aging of the population, are felt to underlie this accelerating rate of metabolic syndrome, diabetes, 
and hypertension. 

 Obesity has skyrocketed worldwide, tripling in prevalence in economically developing nations 
where the Western lifestyle has come into vogue [ 54 ]. Using data gathered from the United Nations 
Food and Agriculture Organization and the Chinese Health and Nutrition Survey, Popkin and 
Drewnowski have documented a “nutrition transition” [ 55 ]. With the advent technological effi cient 
manufacturing of edible oils, a greater proportion of households living in developing countries can 
access this cheaper version of fat, even at low household incomes (Fig.  2.5 )   . The same survey in China 
demonstrated a shift away from vegetable and grain intake and towards animal protein intake, 

  Fig. 2.5    Fats have become a larger portion of diets around the world over time. Data from the China Health and 
Nutrition Survey. From Drewnowski A, Popkin BM. The nutrition transition: new trends in the global diet. Nutr Rev. 
1997 Feb;55(2):31–43. Reprinted with permission from John Wiley and Sons       
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resulting over time in a higher energy content per gram of food consumed in both urban and rural 
areas—although the shift was more dramatic for urban areas. Urban diets rely more on caloric sweet-
eners than previously [ 56 ].

   Food retail has changed substantially as well. Animal meat prices have declined over time, 
allowing for its greater consumption. Supermarket retailers—who have an advantage in prices 
when selling dry processed goods or frozen prepared foods—now dominate the landscape in many 
economically developing countries. For example, Reardon et al. describe that over the 2-decade 
period spanning 1980–2000, supermarkets have grown from occupying a 10–20 % share to 50–60 % 
share of the food retail market in Latin America [ 57 ]. Foreign direct investment in developing coun-
try economies is felt to be driving this phenomenon. Similarly, in Indonesia the fast food chain 
industry has boomed, going from fewer than 10 chains in 1980s to over 70 chains in the 1990s [ 58 ]. 
Potentially due to infl ux of women into the labor force, the average Indonesian spends 30 % more 
on prepared foods each year. 

 The outlined dietary changes, coupled with decline in strenuous physical activity as the service 
sector employs a greater proportion of the rapidly growing urban population, have led to an increase 
in the average body mass index in many economically developing countries. Initially this change was 
felt to be confi ned to individuals with higher socioeconomic status, but newer data demonstrates that 
as a country’s overall income increases, individuals of lower socioeconomic status experience a higher 
burden of obesity, than their “richer” counterparts [ 59 ]. 

 The adverse impact of this obesity—i.e., the end organ damage in the form of development of coro-
nary heart disease or CKD—may be more powerful among certain populations. A tendency towards 
central adiposity and insulin resistance explains this phenomenon among South Asians, who are 
widely recognized to be at increased risk for coronary heart disease. In a case–control study of healthy 
Canadians, South Asians carried a signifi cantly higher percentage of their total body fat in the visceral 
fat compartment [ 60 ]. Another study demonstrated an increased insulin resistance among South 
Asians, even after adjusting for abdominal and generalized obesity [ 61 ]. Studies within India have 
demonstrated a high prevalence of metabolic syndrome, affecting up to one-third of the urban popula-
tion (compared with about a quarter of the population in the USA) [ 62 ,  63 ]. A cross-sectional evalu-
ation in the UK identifi ed South Asian migrants as having the highest prevalence for metabolic 
syndrome, compared with Caucasians and African Caribbeans [ 64 ]. The association of coronary heart 
disease with metabolic syndrome was strongest among the South Asians. 

 Thus, not only is obesity rising at a rapid pace due to the consumption of high-energy, processed 
foods, its impact on chronic diseases including CKD may be proportionally more among select eth-
nicities. A change in the demographics of patients on dialysis in part refl ects the increasing burden of 
obesity. For example, Brazil reports that 8 % of its patients on dialysis were considered to have dia-
betic nephropathy in the 1980s, but among patients more recently begun on dialysis, 18 % were con-
sidered to have diabetic nephropathy [ 65 ]. 

 The other side of the coin—protein-energy wasting—may carry its own detrimental consequences 
for CKD. Children with oligonephronia with bilateral renal hypoplasia develop proteinuria and ESRD 
by adolescence [ 66 ]. Several large-scale epidemiology studies in the USA have demonstrated a 1.5–
2.5-fold increase in odds for CKD among individuals with low birth weight [ 67 ,  68 ]. Biological 
plausibility is suggested by the hypothesis that growth and development of the kidneys is sacrifi ced in 
favor of heart and brain development in the child with low birth weight [ 69 ]. Decreased glomerular 
number at birth leads to an increase in glomerular size in compensation, with resulting intraglomeru-
lar hypertension predisposing to glomerulosclerosis. This link between low glomerular number and 
low birth weight has been confi rmed in autopsy series. Another proposed mechanism emphasizes 
rapid weight gain post-delivery as a critical bell weather for weight gain in adulthood [ 70 ]. Researchers 
also invoke the “thrifty gene” hypothesis—in which the fetus creates adaptations to conserve energy 
when developing in an undernourished environment [ 71 ]. 
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 For countries with a large burden of food-insecure mothers as well as vulnerability to natural 
disasters including famine, this correlation between low birth weight and CKD as well as other 
chronic diseases carries important policy implications. It is no surprise then that both the United 
Nations and the World Health Organization have been developing strategies to correct this “nutrition 
paradox” of undernutrition and obesity facing economically developing countries [ 72 ]. They pro-
mote consumption of home prepared, fruits- and vegetable-rich, and low-sodium diet [ 72 ]. A focus 
on maternal nutrition and exclusive breast-feeding may help correct the undernutrition of infants in 
particular.  

   Summary 

 In summary, we are seeing that prevalence of CKD in economically developing regions is approaching 
that of developed ones. More and more persons living in these resource-constrained settings will 
likely be affected by CKD with the rise of metabolic syndrome, diabetes, and hypertension—risk 
 factors tied chiefl y to obesity and a nutrition transition. Currently a large proportion of patients with 
CKD in economically developing countries who approach ESRD likely die without accessing ther-
apy; the limited few who are able to access therapy are potentially receiving suboptimal care.  
Emphasizing peritoneal dialysis and transplantation over hemodialysis as modalities of choice for 
treatment of ESRD may make provision of RRT more sustainable.     
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  Abbreviations 

   AI    Adequate intake   
  AMDR    Acceptable macronutrient distribution range   
  AMPM    Automated Multiple-Pass Method   
  ASA24™    Automated self-administered 24-h recall   
  BMI    Body mass index   
  BMR    Basal metabolic rate   
  CKD    Chronic kidney disease   
  DEI    Dietary energy intake   
  DHQ    Diet History Questionnaire   
  DPI    Dietary protein intake   
  DRI    Dietary Reference Intakes   
  EAR    Estimated average requirement   
  EBPG    Evidence-based practice guideline   
  EER    Estimated energy requirement   

 Key Points 

•     An overview of the Dietary Reference Intakes and suggestions that these new approaches to dietary 
intake assessment may have applicability to kidney diseases.  

•   Historical approaches to dietary intake assessment have provided only moderate correlation to 
biomarkers of dietary intake.  

•   Multiple methods and multiple days of dietary intake assessment should be considered when eval-
uating dietary intake in an individual as well as in groups.    
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  EI    Energy intake   
  ELMP    Exchange Lists for Meal Planning   
  FFQ    Food Frequency Questionnaire   
  FNDDS    Food and Nutrient Database for Dietary Surveys   
  IOM    Institute of Medicine   
  KDOQI    Kidney Disease Outcomes Quality Initiative   
   Kt / V     Dialyzer solute clearance ( K ), time on dialysis ( t ), volume of solute distribution ( V )   
  NCDS    National Cooperative Dialysis Study   
  NHANES    National Health and Nutrition Examination Survey   
  OPEN    Observing protein and energy nutrition   
  PCR    Protein catabolic rate   
  RDA    Recommended dietary allowance   
  REE    Resting energy expenditure   
  TEE    Total energy expenditure   
  UL    Tolerable upper intake level   
  USDA    United States Department of Agriculture          

    Introduction 

 Understanding the dietary intake of people with kidney disease is fundamental to addressing their 
treatment or for the prevention or progression of disease. Several recent guidelines on chronic kidney 
disease (CKD) vary on recommendations for assessing the dietary intake of patients (Table  3.1 ) [ 1 – 8 ]. 
Whether the approach to assessing dietary intake is considered warranted is not discussed in these 
guidelines, so perhaps it is not an issue of the reliability of dietary intake assessment methods but 
rather one of the origin of the guidelines. For example, the guidelines from the National Kidney 
Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI) on nutrition [ 1 ] are written 
to be multidisciplinary and include guidelines for dietitians. The guidelines for CKD that were pro-
duced by the Academy of Nutrition and Dietetics are written specifi cally for dietitians [ 4 ]. However, 
many of the other guidelines for CKD are physician specifi c, and obtaining the dietary record is not 
included in their guidelines, perhaps because physicians do not normally collect this information. In 
contrast, assessment of dietary intake is a signifi cant practice of dietetics, and they routinely evaluate 
dietary intake in assessing the nutritional status of patients.

       Purpose and Utility of Dietary Intake Assessment 

 The intent of dietary intake assessment is to aid in understanding the eating patterns and practices of 
individuals or groups for education, for nutritional status assessment and disease risk, and for research. 
As an educational tool, the dietary intake assessment serves as a type of evaluation pre- and post-
education or pre- and post-event evaluation (e.g., the diagnosis of disease, occurrence of an acute 
injury). Soliciting dietary intake information prior to the time of a disease diagnosis (the diet history) 
forms a baseline understanding for the educational session—a sort of pretest. Once the education ses-
sions begin, additional dietary intake assessments provide a status of individual or group understand-
ing and food opportunity (the ability to obtain or interest in obtaining or consuming the recommended 
foods). Fundamental to behavior change is understanding the difference between a food or a food 
pattern previously practiced and the one being recommended. Dietary intake records help to reinforce 
the education. 

L.W. Moore
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    Table 3.1    Assessment of dietary intake recommended in practice guidelines for chronic kidney disease   

 Guideline 
 Publication 
year  Target population  Targeted nutrients 

 Recommended 
methodology 

 KDOQI 
Nutrition [ 1 ] 

 2000  Adults with GFR ≤25 mL/
min and children 

 Protein, energy  Interviews and diaries; 
24-h recall, 3-day 
food record 
(including 1 weekend 
day and/or 1 dialysis 
day, if applicable) 

 EBPG guideline 
on nutrition [ 2 ] 

 2007  Adults requiring mainte-
nance hemodialysis 

 Protein, energy  Dietary records (24-h 
recall, 3- or 7-day 
food record) or food 
questionnaires 

 KDOQI Guideline 
for Diabetes 
and CKD [ 7 ] 

 2007  People with diabetes 
having CKD stages 
1–5 

 Protein for CKD stages 
1–4 

 Not specifi ed 

 US Department of 
Veterans 
Affairs [ 5 ] 

 2008  Adult incident or prevalent 
patients (not requiring 
dialysis or transplant) 
with eGFR 30–60 mL/
min having evidence of 
kidney damage 

 Protein, potassium, 
sodium, phosphorus 

 Food recall records for 
patients with 
malnutrition 

 Medical Services 
Commission, 
British 
Columbia [ 6 ] 

 2008  Adults ≥19 years of age 
at increased risk for 
CKD (diabetes, 
hypertension, family 
history of kidney 
disease, or ethnicity as 
First Nations, Pacifi c 
Islanders, African 
descent, Asian) or 
already have CKD 

 Not specifi ed  Not specifi ed 

 Chronic Kidney 
Disease, 
National 
Collaborating 
Centre for 
Chronic 
Disease [ 8 ] 

 2008  People with CKD not 
requiring dialysis or 
transplant, ≥16 years 
of age 

 Potassium, phosphate, 
protein, calorie, salt 
intake (unspecifi ed 
amounts) 

 Not specifi ed 

 KDOQI Pediatric 
Nutrition [ 3 ] 

 2009  Children, stages 2–5 CKD  Protein, energy, vitamins 
(thiamin, ribofl avin, 
niacin, pantothenic 
acid, pyridoxine, 
biotin, cobalamin, 
ascorbic acid, retinal, 
α-tocopherol, vitamin 
K, vitamin D, folic 
acid), minerals 
(copper, zinc, calcium 
and phosphorus), and 
amino acids (carnitine) 

 Not specifi ed 

 Academy of 
Nutrition and 
Dietetics [ 4 ] 

 2010  Adults, eGFR <50 mL/
min 

 Protein, energy, phospho-
rus, calcium, sodium, 
potassium 

 Diet history, 24-h recall, 
3–7-day record 

   KDOQI  Kidney Disease Outcomes Quality Initiative,  GFR  glomerular fi ltration rate,  EBPG  evidence-based practice 
guideline,  CKD  chronic kidney disease,  US  United States,  mL / min  milliliters per minute  

3 Dietary Assessment in Kidney Disease
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 Eating practices and patterns are related to nutritional status and disease risk. The discovery of 
most vitamins and essential nutrients came about as certain foods were demonstrated to be antidotes 
to common diseases. For example, citrus fruits for treatment or prevention of scurvy resulted in the 
knowledge that foods missing from the diet resulted in disease and, ultimately, the discovery of ascor-
bic acid (vitamin C) as the essential missing nutrient [ 9 ,  10 ]. These discoveries resulted in the assess-
ment of dietary intake as a surrogate for nutritional status. In contrast to missing nutrients, examining 
dietary intake also provided information on dietary excesses for understanding how foods consumed 
in excess were contributing to disease conditions (e.g., overweight/obesity, heart disease, diabetes, 
kidney disease).  

    Methodology of Dietary Intake Assessment 

 Dietary intake assessment is performed in different ways. A recollection of food intake may be 
obtained for either a previous 24-h period (e.g., the 24-h recall) or over a longer period of time 
(e.g., the Food Frequency Questionnaire (FFQ)). Both of these methods require the person to 
remember what foods they consumed. Alternatively, a food diary is a prospective food record and 
may be collected for a period of days or longer. Each method has advantages and disadvantages as 
well as applicability. Comparing dietary intake to recommended intake will be different with each 
instrument. 

 Recently, the Food and Nutrition Board of the Institute of Medicine (IOM) joined with Canadian 
scientists to establish reference values for nutrient intakes of healthy US and Canadian individuals 
and populations [ 11 ,  12 ]. These reference values replace the previous publications of Recommended 
Dietary Allowances (RDA) used in the USA and Recommended Nutrient Intakes used in Canada and 
are now referred to as the Dietary Reference Intakes (DRIs). The DRIs are intended for dietary plan-
ning [ 13 ] and assessment [ 14 ] of both individuals and groups and take into account the distribution 
of nutrient requirements and usual intake. According to the DRIs, the RDA is the dietary intake that 
would meet the needs of almost all healthy individuals (97–98 %) of a particular age or sex. The 
RDA is based on the estimated average requirement (EAR) and is two standard deviations above the 
EAR. The EAR is the average daily nutrient intake required to meet the needs of half of the healthy 
population of a particular age or sex and provides insight into the proportion of a group that will 
experience inadequate nutrient intake [ 15 ]. Assessment of estimated energy requirement (EER) is 
different from EAR in that the EER is the estimated energy intake (EI) that would be required to 
maintain body weight (e.g., the body weight of someone who has a body mass index [BMI] between 
18.5 and 25 kg/m 2 ) according to their life stage, sex, and activity level. The adequate intake (AI) is 
the mean intake of a nutrient or food component in a group of healthy people and is used as a refer-
ence when no RDA is available (e.g., dietary fi ber or omega-3 fatty acids). The tolerable upper intake 
level (UL) of a nutrient has been described as the highest average nutrient intake that is likely to 
cause no health risk. Another consideration in dietary assessment is the distribution of nutrients. An 
Acceptable Macronutrient Distribution Range (AMDR) for adults is available for individuals for 
carbohydrate (45–65 % of energy), protein (10–35 % of energy), and fat (20–35 % of energy). 
Together, these terms represent the DRIs and provide more than one assessment of dietary intake. For 
example, assessing whether an individual or a group meet the AI level but exceed the UL is a new 
opportunity for dietary intake assessment. These terms and defi nitions represent current guidance on 
dietary assessment and will be referred to in subsequent sections of this chapter. A description of the 
tools currently used in dietary intake assessment, how they are analyzed, and where they are applied 
to DRIs are reviewed below. 

L.W. Moore
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    24-h Recall 

 Typically used as a quick assessment of dietary intake, the 24-h recall requires that the patient be able 
to remember what was consumed on the day prior to the interview day. Memory can be aided by the 
presence during the interview by the presence of another family member or someone residing with the 
patient. The interviewer who is leading the recall also utilizes prompts to aid in the recall of foods (e.g., 
time of day, the setting during which the food was consumed) and portion sizes (e.g., visuals such as 
food models, measuring tools, or representative serving utensils). The 24-h recall is easy to implement 
and quick to analyze. It is often used in the clinic or research setting for individuals and for groups. 

 Data from the 24-h recall are analyzed by using proprietary nutrient analysis software (see a list of 
examples in “Diet Record or Diary” section), by entering foods into the free online Nutrient Data 
Laboratory service from the US Department of Agriculture’s Agricultural Research Library [ 16 ], or 
by using Exchange Lists for Meal Planning (ELMP) from the Academy of Nutrition and Dietetics [ 17 ]. 
An example of the use of the AND’s Exchange Lists is shown in Tables  3.2  and  3.3 . The ELMP is a 
crude estimate of macronutrient distribution across foods by grouping the foods into categories (e.g., 
starch, fruit, dairy, non-starchy vegetables, meats and meat substitutes, and fats). Combination foods 
(e.g., lasagna, casseroles, desserts) are accounted for by including all the food groups represented by 
the combination food. Another method of collecting and analyzing the 24-h recall is the new auto-
mated, self-administered 24-h recall (ASA24™) reviewed below [ 18 ].

       Automated Multiple-Pass Method 

 A method for collecting a 24-h recall from in-person interviews or over the telephone is the computer-
ized Automated Multiple-Pass Method (AMPM) [ 19 ,  20 ]. The process of the AMPM incorporates 
fi ve discussions called “passes” of foods consumed the previous day (Fig.  3.1 ) [ 20 ]. First, the partici-
pant is asked for a  quick list  of all foods eaten the previous day; a series of questions are then asked to 
probe for potential  forgotten foods  (such as snacks, nonalcoholic beverages, sweets). The third pass is 
a series of questions regarding the  time and occasion  that foods were eaten, and it is used to sort foods 
into groups by eating occasion. The fourth pass is a  detailed review  of the foods to obtain descriptions 
and amounts and also to include additions to the foods. The fi fth and  fi nal review  is another opportu-
nity to list foods not recalled earlier.

   Incorporating the system into a computer model has allowed the interview to be automated, and it 
standardizes the probing methods. According to Raper et al., the AMPM contains more than 2,400 
questions, 21,000 response options, and 500,000 potential pathways [ 20 ]. The system allows for pre-
fi lled responses, which reduces the interviewer and respondent burden if an item was detailed in the 
fi rst ( quick list ) pass. For example, identifying the type of juice as orange would not require that 
information to be asked in the fourth ( detailed  review) pass. Instead, the  detailed  review pass could 
focus on identifying whether the item was 100 % juice and if it was calcium fortifi ed. The AMPM has 
been used in the National Health and Nutrition Examination Survey (NHANES) since 2001 and is 
administered by trained interviewers [ 21 ].  

    The Automated Self-Administered 24-h Recall 

 Recently, collaborations between the United States Department of Agriculture (USDA), the 
National Cancer Institute, and Baylor College of Medicine (Houston, TX) have transformed the 
AMPM methodology into an Internet-based automated self-administered 24-h recall (ASA24™) [ 18 ,  22 ]. 

3 Dietary Assessment in Kidney Disease
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The tool is available on the National Cancer Institute’s website [ 18 ]. Respondents are guided by the 
ASA24 through the fi ve passes of the AMPM with over 10,000 food pictures of eight different portion 
size equivalents. An optional module for collecting dietary supplement information is also available 
on the portal. The ASA24 consists of two portals: one for respondents where both English and Spanish 
tools are located and a researcher portal where data analyses are available. The software is freely 
available to researchers, clinicians, and students [ 18 ]. The automation of the ASA24 eases the ability 
to obtain and analyze a 24-h dietary recall utilizing the proven accuracy of the AMPM. 

     Table 3.3    Example of crude dietary analysis spreadsheet for total kilocalories, carbohydrate, protein and fat using food 
groups to estimate intake and showing number of exchanges for each food group listed by meal category   

 A  B  C  D  E  F  G 

 1  Starch  Fruit  Milk  Nonstarch vegetable  Meat/substitute  Fat 
 2  Breakfast  2  1  1  0  1  2 
 3 
 4  Lunch  3  2  1  2  2  2 
 5 
 6  Dinner  3  2  0  2  3  3 
 7 
 8  Snack  1  1  0.5  0  0  0 
 9 
 10   Total   9  6  2.5  4  6  7 
 11 
 12  Carbohydrate  Protein  Fat 
 13  Grams  275  88  52 
 14  kcal  1,100  352  464 
 15  Total kcal  1,916 
 16  kcal%  57  18  24 
 17  Keep ratio at:  50–55 %  15–20 %  30 % or less 

  ©2008 Academy of Nutrition and Dietetics (formerly the American Dietetic Association). Adapted with permission  

Passes

12am
Foods and beverages

consumed during 24 hours
1. Collect a quick list

3. Collect time and eating
    occasion
4. Collect detailed
    description of each
    food/beverage
5. Final probe for anything
    else

2. Probe for forgotten
    foods

  Fig. 3.1    The steps in obtaining a 24-h dietary intake using the Automated Multiple-Pass Method, from midnight to 
midnight on the previous day       

 

3 Dietary Assessment in Kidney Disease



32

 The dietary intake data captured by the ASA24™ are analyzed based on the Food and Nutrient 
Database for Dietary Surveys (FNDDS) from the Agricultural Research Service of the USDA [ 16 ]. 
The FNDDS is used to analyze the data from the  What We Eat in America  survey [ 23 ], which is the 
source of dietary intake information used for the NHANES [ 24 ]. The FNDDS is a database of nutrient 
values from foods based on the USDA National Nutrient Database for Standard Reference and is 
updated approximately every 2 years in association with the NHANES survey. The researcher portal 
of the ASA24 is designed for professional users (researchers, clinicians, educators) and allows them 
to set parameters for a study or series and obtain dietary analyses [ 18 ]. The professional then reports 
the results to respondents.   

    Food Frequency Questionnaire 

 A FFQ may be considered an adaptation of the diet history. It is typically a general list of structured 
questions aimed at eliciting food items commonly or uncommonly consumed and settings where 
foods are consumed in order to obtain a sense of usual food intake. A FFQ may also be aimed at elu-
cidating special or specifi c foods or food groups, depending on the purpose of the questionnaire. 
FFQ’s are widely used by epidemiologists in large cohort studies due to their ease of use, their ability 
to reduce variance across individual participants, and because they are relatively inexpensive to imple-
ment. Additionally, compared to diet records, the FFQ is noted to be more applicable when evaluating 
specifi c food intakes than the diet record, which may be more suitable to evaluating nutrient intakes 
[ 25 ,  26 ]. Two of the most commonly used FFQ’s were developed separately by Block [ 27 ,  28 ] and 
Willett [ 29 ,  30 ] and have been used in many epidemiologic trials. Many FFQ’s are adaptations of the 
Block or Willett designs. 

    Block FFQ 

 The Block FFQ was developed with data obtained from 24-h recalls collected in NHANES II [ 27 ,  31 ]. 
The food items selected for the FFQ were based on the contribution of foods represented in the 24-h 
recalls and the energy represented by those foods. Portion sizes from the 24-h recalls were used to 
represent the portion sizes offered in the FFQ as “small,” “medium,” or “large.” The Block FFQ was 
used in the Women’s Health Trial Feasibility Study. Three 4-day diet records that were collected dur-
ing a 1-year period prior to administration of the FFQ were compared with the Block FFQ [ 28 ]. 
Correlations ranged from 0.5 to 0.7 between the 24-h recalls and the FFQ [ 27 ,  28 ]. The Block Health 
Habits and History Questionnaire is another version of the full-length Block FFQ that contains 
approximately 100 food items [ 31 ].  

    Willett FFQ 

 The Willett FFQ (or the Harvard Food Frequency Questionnaire) was designed to provide a simple 
method for ranking the intake of food items representative of dietary intake over the previous year 
[ 29 ] and has been used in the Nurses’ Health Study [ 30 ,  32 ] and the Health Professionals Follow-Up 
Study [ 33 ,  34 ]. The validation of the Willett FFQ has been performed by comparing results of two 
FFQ reports taken at 1-year intervals to two 7-day diet records completed within approximately 2–3 
months of the FFQ [ 26 ,  34 ]. Correlation between the diet record and the Willett FFQ ranged from 0.5 
to 0.7 [ 26 ,  30 ,  34 ].  
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    Diet History Questionnaire 

 The Diet History Questionnaire (DHQ), which was developed by the National Cancer Institute, is 
based on the Block FFQ where some of the questions were redesigned using a cognitive evaluation of 
the question format and grouping [ 35 ]. The DHQ has been compared to both the Block FFQ and 
Willett FFQ [ 36 ], and it appears to perform similarly with regard to assessing diet-disease risk. 
However, the DHQ and Block FFQ may provide better information on absolute intakes than the 
Willett FFQ. Yet, in a biomarker study measuring doubly labeled water (a biomarker for energy 
expenditure) and urinary nitrogen excretion (a biomarker for protein intake), the DHQ was shown to 
underestimate dietary energy and protein intakes [ 37 ,  38 ]. Currently, the DHQ is a 134-food item 
questionnaire that may be used to assess dietary intake over the previous year (with or without portion 
size information) or over the past month (with or without portion size estimates) [ 39 ].  

    FFQ Data Analysis 

 The portion size of a food consumed is multiplied by the frequency of consumption to obtain the 
nutrient totals in the FFQs. Totals are generally reported as an amount per period (often standardized 
to estimate daily consumption equivalents or monthly consumption equivalents). Many FFQ’s have 
also been adapted to provide information on how the foods consumed apply to food guidance such as 
MyPyramid (reported as MyPyramid equivalents per day), the Healthy Eating Index, the Overall 
Nutrition Quality Index, a prudent vs. Western dietary pattern, servings of food in food groups, or 
other guidelines, as applicable [ 26 ,  39 – 43 ].   

    Diet Record or Diary 

 The diet record or diary is a prospective record of food consumed. The participant records food and 
beverage intake throughout the day as the food is consumed, preferably at the end of each meal or 
snack. The record is maintained on paper or electronic device/system, and it is usually submitted to a 
reviewer after an agreed number of days’ collection. Multiple-day diet records are used for both dietary 
intake assessments and as a self-monitoring tool for dietary intervention programs [ 44 ,  45 ]. Attainment 
of dietary goals has been improved by participant engagement in diet record keeping [ 45 – 50 ]. 

 To confi rm the accuracy of the content, a professional with expertise in diets, such as a registered 
dietitian, dietetic technician, or trained dietary interviewer, usually reviews the diet record. Similar to 
the methods used in the 24-h recall, the reviewer will typically query the participant on portion size, 
the content of combination foods (e.g., Was the lasagna vegetable, beef, or turkey?), probe for more 
detail on foods that might be more than the standard food item (e.g., Was the orange juice fortifi ed 
with calcium?), or how the food was prepared (e.g., Was the food prepared at home or purchased at a 
restaurant?). The amount of time spent on the review process will depend on the goal for the record 
keeping. If the goal is weight loss or gain, then a review that would provide information on macronu-
trient intake will suffi ce and could be as simple as that outlined in Tables  3.2  and  3.3  where the evalu-
ation is only of food exchanges and number of servings to calculate macronutrient content. These 
tables are based on the Academy of Nutrition and Dietetics and American Diabetes Association 
Exchange Lists for Meal Planning [ 17 ]. Table  3.2  depicts the formulaic layout in a type of spreadsheet 
software for tracking the number of food exchanges and resulting macronutrients of an individual’s 
daily intake. Table  3.3  depicts the appearance of the spreadsheet once the data have been entered. 
These tables are provided for readers to develop a quick-analysis tool using the formulae and layout 
shown in Table  3.2 . 
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 Alternatively, if the goal is to assess dietary intake of a micronutrient (e.g., vitamin D, sodium, or 
phosphorus), the review process may be more detailed. Analyses of these data may require proprietary 
computer software, such as is available from Food Processor (ESHA Research, Salem, OR) [ 51 ], 
FoodWorks (The Nutrition Company, Long Valley, NJ) [ 52 ], NutriBase (CyberSoft, Phoenix, AZ) [ 53 ], 
NutritionistPro™ (Axxya Systems, Stafford, TX) [ 54 ], and others, or accessing the free Nutrient Data 
Laboratory service from the US Department of Agriculture’s Agricultural Research Library [ 16 ]. 
Another variable in choosing the diet record analysis methodology is the setting or purpose of the diet 
record. Working with an individual or with groups or on a research project will contribute to the deci-
sion on which systems to use for analysis as well as the methodology. 

 Currently, few of the proprietary nutrient analysis software programs provide comparison to the 
DRIs. As shown in the “Application of Dietary Intake Assessment to Dietary Guidelines” section, this 
evaluation requires a computational approach and would be an excellent addition to software pro-
grams. As more is learned about the DRIs and how to apply them, demand for these features will 
likely increase.  

    Application of Dietary Intake Assessment to Dietary Guidelines 

    Dietary Intake Assessment of Individuals 

 As indicated in previous sections of this chapter, assessing usual dietary intake is challenging and 
varies by the method used and frequency of assessment. Multiple records appear to be more informa-
tive than one method or record alone. Assessments of usual intake should include variations on the 
day of the week to account for day-to-day variability. Likewise, assessments should exclude holidays 
or special occasions because individuals tend to eat differently on these special days. 

 In the individual setting, estimating that the probability an individual is consuming a diet that is 
within his/her target level can be accomplished by comparing the EAR to the individual’s mean and 
standard deviation (SD) of usual intake of the nutrient [ 14 ]. This concept is illustrated for dietary 
protein, phosphorus, and magnesium intake in Table  3.4  [ 55 ]. It is not recommended to use the RDA 
as a measure of nutrient intake adequacy because intakes below the RDA cannot be assumed to be 
inadequate for an individual [ 14 ]. This is partly because the RDA exceeds the actual requirement for 
all individuals except 2–3 % of the population.

   If an individual’s mean usual intake of a nutrient is largely different than the median requirement 
(the EAR) and the difference is positive, then it may be assumed that the individual’s intake of that 
nutrient is adequate (or inadequate if the difference is largely negative). A rule of thumb recom-
mended by the IOM is that, for individuals, intakes below the EAR  need to be increased  and those 
between the EAR and the RDA  probably should be increased  [ 14 ,  56 ]. A more detailed description of 
this approach and guidance on the approach for nutrients for which no EAR has been established is 
available from the IOM’s Dietary Guidance website [ 11 ,  14 ] and a recent practice paper of the 
Academy of Nutrition and Dietetics [ 56 ].  

    Dietary Intake Assessment of Groups 

 The dietary intake of groups of people is important on many levels. From a public health level, the 
dietary intake of a population (e.g., a country, city, community, school, household; members of health-
care provider groups; people having a medical diagnosis; people having a particular lifestyle) can 
provide information relevant to planning for food supply needs, healthcare needs and risks, and pro-
grams to improve healthcare outcomes. Nonetheless, retrieving such dietary intake information on 
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groups is diffi cult. In the USA, the NHANES provides extensive information on the dietary intake of 
the noninstitutionalized US population, and it has served as the reference resource for the DRIs [ 11 ]. 
The survey is also capable of providing information on the dietary intake of groups of people with 
certain medical conditions, but the analytical methodology is critical to getting the most accurate 
information. 

 To estimate the proportion of a group that is below the DRI, dietary intake information from more 
than 1 day is required because the distribution of intakes will vary between individuals and between 
days. In NHANES, for example, it is possible to evaluate the mean dietary intake or from a single 24-h 
recall. The dietary data are collected on multiple days of the week, and the large sample sizes avail-
able account for between-subject variability. This information may provide insight into the dietary 
intake of a group of people (e.g., an age group, a socioeconomic group, a group with a certain medical 
condition), but it is not possible to evaluate how the group compares to the DRIs without evaluating 
the usual intake of the group. To estimate the usual intake of a group from the NHANES data, both 
days of the dietary intake record are required [ 57 ,  58 ]. The recommendation for a minimum of 2 non-
consecutive days to estimate the usual dietary intake is based on the need to account for the within- 
subject variability that is common for individuals. 

 In general, whether using the NHANES data or developing new dietary intake data, 2 or 3 consecu-
tive days of dietary intake are recommended for estimating the usual intake of a group [ 14 ,  59 ]. The 
distribution of intake should be part of the dietary assessment technique. Since the spread or distribu-
tion of usual intake of most nutrients is wider than the distribution of the requirement, it is not appro-
priate to compare the mean of the usual intake to the mean of the requirement. Comparing means 
would result in an overestimation of the group proportion who are consuming adequate or inadequate 
(e.g., the tail probabilities) nutrients. Methods used for handling the issues of distribution have been 
described by the National Research Council [ 60 ], the Iowa State University [ 57 ], and more recently 

    Table 3.4    Examples of dietary protein, phosphorus and magnesium intake for healthy adult (19–70+ years of age) men 
and women and the probability that the dietary intake is adequate   

 Protein Intake 
(g/kg/day) a  

 Phosphorus 
intake (mg/day) 

 Magnesium—
men (mg/day) b  

 Magnesium—
women (mg/day) b    z -Score c  

 Probability of 
adequacy (%) d  

 0.50  461  278  210  −2.06  2 
 0.53  485  293  222  −1.64  5 
 0.56  506  305  231  −1.28  10 
 0.58  520  314  237  −1.04  15 
 0.62  549  331  251  −0.53  30 
 0.66  580  350  265  0  50 d  
 0.74  640  386  293  1.04  70 
 0.76  654  395  299  1.28  85 
 0.79  675  407  308  1.64  95 
 0.82  699  422  320  2.06  98 e  

   a Without additional amino acid supplements 
  b The age group for magnesium represented in the table is 31–70+ years 
  c  z -Score represents the standard deviation (SD) units above or below the mean and is calculated for these data using the 
following equation:  z  = (estimated dietary intake − EAR)/SD, where EAR = estimated average requirement of the nutri-
ent. SD units for these nutrients are provided in the Dietary Reference Intakes: The Essential Guide to Nutrient 
Requirements [ 55 ] 
  d The 50 % probability of adequacy is the EAR for the nutrient and represents the amount required by half of the healthy 
population in the age and sex group represented in the table. Dietary protein and phosphorus requirements are not dif-
ferent between males and females 
  e Represents two SDs above the EAR and is considered the recommended dietary allowance (RDA) that would meet the 
needs of almost all (97–98 %) of the age and sex group represented in the table  
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a webinar series hosted by the National Cancer Institute [ 58 ]. These methods vary slightly from each 
other, but each indicates that the inter- and intrasubject variability, as well as the range of distribution 
of the nutrient requirement, must be accounted for when making comparisons to other groups, to the 
DRIs or other clinical guidelines, or to a health condition. The EAR cut-point method, recommended 
by the IOM and the National Research Council, is one example that can be applied when the vari-
ability of the intake of the nutrient is ≤60 % [ 55 ]. This method is illustrated in Table  3.4  for dietary 
protein, phosphorus, and magnesium intake. 

 Murphy et al. have outlined precautions important for dietary assessment of groups [ 61 ]. These 
precautions include:

•    Avoid comparing group mean intake to the RDA because the prevalence of inadequacy would be 
missed; it is essential to know about the tail probabilities.  

•   Avoid comparing the mean intake of a group to the EAR because 50 % would have an inadequate 
intake. It is better to compare the distribution of intakes to determine the proportion of a group 
below the EAR—the prevalence of inadequacy.  

•   Use multiple, nonconsecutive day dietary intake information and adjust for variability [ 58 ,  61 ].  
•   Use validated dietary intake collection methods to avoid systematic errors [ 56 ,  58 ,  61 ].       

    Evidence 

 Whether dietary intake assessment tools can provide accurate results has been tested by several meth-
ods, some of which are listed here and discussed below:

•    Direct observation—performed with subjects housed in a research or similar setting, receiving 
prepared and tare-weighed meals compared to self-reported records of what was consumed  

•   Comparison of one dietary assessment tool to another  
•   Evaluation of subgroups to determine if characteristics identify those more or less likely to accu-

rately record or recall their intake  
•   Comparison of the dietary intake assessment tool to a biomarker or series of biomarkers    

    Assessment of the 24-h Recall, the AMPM 

 The AMPM was validated in men and women, in different ethnicities, and for macronutrients as well 
as many micronutrients [ 62 – 66 ]. Conway et al. [ 62 ] measured macronutrient intake from a single 
24-h dietary recall using the AMPM and compared reported intake to direct observation of intake in 
45 men between the ages of 21 and 65 years with a mean BMI of 27.6 kg/m 2  (range, 20.8–39.2 kg/
m 2 ). No relationship was demonstrated between BMI and precision of the dietary recall ( r  2  = 0.01, 
 p  = 0.44). Observed EI from protein was 14.4 ± 0.4 % compared to recall at 14.3 ± 0.4 %. Mean total 
EI observed was 3,294 ± 111 kcal/day compared to recall at 3,541 ± 124 kcal/day. 

 A similar study design was used by Conway et al. [ 63 ] to evaluate the accuracy of a single 24-h 
dietary recall of women. A group of 49 women, ages 21–63 years, with mean BMI of 29.7 kg/m 2  
(range, 20.0–44.6 kg/m 2 ) were included in the analysis. The observed EI from protein was 15.9 ± 0.6 % 
compared to recall at 15.6 ± 0.6 % ( p  < 0.02). Mean total observed EI was 2,214 ± 91 kcal compared to 
recall 2,376 ± 91 kcal ( p  < 0.05). These investigators found that the actual intake of women was within 
10 % of the recalled intake 95 % of the time. They concluded that the AMPM was an accurate method 
for 24-h recall of dietary intake. 

 Rumpler et al. [ 67 ] utilized the AMPM in 12 healthy volunteers to evaluate the degree of reporting 
error (under- or overreporting) in two 24-h recalls. They assumed the difference between the reported 
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(AMPM) and measured food intake as bias and were interested in determining both the average and 
variance in bias. The group mean difference in AMPM and measured food intake was found to be 
similar, but individual differences were observed. For example, the absolute within-person difference 
in reporting error averaged 18 % for protein, 23 % for carbohydrate, and 15 % for fat. They concluded 
that group estimates of macronutrients contained small average bias using the AMPM, but estimates 
for individuals may contain signifi cant bias and be less accurate. These investigators proposed that 
some of the bias may be related to how foods are grouped in the AMPM analysis and that foods pro-
ducing the greatest reporting error might be adjusted in the analysis.  

    Assessment of the FFQ 

 Studies performed to test the comparability of FFQ’s have shown that the FFQ’s correlate modestly 
with each other but vary on their correlations with the 24-h recall or the diet record. Wirfalt et al. [ 68 ] 
determined that the energy-adjusted correlation coeffi cient between a reduced Block FFQ and the 
mean of three 24-h recalls was 0.47 for dietary fat and carbohydrate intake, but not for the Willett 
FFQ. Likewise, neither FFQ appeared to be associated with the 24-h dietary recall for protein intake. 
Subar et al. [ 36 ] compared the DHQ, Block FFQ, and Willet FFQ to each other and to four 24-h 
recalls. In this study, the DHQ and the Block FFQ correlated moderately with the 24-h recalls ( r  = 0.5), 
but the Willett FFQ correlation to the 24-h recall was about 0.3–0.4. After adjusting to EI, all three of 
the FFQ’s had correlations of 0.5–0.6 with the 24-h recall [ 36 ]. 

 Comparison of the Willet FFQ to a 7-day diary indicated a correlation of approximately 0.3 for 
energy and protein between the two dietary intake assessment tools, which did not change signifi cantly 
when the data were energy adjusted (Spearman’s  ρ  ≈ 0.34) [ 69 ]. However, when the low-energy report-
ers were excluded, the correlation between the two tools decreased signifi cantly (Spearman’s  ρ  = 0.22).  

    Use of Biomarkers in Assessing Dietary Intake 

 A biomarker has been defi ned as “a characteristic that is objectively measured and evaluated as an 
indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a ther-
apeutic intervention” [ 70 ]. Biomarkers are recognized as useful in clinical trials for measuring effi -
cacy and, as such, play an important role in research as well as in clinical management. Dietary 
biomarkers serve as indicators of response to dietary intake and have been used to measure the accu-
racy of dietary intake assessment [ 71 ,  72 ]. Similar to the issues relating biomarkers to drug metabo-
lism, the correlation of biological levels (e.g., from tissue, blood, urine) of a dietary biomarker is 
dependent on individual variations in dietary intake, in the nutrient’s kinetic action, nutrient–nutrient 
interactions, biomarker selection, biomarker sample collection, analytic methods, accuracy of the 
dietary intake assessment tools and of dietary composition tables, and statistical handling of the data 
[ 38 ,  72 – 74 ]. 

 A biomarker is often considered a “gold standard”—however, the application of particular bio-
markers to dietary intake assessment must be well quantifi ed and understood. For example, the use of 
urine urea nitrogen (UUN) excretion is considered the biomarker for dietary protein intake (DPI). 
However, the use of UUN should also account for kidney function because the clearance of urea in 
people with kidney disease (not just kidney failure) is altered. Adjusting for this variation, however, 
is possible [ 75 ,  76 ] and increases the applicability for comparing UUN excretion to DPI in the 
population. 
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    Doubly Labeled Water and Urine Urea Nitrogen for Dietary Energy 
and Protein Intake Assessment 

 The AMPM and DHQ were used to assess dietary measurement error in the Observing Protein and 
Energy Nutrition (OPEN) study [ 37 ,  38 ]. Subjects ( n  = 484), aged 40–69, had three in-person visits 
over a period of 3 months where they completed the DHQ twice, provided two 24-h recalls (one 
at visit 1 and again at visit 3), were dosed with doubly labeled water at visit 1, and completed two 
24-h urine collections between visits 1 and 2 (9 days apart). Doubly labeled water is used to deter-
mine total energy expenditure (TEE), and UUN excretion is used to determine protein catabolism. 
In this study, approximately 21 % of men and women were under-reporters of EI using the 24-h recall 
(the AMPM), and 49 % were under-reporters using the DHQ. Similarly, about 12 % were under-
reporters of DPI using the AMPM and 35 % were under-reporters using the DHQ. Under-reporting of 
EI increased as BMI increased in both men and women but was less in the AMPM vs. the DHQ and 
was not apparent for DPI in the AMPM. These data suggest a greater accuracy of the AMPM than the 
DHQ for assessing dietary intake, that under-reporting is present in about 21 % of subjects, and that 
under-reporting increases at higher BMIs. 

 To further evaluate the ability of the AMPM to be used in large, diverse samples, Moshfegh et al. 
[ 77 ] studied 525 people between the ages of 30 and 69 years, with a BMI range of 18–44, over a 
7-week period. They compared the reported EI to TEE by using a doubly labeled water technique. The 
protocol consisted of three 24-h dietary recalls (one in-person interview and two telephone follow-up 
interviews interspersed across a 2-week period), one in-person visit where doubly labeled water was 
consumed, two more in-person visits where urine samples were collected, and a fi nal in-person visit 
where resting energy expenditure (REE) was measured. The EI/TEE was 100 % in normal weight 
men and 94 % in normal weight women. However, as weight increased (overweight to obese), this 
ratio decreased: 86 % and 80 %, respectively, in men and 85 % and 79 %, respectively, in women. 
More overweight and obese participants were found to be low EI reporters (19.4 and 34.0 % of men, 
24.7 and 35.3 % of women). The EI:REE was a mean of 1.43 for the sample with an average physical 
activity level of 1.61 (95 % CI: 1.15, 2.25). The investigators concluded that the AMPM is valid for 
evaluation of EI in group samples and extrapolation to the population level. They postulated that the 
reported EI by overweight and obese individuals could be accurate but not refl ective of TEE due to 
eating less on the days of 24-h recall since the subjects knew the schedule of the interview visits. 
Further studies need to be performed in overweight and obese subjects to improve the reporting or 
interpretation of reported dietary intake in these subgroups.  

   Plasma Ascorbic Acid, Carotenoids, and Vitamin A Levels for Assessing Dietary Intake 

 Evaluation of antioxidant status has used blood levels of vitamins C, E, and A to refl ect dietary and/
or supplement use [ 78 ]. However, the correlation of these nutrients to dietary intake is only modest. 
Correlation coeffi cients of 0.12–0.53 for blood levels of vitamin C and 0.1–0.5 for blood levels of 
carotenoids to dietary intake are typical [ 72 ,  78 ,  79 ].  

   Association of Serum Uric Acid Levels and Urinary Isofl avones with Dietary Intake 

 NHANES III (1988–1994) was used by Choi et al. [ 80 ] to evaluate the association of serum uric acid 
levels with dietary intake. They noted a positive association of serum uric acid level with increasing 
intake of meats and seafood and a negative association with increased intake of dairy foods. 

 Similarly, the NHANES (1999–2002) was used to demonstrate that urinary isofl avone levels could 
be used as a biomarker of isofl avone intake [ 81 ]. Adults reporting an average consumption of 3.1 mg/
day of dietary isofl avone had a geometric mean urinary isofl avone concentration of 5.0 ng/mL.    
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    Applications to Kidney Disease Settings 

 Dietitians working in kidney disease in the late 1970s and 1980s had a unique opportunity to learn 
about the usefulness of dietary intake assessment. A fi rst-of-its-kind national study was taking place 
in the relatively newly funded end-stage renal disease program. The National Cooperative Dialysis 
Study (NCDS) was funded to determine the effect of dialysis prescription on patient morbidity [ 82 ]. 
The NCDS is most renowned for the measurement and monitoring of the dialysis prescription (evolved 
to what is currently referred to as  Kt / V ) and its adequacy. But dietitians involved in the NCDS learned 
something in addition to monitoring the dialysis prescription—they learned how to monitor the dietary 
protein prescription. Dietitians working in the NCDS and hemodialysis units at this time were 
uniquely afforded an in-depth understanding of the intake and metabolism of dietary protein in people 
receiving chronic hemodialysis [ 75 ,  83 ]. These dietitians also learned that assessing DPI of dialysis 
patients is similar to pharmacokinetics. How so? Pharmacokinetics is basically a measurement of the 
time required for a drug to appear in the blood and its rate of disappearance. The NCDS was monitor-
ing how urea nitrogen was removed from the blood by dialysis and re-accumulated between dialysis 
sessions [ 82 ]. In stable patients, the accumulation of urea nitrogen between dialysis sessions was the 
result of dietary nitrogen intake. So even in people with no kidney function (and, therefore, no mea-
sureable urinary nitrogen excretion), it was possible to determine the DPI. This process became 
known as urea kinetics and protein catabolic rate (PCR) [ 82 – 84 ]. Researchers had the gold standard 
for DPI assessment in people with kidney disease—a biomarker. 

 As will be described in the sections below, the DPI of patients with kidney disease has been 
assessed in multiple reports and related to the PCR. However, no statistical adjustments for the distri-
bution of the DPI or PCR have been described to date in the CKD population, and these variables are 
known to have inter- and intrasubject variability. Only group means comparisons were available in the 
reports shown. Additionally, the EI comparison to basal metabolic rate (BMR) or to REE has rarely 
been described in this population. 

 The recommended dietary intake of people with kidney disease differs for some nutrients from that 
of healthy individuals [ 1 ,  4 ,  55 ]. Guidelines for kidney disease are based on the level of kidney func-
tion and the type of treatment for kidney replacement therapy [ 1 ,  4 ,  85 ]. Dietary assessment approaches 
as well as some recommendations follow in the sections below. 

    Acute Kidney Injury 

 Patients with acute kidney injury (AKI) are at risk for being in a hypercatabolic state, usually due to the 
underlying disease [ 86 – 89 ]. According to the Kidney Disease: Improving Global Outcomes (KDIGO) 
AKI work group, AKI is defi ned as an increase in serum creatinine ≥0.3 mg/dL within 48 h or increase 
in serum creatinine ≥1.5 times the baseline that is known to have occurred within the previous 7 days 
or a decrease in urine volume <0.5 mL/kg/h over 6 h [ 85 ]. AKI can be present well before acute kidney 
failure (AKF) occurs where renal replacement therapy (RRT) will be required. This is important 
because the dietary intake of people with early or milder AKI (e.g., not requiring RRT) may have a 
critical impact on their outcome. Additionally, a report on 309 cases of AKF indicated that approxi-
mately 58 % of the cases demonstrated moderate to severe malnutrition at the time of the AKF diagno-
sis, that 57 % of the cases were housed in the medical ward of the hospital (compared to 43 % in 
intensive care units), and that compromised nutritional status was associated with increased mortality 
in these cases [ 90 ]. Once the patient requires nutrition support, while important to provide adequate 
protein, energy, vitamins, and minerals to attenuate the hypercatabolism, the dietary intake assessment 
per se becomes an evaluation of the nutrition support provided and not the oral dietary intake. At this 
juncture, adjustments for kidney function and/or kidney replacement therapy should be applied. This 
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situation warrants evaluating the biomarkers of protein and energy metabolism to determine if adequate 
support is being provided [ 88 ,  89 ,  91 ]. Recent practice guidelines for AKI make four recommendations 
related to nutrition, but no recommendation was made regarding assessment of the adequacy of nutri-
tion support [ 85 ].  

    Chronic Kidney Disease 

 CKD encompasses the reduced or mild kidney dysfunction described by the NKF [ 92 ] as stages 1 and 
2 (or where solute fi ltration may be adequate but kidney damage is present from nephrocalcinosis or 
microalbuminuria, for example), moderate CKD (stages 3a and 3b [ 93 ], where kidney function is 
~30–60 % of normal), and severe CKD (stages 4 and 5, where kidney function is <30 % of normal or 
where dialysis is required to sustain life). These descriptions of the levels or stages of kidney function 
provide insight into the changes that might be necessary for altering dietary intake. The stages also 
identify that the assessment techniques will vary and become more complex as CKD advances. 

   Nondialysis CKD 

 A review of dietary assessment methods in nondialysis CKD identifi ed a mixture of methodologies 
for collecting, evaluating, and reporting dietary intake in CKD [ 43 ,  94 – 105 ]. 

   Small Studies 

 When dietitians examined the intake of people enrolling in trials to use diet as a method for preventing 
kidney disease progression, baseline data on DPI and DEI indicated variability in intakes (Table  3.5 ). 

   Table 3.5    Reported dietary protein and energy intake in nondialysis kidney disease assessed using diet records, prior 
to dietary intervention   

 Author   N  
 Dietary assessment 
method 

 Kidney function 
(mL/min) 

 Dietary protein 
intake (g/kg/day) 

 Dietary energy 
intake (kcal/kg/day) 

 Rotily et al. [ 95 ]  31  Willett FFQ  NR  1.22  28 
 Rotily et al. [ 95 ]  34  Willett FFQ  NR  1.22  22.9 
 Rotily et al. [ 95 ]  31  Willett FFQ  NR  1.40  30.7 
 Hansen et al. [ 96 ]  14  3-Day diary  94 a   1.2  29.6 
 Hansen et al. [ 96 ]  15  3-Day diary  92 a   1.1  30.8 
 Dussol et al. [ 97 ]  25  Willett FFQ  89 a   1.09  22.8 b  
 Dussol et al. [ 97 ]  22  Willett FFQ  82 a   1.00  21.3 b  
 Meloni et al. [ 98 ]  37  3-Day diary  44 a   1.52  37.8 b  
 Meloni et al. [ 98 ]  32  3-Day diary  48 a   1.6  38.0 b  
 Fassett et al. [ 99 ]  113  4-Day diary  41 c   0.9  21.4 
 Soroka et al. [ 100 ]  9  2-Day diary  31 c   0.93  27.7 
 Bernhard et al. [ 101 ]  26  3-Day diary  26 d   1.13  31.7 
 Mircescu et al. [ 102 ] e   53  3-Day diary  16 d   0.62 e   32.3 e  

   NR  not reported 
  a GFR measured as clearance of diethylene triamine penta-acetic acid 
  b Estimated from total dietary energy intake normalized to reported baseline body weight 
  c Calculated as clearance of creatinine 
  d Calculated as eGFR 
  e Patient selection was from a group already restricting dietary protein intake  
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Rotily et al. [ 95 ] performed dietary intake assessment in a group ( n  = 96) of idiopathic calcium stone 
formers using the Willett FFQ. The FFQ was used to assess baseline dietary intake. Urinary data were 
available from 24-h urine collections. Urinary GI alkali (the sum of gastrointestinal absorption of 
sodium, potassium, calcium, magnesium, and chloride with the product of phosphorus and a constant 
of 1.8) and urinary creatinine excretion had a signifi cant, positive correlation to animal protein intake 
from the FFQ ( r  = 0.54 and 0.50, respectively). Urinary potassium, oxalate, and calcium oxalate satu-
ration also correlated with animal protein intake ( r  = 0.44, 0.45 and 0.44, respectively). A signifi cant, 
negative correlation was seen between urinary oxalate excretion and DEI ( r  = −0.43). Whereas this 
was a small study, it depicted a relationship between dietary intake and urinary biomarkers of neph-
rolithiasis, which would be considered a group having stage 1 or stage 2 CKD.

   Evaluation of the dietary intake of 29 patients with insulin-dependent diabetic nephropathy used 
3-day diet records at baseline and at two 4-week intervals [ 96 ]. In this study, a relative difference in 
DPI correlated to relative change in albuminuria (Spearman’s  ρ  = 0.51,  p  < 0.01). 

 Dussol et al. [ 97 ] used the Willett FFQ to evaluate the dietary energy intake (DEI) and DPI of 47 
patients with type 1 or type 2 diabetes with nephropathy. Both DPI and PCR were measured, but no 
correlation was shown. The DPI vs. PCR at baseline in the usual protein intake group was 1.13 vs. 
1.09 g/kg/day (a 3.7 % error); at month 12, 1.18 vs. 1.1 (a 7.3 % error); and at month 24, 1.03 vs. 1.02 
(<1 % error). The DPI vs. PCR at baseline in the low protein group was 1.08 vs. 1.0 g/kg/day (8 % 
error); at month 12, 1.02 vs. 0.84 (21 % error); and at month 24 was 1.10 vs. 0.87 (21 % error). 

 Fassett et al. [ 99 ] evaluated dietary intake using a 4-day diet record (including 1 weekend day) in 
113 patients with CKD entering the Lipid lowering and Onset of Renal Disease (LORD) trial. The 
diary instructions included pictorial references to portion sizes of commonly consumed foods to aid 
in accuracy. The diary was to be recorded prospectively but “as close to their next pathology visit as 
possible”—3 months from the time that diary instructions were provided [ 99 ]. Valid reporting was 
assessed as a ratio of the EI to estimated REE of 1.27. This study determined that 70.8 % of subjects 
underreported their EI. No mention of adjustment for intrasubject variability was indicated in this 
report, and no PCRs were available for assessing the accuracy of the DPI recording. 

 Bernhard et al. evaluated a 3-day diary and compared DPI to protein nitrogen appearance (PNA; 
1.13 vs. 1.11 g/kg/day; a <2 % error) at baseline [ 101 ]. 

 Mircescu et al. utilized a 3-day food diary every 2 weeks during a 12-week baseline phase prior to 
randomizing subjects to a low protein vs. very low protein diet with ketoacid analogs [ 102 ]. The base-
line phase was used to assess compliance (±10 % of recommended DPI and DEI) prior to randomiza-
tion. The authors only report on those subjects who qualifi ed (57/167 evaluated) to be randomized.  

   Large Cohort and Cross-Sectional Studies 

 The Block FFQ was used to estimate usual dietary intake at baseline over the previous year in the 
Multiethnic Study of Atherosclerosis [ 43 ]. Foods were grouped to estimate the effect of animal vs. 
plant foods on microalbuminuria in people with eGFR <60 mL/min compared to ≥60 mL/min. 
Participants were excluded if they had known cardiovascular disease or diabetes. People consuming a 
diet high in low-fat dairy foods or a pattern of high intake of whole grains and fruits had indepen-
dently lower odds for microalbuminuria and a lower urinary albumin-to-creatinine ratio. These base-
line data also indicated that people consuming a diet high in nondairy animal products had a higher 
mean albumin-to-creatinine ratio. 

 Data from NHANES 2001–2008 have recently been evaluated to determine the mean dietary intake of 
people with CKD [ 103 – 105 ]. NHANES used the AMPM for dietary intake assessment [ 19 ], and the 
authors applied the MDRD equation for estimating kidney function and staged the kidney function 
according to the NKF criteria [ 92 ,  106 ]. Mean DEI and DPI were lower in those with CKD compared to 
those without CKD, even after adjusting for age. Evaluations of the difference from recommended intakes 
require additional analyses of the intra- and intersubject distributions and have not been completed as yet.   
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   Dialysis 

   The FFQ in Dialysis 

 The Willett FFQ was used to evaluate the dietary intake in a group of hemodialysis patients who were 
awaiting kidney transplantation [ 26 ,  107 ]. No statistical comparisons of the FFQ results were made 
with biomarkers measured (body composition, serum lipids, PCR). The investigators indicated that 
since the FFQ was an estimate of long-term dietary intake and the PCR was a near-term assessment, 
it would be inappropriate to compare the two. Instead, they used the FFQ and biomarkers to demon-
strate, separately, the differences in dietary intake and body composition between normal weight, 
overweight, and obese individuals on chronic hemodialysis waiting for kidney transplantation. 

 Recently, a dialysis-specifi c FFQ has been developed using the Block FFQ methodology [ 94 ,  108 , 
 109 ]. Researchers accessed information from a subset of hemodialysis patients participating in the 
Nutrition and Infl ammation in Dialysis Patients (NIED) cohort study in Southern California to develop 
the Dialysis-FFQ. Participants maintained a 3-day diet record that included the last dialysis day of the 
week and two subsequent days. Paper records were reviewed with the participants by a trained dieti-
tian and converted to electronic data where food items were ranked according to types of foods and 
nutrients provided. The Dialysis-FFQ is a 100-item questionnaire, estimated to take 30–40 min to 
complete and intended to represent the food intake during the previous 3-month period.    It can be 
accessed through NutritionQuest.com (Berkley, CA) [ 110 ] and is available as either a scannable, 
paper, or electronic form. This hemodialysis-specifi c FFQ was developed in a target population con-
sisting of mostly ethnic minorities (43 % were African American and 38 % were Hispanic) and should 
be tested in broader hemodialysis populations for wider validity. However, the process represents an 
important step in gathering representative usual intake of hemodialysis patients.  

   Diet Records in Dialysis 

 Diet records or diaries have been utilized in several dialysis studies. The NCDS used a dietary intake 
record to compare the DPI to the calculated PCR and to compare phosphorus and potassium intake to 
DPI [ 82 ,  111 ]. At that time (ca. 1978), a mixed diet from 683 diet records indicated a strong correla-
tion of dietary phosphorus to DPI ( r  = 0.847) and of dietary potassium to DPI ( r  = 0.754). Whether 
these correlations would hold in today’s mixed diet (given that an increased number of foods may 
have added phosphorus [ 112 ,  113 ]) would need to be determined. However, this was useful informa-
tion at the time in that it supported the decision to use urea as the surrogate biomarker for dialysis 
adequacy; urea is a reliable marker of protein catabolism, and protein intake is correlated to phospho-
rus and potassium intake. Subjects in the NCDS maintained 5-day food records (including a weekend) 
at fi ve different time points during the 1-year study [ 111 ]. The correlation of DPI to PCR in the NCDS 
study was 0.443,  p  < 0.01. 

 More recently, the HEMO study utilized annual 2-day diet diary-assisted recalls that included 1 
dialysis day and 1 nondialysis day over the 7-year study period in 1,397 maintenance hemodialysis 
patients [ 114 ,  115 ]. The diet was recorded by the patient, reviewed with the dietitian, and then ana-
lyzed for energy and protein. In this study, the DPI correlated with the PCR ( r  = 0.17,  p  < 0.0001) but 
not to serum albumin, creatinine, or cholesterol. However, no statistical relationship was evident 
between DPI and PCR for the group of people age 50–64 years. 

 Chauveau et al. [ 116 ] compared dietary recall of DPI to PCR in 99 maintenance hemodialysis 
patients using a 7-day record. Subjects maintained the food record and reviewed them with a dietitian 
during dialysis sessions. The correlation of DPI to PCR increased during the week ( r  2  = 0.26, 0.49, 
0.57 for the fi rst, second, and third dialysis sessions, respectively).   
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   Transplantation 

   The FFQ in Kidney Transplantation 

 Guida et al. [ 117 ] have reported use of the Willett FFQ in kidney transplant recipients during the fi rst 
year posttransplant. The FFQ was completed at baseline (time of transplant surgery) and at 1-year 
posttransplant. Adherence was assessed as having 90 % compatibility between the FFQ and the diet 
recommendations during the fi rst 90 days posttransplant. For analytical purposes, those considered 
nonadherent were compared to the group having success with the dietary protocol. Biomarkers of 
urinary excretion of sodium and urea from 24-h urine collections were used to confi rm fi ndings (data 
not shown). DEI, DPI, and dietary sodium were decreased or maintained in the compliant group com-
pared to increases in the noncompliant group. These results were confi rmed by decreased body weight 
in the compliant group vs. increased body weight in the noncompliant group.  

   Diet Records in Kidney Transplantation 

 A 3-day food record was used to determine baseline dietary intake in a prospective study of the effect 
of dietary changes on serum lipid profi le in a group of 23 male and female stable kidney transplant 
recipients [ 118 ]. Decreasing the dietary fat intake from 41 to 33 % of total energy consumed was 
associated with a signifi cant reduction (13 %,  p  < 0.01) in serum total cholesterol levels in men over a 
6-month period, but not in women. 

 Evaluation of 44 stable kidney transplant recipients, using 3-day food record (including 1 weekend 
day) maintained at four time points during the fi rst year posttransplant, identifi ed that women increased 
their DPI and DEI signifi cantly compared to no change over the year in men [ 119 ]. This dietary 
change was accompanied by a mean increase in BMI by 1.9 kg/m 2  in women (a mean weight gain of 
5.4 kg or 10.6 %). Whole body bone densitometry indicated a 12 % mean increase in body fat mass, 
a 7 % increase in lean body mass, and a 1.4 % increase in bone mass in these women over the year, 
while men had a signifi cant reduction in mean body fat mass (8 %) and bone mass (2.3 %) and a 1 % 
increase in lean body mass (not signifi cant). 

 A 7-day diet record was maintained by 106 stable kidney transplant recipients (with abnormal 
glucose tolerance) at the time of transplantation and at 1 and 2 years posttransplantation [ 120 ]. Three 
random days from each food record (including 1 weekend day) were used for the dietary intake 
assessments. Subjects were randomized to receive either aggressive risk factor modifi cation for coro-
nary vascular disease or standard posttransplant care. No correlations to biomarkers were reported.     

    Recommendations for Kidney Disease 

 The concepts relating dietary intake assessment methodologies and correlation to biomarkers or out-
comes in the general population are useful for evaluating these tools in kidney disease. The presenta-
tion of information provided in this chapter from the kidney disease literature outlines areas where 
improvement or alternate methodologies may be considered, such as:

•    Apply the statistical methodologies suggested for accounting for dietary intake distribution and 
determine the characteristics of patients with kidney disease who are at risk for inadequate intake 
using these methods.  

•   Evaluate the level of DPI, DEI, or other nutrients that is associated with malnutrition or other out-
comes in this population using current dietary assessment tools and methodologies.  
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•   Assess the effi cacy of multiple days and multiple methods of intake assessment when evaluating 
dietary intake in individuals and/or groups of people with CKD (by stage of CKD).  

•   Determine the utility of available data sets for answering some of the questions regarding dietary 
intake assessment in CKD using new statistical approaches or queries that were not assessed in the 
original evaluation of the data sets to provide further insight for future trials.    

 As new research agendas are considered, it is important to express appreciation for all of the effort 
and expense provided by individual investigators, kidney disease programs and centers, and the 
patients who offer themselves to this work. Their efforts have helped to defi ne and design the research 
that has and will answer many questions in kidney disease.     
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 An adequate nutritional status is inherent to an optimal level of health. In continuing illness states, 
such as chronic kidney disease (CKD), there is a signifi cant interdependence between both. Nutritional 
status infl uences the disease process and its comorbidities. Renal failure and its management may 
have a negative impact on nutritional status thereby creating a vicious cycle. Thus, monitoring nutri-
tional status and body composition is imperative to the appropriate management of CKD [ 1 ]. 

 Anthropometry is the science that defi nes the size, form, and proportion of the human body and its 
regional components. A fundamental concept in its application is the intimate relationship between 
morphology and functional capacity. Anthropometry is an integral element of forensics, biomechan-
ics, and ergonomics. Currently, anthropometry is used in the assessment of nutritional status, body 
composition, and classifi cation of disease risk. It is also employed to assess the impact of genetics, the 
environment, and stress on the human physique. 

    Chapter 4   
 Anthropometric Assessment in Kidney Disease 

           Francis     Dumler     

        F.   Dumler ,  M.D. (*)      
  Division of Nephrology, Department of Medicine ,  Oakland University William Beaumont School of Medicine, 
William Beaumont Hospital-Royal Oak ,   3535 W. 13 Mile Road, Suite #604 ,  Royal Oak ,  MI   48073 ,  USA   
 e-mail: FDUMLER@beaumont.edu  

 Key Points 

•     Understand the importance of anthropometry as a practical and simple tool for quantifi cation of 
body composition.  

•   Become familiar with body measurements at the core of the evaluation of clinical nutritional status 
using anthropometry.  

•   Develop a better understanding of body mass index, its limitations, and available alternatives for 
better discrimination between muscle and fat components of body mass.  

•   Use of anthropometric parameters for evaluating the risk of cardiovascular disease and progression 
of renal insuffi ciency in chronic kidney disease patients.  

•   Provide selective tables from the Anthropometric Reference Data for Children and Adults  published 
by the National Health Statistics Reports as an Appendix.  

•   Inclusion of a reference textbook on body composition assessment using anthropometric  techniques 
in the reference list for those needing in-depth information.    
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 There is a relationship between body dimensions and its composition, particularly fat, and to a 
lesser extent, muscle mass. Body fat and muscle content can be measured by more accurate methods 
including underwater weighing, total body potassium counting, dual-energy X-ray absorptiometry, 
computed tomography (CT), and magnetic resonance imaging (MRI) [ 2 ]. 

 A comprehensive description of anthropometric techniques is beyond the scope of this chapter. 
There are two excellent sources describing these techniques in great detail: the National Health and 
Nutrition Examination Survey (NHANES) Anthropometry Manual [ 3 ] and the second edition of 
Applied Body Composition Assessment [ 4 ]. The dimensional components of classic anthropometry 
include weight, height, skinfold thickness, circumferences, and bone breadths. Standardized sites for 
these measurements are shown in Tables  4.1 ,  4.2 ,  4.3 , and  4.4 . A variety of computed measurements 
may be derived from the primary data using population specifi c (linear) or generic (quadratic) equa-
tions [ 5 ,  6 ]. By convention, all measurements are made on the right side of the body. Limb amputa-
tion, disease, malformation, or a functioning arteriovenous access will require taking measurements 
on the opposite side. All measures should be done posttreatment in dialysis patients.

      Anthropometric methods have been used in large-scale studies, such as the NHANES III [ 7 ]. The 
availability of these data provides the clinician with a reference frame when evaluating individual 
patients. More relevant to CKD, anthropometry was a signifi cant component of both the Modifi cation 
of Diet in Renal Disease (MDRD) and the Hemodialysis (HEMO) clinical trials [ 8 ,  9 ]. Based on these 
studies, it is suggested that weight, height, subcapsular and triceps skinfolds, arm, and calf circumfer-
ence be part of the nutrition evaluation in CKD patients. 

    Table 4.1    Standardized sites for skinfold measurements   

 Site  Fold direction  Anatomical reference  Measurement 

 Chest  Diagonal  Axilla and nipple  Fold taken between axilla and nipple as high as possible 
 Subcapsular  Diagonal  Inferior angle of 

scapula 
 Fold taken along natural cleavage line of skin below 

inferior angle of scapula 
 Midaxillary  Horizontal  Xiphisternal junction  Fold taken on midaxillary line at level of xiphisternal 

junction 
 Suprailiac  Oblique  Iliac crest  Fold taken posteriorly to midaxillary line and superiorly 

to iliac crest along natural cleavage of skin 
 Abdominal  Horizontal  Umbilicus  Fold taken 3 cm lateral and 1 cm inferior to center of 

umbilicus 
 Triceps  Vertical 

(midline) 
 Acromial process of 

scapula and 
olecranon process 
of ulna 

 Distance between lateral projection of acromial process 
and inferior margin of olecranon process measured 
on lateral aspect of arm with elbow fl exed 90°. 
Midpoint is marked on lateral side of arm. Fold is 
lifted 1 cm above marked line 

 Biceps  Vertical 
(midline) 

 Biceps brachii  Fold is lifted over belly of the biceps brachii at the level 
marked for the triceps and on line with anterior 
border of the acromial process and the antecubital 
fossa 

 Thigh  Vertical 
(midline) 

 Inguinal crease 
and patella 

 Fold is lifted on anterior aspect of thigh midway 
between inguinal crease and proximal border of 
patella. Body weight is shifted to left foot 

 Calf  Vertical 
(midline) 

 Maximal calf 
circumference 

 Fold is lifted at level of maximal calf circumference on 
medical aspect of calf with knee and hip fl exed 90° 

  Adapted from Heyward VH, Wagner DR. Applied Body Composition Assessment. Chapter 4: Skinfold Method p. 58, 
Champaign, IL: Human Kinetics, 2004  
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   Table 4.2    Standardized sites for circumference measurements (trunk)   

 Site  Anatomical reference  Position  Measurement 

 Neck  Laryngeal prominence  Perpendicular  Measure just inferior to laryngeal prominence 
(Adam’s apple) 

 Shoulder  Deltoid muscles and 
acromion processes 
of scapula 

 Horizontal  Apply tape snugly over maximum bulges of the 
deltoid muscles, inferior to acromion 
processes. Record measurement at end of 
normal expiration 

 Chest  Fourth costosternal joints  Horizontal  Apply tape snugly around the torso at level of 
fourth costosternal joints. Record at end of 
normal expiration 

 Waist  Narrowest part of torso, 
level of the “natural” 
waist between ribs 
and iliac crest 

 Horizontal  Apply tape snugly around the waist at level of 
narrowest part of torso. An assistant is needed 
to position tape behind the client. Take 
measurement at end of normal expiration 

 Abdominal  Maximum anterior 
protuberance of 
abdomen, usually 
at umbilicus 

 Horizontal  Apply tape snugly around the abdomen at level of 
greatest anterior protuberance. An assistant is 
needed to position tape behind the client. Take 
measurement at end of normal expiration. 

 Hip (buttocks)  Maximum posterior 
extension of buttocks 

 Horizontal  Apply tape snugly around the buttocks. An 
assistant is needed to position tape on 
opposite side of body 

  Adapted from Heyward VH, Wagner DR. Applied Body Composition Assessment. Chapter 4: Additional Anthropometric 
Methods p. 69, Champaign, IL, Human Kinetics, 2004  

   Table 4.3    Standardized sites for circumference measurements (limbs)   

 Site  Anatomical reference  Position  Measurement 

 Arm (biceps)  Acromion process of 
scapula and 
olecranon process 
of ulna 

 Perpendicular to long 
axis of arm 

 With arms hanging freely at sides and palms 
facing thighs, apply tape snugly around the 
arm at level marked for triceps and biceps 
skinfolds 

 Forearm  Maximum girth of 
forearm 

 Perpendicular to long 
axis of forearm 

 With arms hanging down and away from trunk 
and forearm supinated, measure the 
maximum girth of the proximal part of the 
forearm 

 Wrist  Styloid processes of 
radium and ulna 

 Perpendicular to long 
axis of forearm 

 With elbow fl exed and forearm supinated, 
measure just distal to the styloid processes 
of the radius and ulna 

 Thigh 
(proximal) 

 Gluteal fold  Horizontal  Measure around thigh just distal to gluteal fold 

 Thigh (mid)  Inguinal crease and 
proximal border 
of patella 

 Horizontal  With knee fl exed 90° (right foot on bench), 
measure at level between inguinal crease 
and proximal border of patella 

 Thigh (distal)  Femoral epicondyles  Horizontal  Measure proximal to the femoral epicondyles 
 Knee  Patella  Horizontal  Measure around the knee at mid-patellar level 

with knee relaxed in slight fl exion 
 Calf  Maximum girth of 

calf muscle 
 Perpendicular to long 

axis of leg 
 Measure maximum girth of calf while sitting on 

end of table with legs hanging freely 
 Ankle  Malleoli of tibia 

and fi bula 
 Perpendicular to long 

axis of leg 
 Measure minimum circumference of leg, just 

proximal to the malleoli 

  Adapted from Heyward VH, Wagner DR. Applied Body Composition Assessment. Chapter 4: Additional Anthropometric 
Methods p. 70. Champaign, IL: Human Kinetics, 2004  
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    Weight and Height Measurements 

 Body weight usually varies less than 0.5–1 % within a period of 6–10 weeks [ 10 ]. A change of 5 % 
or more suggests a gain/loss of water or tissue mass. A 10 % or greater loss of body weight over a 
6-month period is considered clinically signifi cant and warrants full evaluation. Body weight is 
 measured with a physician’s scale calibrated to 0.1 kg. 

 Body height is best measured standing up with a straight back and neck using a height meter or 
stadiometer. A bar attached to the scale may be used if none is available. For patients having diffi cul-
ties standing straight, those with spine curvatures, and those unable to stand, alternative measures are 
taken to derive an estimate of body height. These include knee height or arm span. Knee height is 
measured sitting down with the knee at 90° using a caliper under the sole and the blade moved up to 
2 in. posterior to the knee cap. Arm span is measured from the tip of the longest fi nger on each hand 
while standing erect against a wall with arms fully stretched horizontally [ 11 ]. Of note, knee height 
and arm span change very little with age and should be used in the elderly when appropriate [ 12 ]. 

   Table 4.4    Standardized sites for bony breadth measurements   

 Site  Anatomical reference  Position  Measurement 

 Biacromial 
(shoulder) 

 Lateral borders 
of acromion 
(scapula) 

 Horizontal  Position: standing, arms hanging vertically, shoulders 
relaxed, downward, and slightly forward. Apply 
blade tips to lateral borders of acromion 
processes. Measure from the rear 

 Chest  Sixth ribs on 
midaxillary line 

 Horizontal  Position: standing with arms slightly abducted. 
Apply blade tips on the sixth ribs at the midaxil-
lary line. Measure at end of normal expiration 

 Bi-iliac  Iliac crests  45° downward 
angle 

 Position: standing, arms folded across the chest, 
apply blade tips at a 45° downward angle, at 
maximum breadth of iliac crest. Measure from 
the rear 

 Bitrochanteric  Greater trochanter 
of femur 

 Horizontal  Position: standing, arms folded across the chest. 
Apply blade tips with considerable pressure to 
compress soft tissues. Measure maximum 
distance between trochanters from the rear 

 Knee  Femoral 
epicondyles 

 Diagonal or 
horizontal 

 Position: sitting and knee fl exed to 90°. Apply blade 
tips fi rmly on lateral and medial femoral 
epicondyles 

 Ankle 
(bi-malleolar) 

 Malleoli of tibia 
and fi bula 

 Oblique  Position: standing and weight evenly distributed. 
Apply blade tips to the most lateral part of lateral 
malleolus and most medial part of medial 
malleolus. Measure from the rear at an oblique 
plane 

 Elbow  Epicondyles of 
humerus 

 Oblique  Position: elbow fl exed 90°, arm raised to the 
horizontal, forearm supinated. Apply blade tips 
fi rmly to the medial and lateral humeral 
epicondyles at an angle that bisects the right 
angle at the elbow 

 Wrist  Styloid process of 
radius and ulna 
(snuff box) 

 Oblique  Position: elbow fl exed 90°, upper arm vertical and 
close to torso, forearm pronated. Apply blade tips 
fi rmly at an oblique angle to the styloid processes 
of the radius (at proximal part of anatomical snuff 
box) and ulna 

  Adapted from Heyward VH, Wagner DR. Applied Body Composition Assessment. Chapter 4: Additional Anthropometric 
Methods p 71. Champaign, IL, Human Kinetics, 2004  
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 The relationship between weight and stature most commonly used is the body mass index (BMI) 
expressed as kg/m 2 . It is related to overall body fat content (thinness or thickness) but is not a measure 
of percent body fat. Furthermore, it does not take into account body shape. For the same weight and 
height, an individual may have relatively more muscle and less fat mass than another with more fat 
and less muscle mass. Yet, in both circumstances BMI will be the same. Body fat in different parts of 
the body may have different biology. This has led to consider other measures that may better relate to 
body shape (hence distribution of fat and muscle mass). These include waist circumference, waist-to- 
hip ratio, and conicity index [ 13 – 15 ]. 

 Waist circumference is a surrogate for abdominal obesity and visceral adipose tissue. Waist cir-
cumference is strongly associated with visceral fat in patients with CKD [ 16 ]. However, others have 
found waist circumference to be poorly correlated with visceral adipose tissue as measured by com-
puted tomography in non-dialysis CKD patients [ 17 ]. There is a direct correlation between waist cir-
cumference and C-reactive protein [ 18 – 20 ]. Studies suggest that increased visceral but not 
subcutaneous fat is independently associated with risk of progression of CKD, cardiovascular events, 
and all-cause mortality [ 21 – 25 ]. The predictive value of triglycerides and cholesterol for survival and 
atherosclerotic complications in hemodialysis patients is dependent on waist circumference [ 26 ]. 

 In a study of overweight patients with hypertension, abdominal obesity persisted as a risk factor 
even after adjustment for dyslipidemia, elevated blood glucose levels, and other variables associated 
with renal insuffi ciency. Even after adjustment for multiple covariates including BMI, higher mortal-
ity rates were noted for all waist circumference categories compared with the reference population 
[ 27 ]. These fi ndings suggest that waist circumference may be a simple and inexpensive tool to be used 
in epidemiological studies. Because waist circumference is a function of both height and abdominal 
fat, some recommend factoring by height or height square for a tighter correlation to cardiovascular 
risk factors [ 28 – 30 ]. 

 The predictive value of waist-to-hip ratio has also been evaluated in several studies. Waist-to-hip 
ratio, but not BMI, is related to cardiac events in patients with CKD. In the general population there 
is an association between waist-to-hip ratio, but not BMI, and incident CKD and mortality [ 21 ,  31 ]. 
Abdominal adiposity measured as waist circumference or waist-to-hip to ratio, irrespective of general 
adiposity, is a more important determinant of CKD risk in adults than BMI [ 21 ,  32 – 34 ]. Relying 
exclusively on BMI may underestimate the importance of obesity as a risk factor for developing kid-
ney disease and as a cardiovascular disease risk factor in patients with established CKD. 

 The conicity index is a measure of visceral fat that evaluates the deviation from a cylindrical shape 
to a double cone shape with a common base at the waist [ 14 ]. The conicity index is an independent 
predictor of systemic infl ammation, cardiovascular risk, and glomerular fi ltration rate in pre-dialysis 
patients [ 35 ]. However, this may not hold in the general population. In the Framingham study, obesity 
measured by BMI, but not the conicity index, was an important risk factor for coronary heart disease 
in men and women and for mortality in women.  

    Skinfold and Circumference Measurements 

 Skinfold thickness has been extensively used for estimation of fat mass. The thickness at a given loca-
tion is assumed to be the sum of the two layers of skin and the subcutaneous mass contained in 
between (Table  4.1 ). Single or multiple sites may be selected depending on need and circumstances 
[ 3 ]. The summation of skinfold thickness values provides an assessment of subcutaneous fat content. 
The internal adipose component is derived from the abdominal circumference. Results are comparable 
to those obtained by CT and MRI at selected sites. Discrepancies in other areas are attributed to irregu-
lar fat tissue deposition or distortion from the supine position during CT or MRI data acquisition [ 36 ]. 

4 Anthropometric Assessment in Kidney Disease
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 The distribution of subcutaneous and visceral fat is similar within each gender. About 30–50 % of 
body fat is located in the subcutaneous compartment. Visceral body fat distribution varies consider-
ably between body compartments. Age is an independent predictor of body density in both genders. 
Older individuals with similar body density have proportionally less subcutaneous fat than younger 
ones. As individuals gets heavier, subcutaneous fat increases while visceral fat decreases. This high-
lights the importance of using appropriate reference standards [ 37 ]. 

 Mid-arm, mid-thigh, and mid-calf circumferences, when combined with skinfold thickness, allow 
estimation of skeletal muscle mass. This measurement can be further refi ned by making adjustments 
for bone thickness. Muscle mass measured by anthropometry may be expressed as muscle area or 
circumference. Fat-free mass decreases with aging due to loss of skeletal muscle and visceral organs 
tissues. Geriatric-based equations are therefore recommended when evaluating an older population [ 4 ].  

    Somatogram 

 This method compares the circumferences from muscular (shoulders, chest, arm, forearm, thigh, and 
calf) and nonmuscular sites (abdomen, hip, knee, wrist, and ankle) to the corresponding reference 
values. The relative deviation (%) is graphed to visually display proportionality. This is particularly 
useful when assessing an individual over time. A simple Excel spreadsheet may be used for the full 
calculation and graphic presentation [ 38 ].  

    Frame Size 

 There is a direct relationship between skeletal breaths and the bone and muscle components of the free 
mass. Estimation of frame size using skeletal breaths can help differentiate a higher weight due to a 
larger musculoskeletal mass from that a larger fat mass. Previous studies have shown that wrist, ankle, 
and elbow breaths are a good predictor of frame size [ 39 ]. Frame size may be helpful in determining 
if a higher body weight is related to greater bone and muscle mass rather than increased fat content.  

    Somatotyping 

 This method uses anthropometric measurements to score endomorphy (fat), mesomorphy (muscle), 
and ectomorphy to establish a proportionality between weight and height. Measured parameters 
include body height and weight, skinfold thickness (triceps, subcapsular, suprailiac, and calf), muscle 
circumference (mid-arm and mid-calf), and bony width (humerus and femur). A rating for each com-
ponent is calculated from a score card or using a computer program. Scores are then plotted into an 
 X – Y  plot (somatochart) that allows allocation to one of seven categories [ 40 ].  

    Reference Data 

 As described earlier, availability of adequate reference standards is critical to the correct application 
and interpretation of anthropometry in evaluation nutritional status and body composition. The 
NHANES III provides the most comprehensive dataset [ 7 ,  37 ]. Anthropometric measurements were 
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obtained from 19,593 survey participants and included weight, height, recumbent length, 
 circumferences, limb lengths, and skinfold thickness measurements. The Anthropometric Reference 
Data for Children and Adults published by the National Health Statistics Reports includes weighted 
population means, standard error of the means, and selected percentiles of body measurement values. 
As measurements vary by sex, age, and ethnicity or race, results are reported by subgroups [ 37 ]. 

 Many anthropometry techniques and methodologies have been described in this chapter. However, 
from a clinical perspective the most signifi cant components are weight, height, skinfold thickness, and 
limb circumferences. These measurements are easy to obtain and have been used in the MDRD and 
HEMO studies, and the reference population is well defi ned by the NHANES III dataset. Individual 
patient percentiles can be easily assigned from the reference tables [ 37 ].  

    Summary 

 Anthropometry is one of the oldest approaches for quantifying body composition. It is the most practi-
cal tool for use in the fi eld and clinical settings. It provides an index of nutritional status and risk for 
malnutrition. In addition, it is a useful instrument for evaluating the risk potential for developing 
kidney and cardiovascular disease, progression of kidney failure, morbidity, and mortality. Finally, 
anthropometry is a serial simple, inexpensive, and noninvasive way of monitoring nutritional status, 
risk assessment, and response to treatment strategies.     
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    Introduction 

 Suboptimal nutritional status is common in people in the latter stages of chronic kidney disease (CKD) 
and is associated with increased morbidity and mortality and higher health care costs. Data from the 
Modifi cation of Diet in Renal Disease (MDRD) study demonstrated that protein–energy nutritional 
status deteriorates as glomerular fi ltration rate (GFR) declines [ 1 ,  2 ]. Frank protein–energy malnutri-
tion (PEM) prior to initiation of dialysis was fairly rare, but evidence of deteriorating nutritional 
intake was common as kidney function declined. Among people receiving dialysis, depending on the 
nutritional assessment parameters chosen and thresholds used for identifying defi cits, the literature 
reports 18–75 % of people receiving maintenance dialysis have evidence of protein defi cits [ 1 ]. 
Measures of nutritional status generally deteriorate with time in patients with Stage 5 kidney disease, 
even in the presence of excellent dialytic care and close nutritional monitoring and interventions [ 3 ]. 
Nutritional status is an important predictor of increased hospitalization rate, hospital days, and mor-
tality. Therefore, assessing and optimizing nutritional status is important to improve patients’ quality 
of life, optimize clinical outcome, and help control cost of care. 

    Chapter 5   
 Biochemical Nutritional Assessment in Chronic Kidney 
Disease 

           David     B.     Cockram     

        D.  B.   Cockram ,  Ph.D., R.D.      (*) 
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 Key Points 

 This chapter will enable the reader to:

•    Discuss the role of biochemical parameters as a component of a comprehensive nutritional 
assessment.  

•   Identify the biochemical parameters and the recommended frequency of measurement suggested 
in the KDOQI nutrition guidelines and International Society of Renal Nutrition and Metabolism 
consensus conference for routine, confi rmatory, and screening testing.  

•   List the strengths and weaknesses of various biochemical tests in the CKD population.    
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 The role of nutrition assessment is to describe a patient’s nutritional status from a variety of 
 perspectives to guide individualization of nutrition therapies. Nutrition assessments are comprised of 
several evaluations, including anthropometric measurements, biochemical testing, a clinical profi le, 
and an evaluation of dietary adequacy and habits. The clinician integrates these data to determine 
adequacy of acute and chronic nutritional intake in relation to requirements, to determine the need for 
nutrition therapy, and to guide and monitor responses to therapeutic nutrition interventions. 

 Nutrition assessments, and the optimal assessment methodologies, vary depending on the objective 
of the assessment. For screening purposes, simple evaluations that require minimal patient involve-
ment and limited training for the person making the assessment can be used to prioritize patients for 
a more in-depth assessment. At the other extreme, research assessment tools typically provide very 
high precision at the cellular or elemental level but tend to be more invasive, require more patient 
cooperation and highly trained dietetic support. Clinically useful nutrition assessment techniques bal-
ance precision, staff time, and patient effort required to provide appropriate levels of detail. The objec-
tive of the nutrition assessment, and the availability of appropriate population-specifi c reference data, 
needs to be understood to select appropriate techniques. 

 In 2008, the International Society of Renal Nutrition and Metabolism (ISRNM) published recom-
mendations for terminology describing malnutrition in people with kidney disease [ 4 ]. The term 
“protein- energy wasting” was recommended to describe the combination of low serum proteins, 
decreasing/low body mass, and decreasing/low muscle mass. This phenomenon is frequently observed 
in people with CKD but may not necessarily be directly caused by the CKD. In contrast, when these 
symptoms occur due to kidney disease, the consensus panel recommended use of the term “kidney 
disease wasting” instead. Malnutrition refers to abnormalities induced by an inadequate diet, specifi -
cally excess or insuffi cient intake relative to nutritional requirements. Unlike malnutrition, which is 
typically responsive to dietary interventions, wasting is not corrected solely by dietary modifi cation. 
In addition to potentially inadequate intake, wasting typically develops in the presence of infl amma-
tion, acidosis, or both, either of which can impair protein synthesis and anabolism. Both biomarkers 
associated with infl ammation and malnutrition correlate with increased relative risk of mortality. 
However, the relative contributions of malnutrition and infl ammation on mortality are diffi cult to 
distinguish because biomarkers for each, as well as causes of death associated with them, are 
similar. 

 This chapter includes discussions of biochemical nutritional assessment techniques for use in 
screening, for routine clinical, and for research purposes. A number of common biochemical nutrition 
assessment parameters are abnormal in many people with CKD. Biochemical testing has the advan-
tages of being objective, requiring minimal patient cooperation, and many measures are commonly 
available to clinicians. Currently, biochemical testing is the only clinically practical way to help iden-
tify the presence of malnutrition, infl ammation, or both in people with CKD.  

    Biochemical Assessment of Nutritional Status 

 Biochemical assessment of nutritional status offers the advantages of being readily available in most 
clinical settings, objectivity, and it requires only minimal patient cooperation. Although it is convenient 
for clinicians, especially for screening purposes, biochemical assessment by itself can rarely be used as 
the sole means of determining nutritional status. Integrating anthropometric and dietary data, as well as 
the patient’s clinical profi le along with the biochemical data, is needed to fully evaluate an individual’s 
nutritional status. CKD and dialysis procedures each can infl uence nutritional status, limiting nutrient 
intake due to anorexia, dietary restrictions, socioeconomic constraints, or impaired gastrointestinal 
motility. In addition, CKD also exerts an indirect effect on nutritional status by increasing requirements 
and impairing the body’s ability to downregulate resting energy expenditure (REE) and protein 
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turnover. Biochemical testing provides important insights into adequacy of protein and energy intake, 
the presence of infl ammatory or oxidative stress, and nutritional adequacy over time. 

 The National Kidney Foundation Kidney Disease Outcome Quality Initiative (NKF-KDOQI) 
nutrition practice guidelines recommended the use of a panel of nutritional parameters because no 
single index comprehensively summarizes all aspects of nutritional status [ 5 ]. The KDOQI nutritional 
guidelines recommend a battery of anthropometric, clinical, and dietary assessments in addition to the 
biochemical parameters listed in Table  5.1 . The work group divided nutritional markers into tests to 
be done routinely, confi rmatory tests to be done as needed, and screening tests requiring further con-
fi rmation. Subsequently, the ISRNM consensus report proposed diagnostic criteria for protein–energy 
wasting (Table  5.2 ). In addition to providing data for assessment of protein–energy nutritional status, 
other biochemical parameters frequently are of importance in the dietary and medical management of 
patients receiving dialysis, such as glucose, hemoglobin A 1c , potassium, phosphorus, and calcium, but 
are beyond the scope of this chapter.

       Protein–Energy Nutritional Status 

 Assessment of protein–energy nutritional status is one of the most common applications of biochemi-
cal assessment. The most commonly used proteins for nutritional assessment are serum albumin, 
prealbumin (or transthyretin), and transferrin. Other biochemical parameters are useful as screening 
tools: serum creatinine, cholesterol, and bicarbonate. 

   Table 5.1    KDOQI biochemical testing regimen in stages 2–5 CKD   

 Marker type  Marker  Measurement frequency 

 Routine  Predialysis serum albumin  Monthly in maintenance dialysis (every 1–3 months in CKD) 
 nPNA  Monthly (every 3–4 months for peritoneal dialysis; every 3–4 

months in CKD) 
 Confi rmatory  Predialysis serum prealbumin  As needed 
 Screening  Predialysis serum creatinine  As needed 

 Predialysis serum cholesterol  As needed 
 Creatinine index  As needed 

  Adapted from [ 5 ] 
  CKD  chronic kidney disease,  nPNA  normalized protein equivalent of nitrogen appearance  

   Table 5.2    ISRNM diagnostic criteria for protein–energy wasting   

 Category  Criteria  Suggested threshold 

 Serum chemistries  Serum albumin  <3.8 g/dL by bromocresol green method 
 Serum prealbumin  <30 mg/dL (maintenance dialysis only) 
 Serum cholesterol  <100 mg/dL 

 Body mass  Body mass index  <23 kg/m 2  (edema-free dry weight) 
 Unintentional weight loss  5 or 10 % over 3 or 6 months, respectively 
 Body fat percentage  <10 % 

 Muscle mass  Muscle wasting  5 or 10 % over 3 or 6 months, respectively 
 Mid-arm muscle area  Decrease by >10 % vs. reference population’s 50th percentile 
 Creatinine appearance  Decrease over time (no specifi c threshold recommended) 

 Dietary intake  Unintentional intake for >2 months: 
 Protein intake   <0.80 g/kg/day (maintenance dialysis) 

  <0.60 g/kg/day (CKD stages 2–5) 
 Energy intake  <25 kcal/kg/day 

  Adapted from [ 4 ]  

5 Biochemical Nutritional Assessment in Chronic Kidney Disease
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 Serum proteins can be broadly divided into two categories, negative and positive acute phase 
 proteins. Circulating levels of negative acute phase proteins, such as serum albumin and prealbumin, 
are at their highest in well-nourished, unstressed individuals and decline in the presence of inadequate 
protein intake, infl ammatory stress, or both. In contrast, positive acute phase proteins, such as serum 
C-reactive protein (CRP), normally circulate at very low levels and rise dramatically in the presence 
of infl ammatory stress. Because both nutrition and infl ammation independently infl uence each of 
these biochemical markers, both must be considered when concluding serum protein levels are refl ec-
tions of either nutritional or infl ammatory infl uences. 

 The expected frequency of laboratory testing should also be considered in selecting nutritional 
markers. When nutritional assessments are performed monthly in generally stable individuals as in 
the case of maintenance dialysis patients, longer half-life nutritional parameters are logical choices. 
In contrast, for patients undergoing acute changes in nutritional and infl ammatory state, addition of 
short half-life nutritional and infl ammatory markers may allow adjustment of nutritional interventions 
based on acute patient response. 

    Serum Albumin 

 Albumin is the most abundant protein circulating in the blood, readily available on most biochemistry 
panels, and is therefore widely used as a nutritional and infl ammatory marker [ 6 ]. Because of its rou-
tine availability and association with nutritional status, it—rightly or wrongly—has become a clinical 
performance indicator for quality of care for patients with CKD [ 6 ]. 

 Interpretation of serum albumin is challenging in people with CKD. Albumin has a clear inverse 
association with clinical outcome in numerous studies [ 7 – 17 ]. However, both modifi able and non-
modifi able factors infl uence serum albumin [ 5 ,  12 ,  18 ]. Older age, female sex, white race, presence of 
several chronic diseases (chronic obstructive pulmonary disease, peripheral vascular disease, diabetes 
mellitus, and cancer), and being the fi rst year of dialysis are nonmodifi able factors correlated with 
hypoalbuminemia [ 19 ]. Modifi able factors associated with improved albumin include smoking cessa-
tion, use of arteriovenous fi stulas, or biocompatible dialysis membranes [ 19 ]. Longitudinal analyses 
of serum albumin show a decline in serum albumin in the months immediately preceding death and 
an improvement during the fi rst year of dialysis [ 19 ]. 

 Albumin is synthesized in the liver and functions both to maintain osmotic pressure and carry 
numerous compounds. The half-life of serum albumin is approximately 20 days, making it a potentially 
useful tool for monthly nutritional assessments but relatively unresponsive to acute changes in nutri-
tional or infl ammatory status. Serum albumin is extensively distributed in both intra- and extravascular 
compartments and can be redistributed into the extravascular space, resulting in hypoalbuminemia. 
Serum albumin levels are also reduced in patients with metabolic acidosis. Nutrient intake, particularly 
protein intake, is one of several factors determining serum albumin levels [ 6 ,  20 ]. However, serum 
albumin levels are maintained in otherwise healthy individuals until late in the course of PEM in the 
absence of underlying infl ammatory stress. Serum albumin is also preserved with chronically low pro-
tein intake because REE is typically simultaneously downregulated [ 6 ]. However, systemic infl amma-
tion inhibits this normal adaptation to protein–energy defi cits. In addition, infl ammation also both 
inhibits albumin synthesis and increases its fractional catabolic rate [ 20 ,  21 ]. Thus, dietary protein and 
infl ammation have separate and opposing infl uences on serum albumin. Interpretation of hypoalbumin-
emia must be made in the context of both nutrient intake and presence of infl ammation [ 6 ,  21 ]. 

 Subnormal serum albumin levels (<4.0 g/dL) have long been shown to predict both all-cause and 
cardiovascular mortality in people receiving maintenance dialysis [ 14 ,  20 ]. Without additional infor-
mation to help differentiate between nutritional defi cits, infl ammation, or a combination of the two, 
hypoalbuminemia should not be presumed to be nutrition-related but rather as a marker for the pres-
ence of illness [ 6 ]. The view that hypoalbuminemia is not primarily due to nutritional defi cits appears 
to be supported by the limited success of enteral or parenteral intervention trials to effectively correct 
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hypoalbuminemia [ 6 ,  22 ]. Others, however, have concluded that although both infl ammation and 
malnutrition frequently coexist, subnormal levels of serum albumin and prealbumin are principally 
refl ective of nutritional inadequacy [ 23 ]. Friedman and Fadem published [ 6 ] a framework for evaluat-
ing serum albumin. Patients with subnormal serum albumin are assessed for extremely low protein 
intake and defi cits in muscle and fat mass. If all are present then hypoalbuminemia may be nutritional 
in etiology, and protein–energy nutritional supplementation is initiated. If the serum albumin and 
body composition responds to supplementation, then the defi cit is presumed to be nutritional. If the 
defi cit fails to respond to nutritional intervention or the defi cit exists in the absence of a sustained low 
protein intake and loss of muscle and fat mass, the defi cit is likely non-nutritional in etiology and non- 
dietary etiologies for hypoalbuminemia explored.  

    Serum Prealbumin 

 Serum prealbumin, like albumin, is a negative acute phase protein. Prealbumin has a half-life of about 
2 days and is therefore very responsive to recent events, especially calorie and protein defi cits as well 
as infl ammatory stress. Thus, for patients with acute illnesses or following initiation of nutritional 
interventions, prealbumin can be a useful early directional indicator of changes in nutritional and 
infl ammatory status [ 5 ,  24 ]. 

 Serum prealbumin, and a decline in serum prealbumin over time, predicts all-cause mortality inde-
pendently of infl ammation (based on CRP) [ 23 ]. Predialysis serum prealbumin is directly correlated 
with other biochemical nutritional markers (serum albumin, creatinine, and cholesterol) as well as 
predialysis body weight and bioelectrical impedance (BIA)-derived reactance, body cell mass, body 
water, and phase angle [ 24 ]. Prealbumin was predictive of hospitalization over the next 12 months in 
a univariate analyses, though when included in a multivariate analysis prealbumin was no longer sig-
nifi cant [ 25 ]. A prealbumin of <30 mg/dL is associated with an increased risk of mortality [ 24 ,  26 ]. 
Although albumin and prealbumin are highly correlated, both are independent predictors of mortality 
[ 24 ]. Both also correlate with hospitalization, however, prealbumin but not albumin was correlated 
with infectious hospitalizations [ 24 ]. 

 When the KDOQI nutrition guidelines were drafted, there was insuffi cient published data to con-
clude that prealbumin was a more sensitive or specifi c nutritional marker than serum albumin [ 5 ]. 
However, subsequent publications indicate that predialysis serum prealbumin is a useful addition to 
nutritional profi les and provides additive information to serum albumin [ 9 ,  24 ,  27 – 29 ]. Patients with 
a predialysis serum prealbumin of less than 30 mg/dL should be evaluated for nutritional adequacy [ 5 , 
 24 ,  26 ]. This threshold is within the normal range (approximately 17–45 mg/dL) for people without 
kidney disease, refl ecting decreased renal clearance of prealbumin in patients with CKD.  

    Serum Creatinine and Creatinine Index 

 Serum creatinine is a nutritional screening parameter in people receiving maintenance dialysis [ 4 ,  5 ]. 
Predialysis serum creatinine concentration refl ects the sum of creatinine of dietary origin (creatine and 
creatinine from meat) and that formed endogenously in skeletal muscle tissue less creatinine removed 
by residual kidney function and dialysis [ 4 ,  5 ]. Creatinine is formed irreversibly from creatine in skel-
etal muscle at a fairly constant rate that is directly proportional to skeletal muscle mass. Thus, under 
steady state conditions for diet and dialysis, predialysis serum creatinine is roughly proportional to lean 
body mass. A declining predialysis serum creatinine over time in otherwise stable dialyzed patients 
indicates loss of skeletal muscle mass. Although not commonly used in clinical practice, creatinine 
index can be calculated to easily estimate fat-free body mass, especially in anuric patients [ 5 ]. 

 Serum creatinine, and a decline in serum creatinine over time, predicts all-cause mortality 
 independently of infl ammation (as measured by CRP) [ 23 ]. Serum creatinine levels are directly 
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correlated with both serum albumin and serum prealbumin. The relationship between serum creati-
nine and mortality in maintenance dialysis patients is typically “J” shaped, with the lowest mortality 
occurring at a predialysis creatinine level of 9–11 mg/dL and rising signifi cantly at lower levels and 
modestly at higher levels [ 14 ]. Lower levels of predialysis serum creatinine refl ect low dietary intake 
of creatinine and creatine as well as low lean body mass. High serum creatinine in an otherwise stable 
dialysis patient typically is suggestive of inadequate dialysis, while a gradually rising serum creati-
nine must be evaluated carefully to determine whether the rise is related to increasing lean body mass 
or inadequate dialysis. Data from the HEMO study indicate that low predialysis creatinine is associ-
ated with an increased relative risk of mortality, and increases in creatinine are associated with a 
reduced relative risk [ 17 ]. The KDOQI nutrition guidelines recommend that dietary adequacy be 
evaluated in patients exhibiting serum creatinine levels of less than approximately 10 mg/dL [ 5 ].  

    Serum Total Cholesterol 

 Low serum total cholesterol is correlated with markers of protein nutritional status (serum albumin, 
prealbumin, and creatinine) and with mortality in most, but not all, trials. The relationship between 
nutrient intake and low serum total cholesterol is indirect. The presence of hypocholesterolemia, 
below 150–180 mg/dL, or a declining serum cholesterol concentration can be an indicator of chroni-
cally inadequate protein and energy intake [ 5 ]. 

 Serum cholesterol is primarily useful as a screening tool since its sensitivity to, and specifi city for, 
changes in protein and energy intake is poor. Serum cholesterol also is depressed with chronic infl am-
mation. The relationship between mortality and serum cholesterol is usually “U” shaped, with lowest 
mortality occurring with serum cholesterol levels of about 200–220 mg/dL in most trials and increas-
ing for higher or lower values. A relationship between CRP and serum cholesterol has been reported, 
with patients at both high and low extremes of the serum cholesterol distribution having higher CRP 
levels [ 30 ]. Low levels of cholesterol and elevated CRP suggest the presence of infl ammatory stress 
and anorexia while elevated levels of both may be more refl ective of cardiovascular disease (CVD). 
Like most other biochemical markers that may be nutritionally infl uenced, the HEMO study found 
that low serum cholesterol was associated with higher relative risk of mortality over the short term 
(i.e., <6 months), but this effect diminished as with longer follow-up [ 17 ].  

   Serum Transferrin 

 Serum transferrin is frequently used as a marker of protein–energy nutritional status in people without 
CKD. Compared to serum albumin, it has the advantage of a shorter half-life (about 8.5 days) and a 
smaller pool size, making it more responsive to nutritional defi cits. However, because transferrin is 
also infl uenced by the presence of anemia, a comorbidity prevalent in people with CKD requiring 
maintenance dialysis, it is not recommended for nutritional assessment in patients with stage 4 or 5 
CKD because its specifi city for protein–energy nutritional defi cits is low in this population [ 5 ]. 
Transferrin is a useful nutritional parameter in patients with higher levels of kidney function. In the 
MDRD study, transferrin and nutrient intake gradually declined as kidney function deteriorated [ 1 ].   

    Markers of Infl ammation 

 Thirty to fi fty percent of patients receiving maintenance dialysis have evidence of an active infl am-
matory response [ 31 ,  32 ]. A growing body of evidence suggests that to accurately interpret serum 
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protein status, an understanding of a patient’s infl ammatory state is critical [ 13 ,  23 ,  33 – 44 ]. 
Nutritional and infl ammatory stresses frequently coexist in people with CKD and the predictive 
power of nutritional parameters for clinical outcome is partially or fully attenuated when nutritional 
parameters are adjusted for the presence of infl ammation. Approximately 75 % of patients with CKD 
also have evidence of concomitant CVD. Proinfl ammatory cytokines and oxidative stress elicit an 
infl ammatory response and the presence of infl ammation is closely associated with accelerated 
development of CVD and cardiovascular mortality. In contrast to levels of serum albumin and preal-
bumin, which generally rise during the fi rst year following initiation of dialysis, circulating levels of 
infl ammatory mediators (e.g., CRP, interleukin-6 (IL-6) and interleukin-10 (IL-10)) do not improve 
with initiation of dialysis [ 5 ]. 

 Infl ammation blunts appetite and increases protein catabolism, lipolysis, and REE [ 45 ]. The effect 
of infl ammation on REE is subtle increasing it by approximately 10–15 %, but over time, this sus-
tained increase may result in protein–energy defi cits, especially when combined with anorexia, which 
is a common side effect of both CKD and infl ammation [ 32 ,  46 ]. Others have reported a lower total 
energy expenditure in CKD patients in infl ammation (CRP >5.0 mg/L) compared to either normal 
controls or people with CKD but without elevated CRP, an effect that was attributed to much lower 
energy expenditure for physical activity in patients in infl ammation [ 47 ]. Chronic infl ammation in 
CKD patients can be caused by infections, interactions between the blood and dialyzer, contaminants 
in the dialysate, concomitant conditions, or a combination of these factors [ 31 ]. In addition, dialysis 
itself, even when biocompatible dialysis membranes are used, results in transient infl ammatory 
response that persists for several hours following treatment [ 45 ]. An understanding of infl ammatory 
status is increasingly accepted as a key part of biochemical nutritional assessment [ 6 ,  22 ]. 

   C-Reactive Protein and Proinfl ammatory Cytokines 

 A number of positive acute phase proteins can be used to document the presence of acute or chronic 
infl ammation. One of the most common and consistently used is CRP, a nonspecifi c marker of infl am-
mation and proinfl ammatory cytokine activity [ 13 ,  23 ,  32 ,  38 – 40 ,  42 ,  47 – 54 ]. CRP has a half-life of 
approximately 19 h. Its catabolic rate is not affected by infl ammation, while its synthetic rate and 
release is markedly upregulated during an acute phase response. Thus, levels of CRP in stressed 
patients can rapidly rise by several orders of magnitude. Clinically CRP may not be routinely avail-
able but should be considered when infl ammation is suspected or when response to nutritional inter-
ventions is slower than expected [ 6 ]. 

 Other clinically useful markers are the proinfl ammatory cytokines—tumor necrosis factor (TNF- 
α) and IL-6. Upregulation of TNF-α and IL-6 contributes both to wasting and the high incidence of 
cardiovascular morbidity and mortality in people with CKD [ 55 ,  56 ]. Proinfl ammatory cytokine activ-
ity has numerous deleterious effects including the promotion of insulin resistance, anorexia, and oxi-
dative stress. TNF-α stimulates lipolysis and impairs muscle synthesis while IL-6 inhibits insulin 
growth factor-1 (IGF-1) and plays a role in the development of sarcopenia [ 56 ]. 

 Serum albumin levels are inversely correlated with CRP [ 21 ,  54 ]. However, because of its rapid 
turnover relative to that of albumin, CRP correlates less well with future albumin levels. In contrast, 
longer half-life positive acute phase proteins (e.g., ceruloplasmin or α-1 acid glycoprotein) are more 
predictive of future albumin levels [ 21 ]. CRP is predictive of hospitalization and cardiovascular 
morbidity and mortality; it is a marker for the presence of infl ammation and CVD and an indepen-
dent predictor of all-cause and cardiovascular mortality in patients with stage 3 and 4 CKD. Serum 
albumin and CRP both were independent predictors of all-cause mortality, suggesting that they 
either act via different mechanisms (e.g., nutritional vs. infl ammatory) or at different points in the 
infl ammatory process [ 15 ].   
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    Nutritional Adequacy and Management 

   Protein Intake 

 The adequacy of protein intake can be estimated in several ways in people with CKD. Diet records or 
recalls can provide clinicians detailed information about food choices and can be very useful as edu-
cational tools but require a substantial effort from the patient and thus can be incomplete records of 
protein intake. These dietary assessment tools are discussed in Chap.   4    . Protein intake can also be 
estimated in clinically stable patients by determining the protein equivalent of total nitrogen appear-
ance (PNA), also called protein catabolic rate (PCR) [ 5 ]. PNA (PCR) refl ects the sum of urea genera-
tion from endogenous protein turnover and the metabolism of dietary protein minus urea removed 
from the body by dialysis or residual renal function and change in body urea pool size over the inter-
dialytic interval. The urea pool accounts for changes in blood urea nitrogen (BUN) levels and changes 
in total body water (TBW) volume over the measurement period. Fecal and dermal nitrogen losses are 
disregarded because they are quantitatively fairly minor and impractical to collect and analyze under 
clinical conditions. Detailed procedures for computing PNA for people on hemodialysis (HD) and 
peritoneal dialysis (PD) are published in the KDOQI Clinical Practice Guidelines [ 5 ]. 

    Clinically, PNA is typically normalized so that protein intake, expressed as normalized protein 
nitrogen appearance (nPNA) or normalized protein catabolic rate (also referred to as nPCR). nPNA 
(nPCR) can be compared to estimated protein requirements independently of body mass. Unlike typi-
cal practice for diet records, where intake is usually normalized to either actual or adjusted body 
weight, PNA is normalized by dividing it by  V /0.58.  V  is the patient’s urea volume which can be 
determined either during urea kinetics, using BIA, or anthropometric equations and is an estimate of 
fat-free body mass. The 0.58 factor is the typical proportion of  V  as a fraction of total body weight [ 5 ]. 
The resulting value, nPNA, can be compared to dietary records obtained over the same interdialytic 
interval to evaluate adequacy of protein intake. 

 The body turns over substantially more protein on a daily basis than is refl ected in nPNA, on the 
order of 300 g/day, most of which is resynthesized into new body proteins. Subtle increases in degra-
dation rates or decreases in synthesis rates not offset by increased intake can result in gradual loss of 
lean body mass over time. Uremia per se does not appear to signifi cantly alter nPNA. In addition, 
there is some loss of blood and amino acids during dialysis, which increase protein requirements. The 
ability to increase protein synthesis to offset increased losses is limited [ 57 ], which can result in sig-
nifi cant catabolism in the presence of hypermetabolic or infl ammatory states [ 56 ]. 

 Care must be taken not to interpret nPNA data as a gold standard surrogate for protein intake, even 
though it is objectively derived. Protein intakes determined in this manner only accurately refl ect 
dietary protein intake under steady state conditions, which typically is not the case in CKD patients 
undergoing renal replacement therapy (RRT). Diet records and nPNA provide independent methods 
for estimating dietary protein intake. As noted in Table  5.3 , both have factors that need to be consid-
ered in their interpretation, and ideally both methods should be employed together to derive conclu-
sions about the adequacy of intake.

      Metabolic Acidosis 

 Predialysis serum bicarbonate levels should be considered when performing a nutritional assessment. 
Serum bicarbonate is not a nutritional marker per se, but metabolic acidosis is frequently correlated 
with low serum albumin [ 19 ,  54 ,  58 ], prealbumin, and nPNA [ 58 ]. Acidosis reduces albumin synthe-
sis and increases amino acid oxidation by stimulating branched-chain amino acid oxidation, increas-
ing the ATP-dependent ubiquitin-proteosome pathway, and reducing insulin-like growth factor and 
growth hormone receptor expression [ 58 ]. 
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 The presence of acidosis must be evaluated carefully because sample collection technique and 
delays in analyzing the sample can cause spuriously low results. Patients with good appetites, and thus 
higher protein intakes, also tend to be acidotic because protein brings dietary acid along with it. 
Interventional studies correcting serum bicarbonate without changes in protein intake typically have 
not resulted in improved serum albumin levels, suggesting the benefi t of adequate protein intake in 
maintaining serum albumin exceeds the potentially deleterious effect of the associated higher acid 
loads on reducing albumin synthesis.   

    Summary of Biochemical Assessment 

 Serum protein defi cits arise from many etiologies in people with CKD [ 4 ,  6 ,  18 ,  24 ,  55 ,  59 ]. Simple 
malnutrition is caused by insuffi cient nutrient intake relative to requirements and responds to correc-
tion of defi cient intake. In contrast, low serum protein levels can also be caused by infl ammation and 
secondary effects of other comorbidities that result in hypermetabolism and ineffi cient utilization of 
nutrients. With this form of malnutrition, simple nutritional repletion without measures to correct the 
underlying comorbidities and infl ammation is relatively ineffective [ 6 ,  22 ,  46 ]. Because there are 
interactions between infl ammation, anorexia, and poor nutrient intake, a multifaceted intervention 
strategy that optimizes dialysis delivery, energy and protein intake, corrects concomitant conditions 
(e.g., acidosis, anemia, uremia, medication side effects, economic concerns, dental health), and 
addresses infl ammation and elevated proinfl ammatory cytokines is needed. 

 Biochemical assessment is an instrumental part in differentially diagnosing the etiology of protein 
defi cits in people with CKD. A reasonable approach evaluating a patient with low serum protein levels 
who is suspected of being malnourished would proceed as follows. Patients with subnormal serum 
albumin or prealbumin should be assessed for extremely low protein intake, defi cits in muscle and fat 
mass or both via suitable dietary and anthropometric techniques. A thorough clinical evaluation 
should be conducted to ascertain to provide a comprehensive patient profi le. If both wasting and low 

   Table 5.3    Interpretation of nPNA   

 Observation  Interpretation  Consider 

 nPNA exceeds DPI or is 
unexpectedly high 

 No or only tentative conclusions 
about protein intake possible 

 Catabolic state 
 • Inadequate energy intake 
 • Presence of infl ammation or infl ammatory 

stressors (fever, infection, etc.) 
 • Weight loss 
 • Metabolic acidosis 
 • Bioincompatible dialysis membrane 
 Inaccurate diet record 
 Low lean body mass 

 nPNA less than DPI or is 
unexpectedly low 

 No or only tentative conclusions 
about protein intake possible 

 Anabolic state 
 • Corticosteroid use 
 • Recovery from infection, illness 
 • Pregnancy or growth 
 Inaccurate diet record 
 Edema 
 Excess body weight 

 nPNA = DPI  nPNA refl ects protein intake  Conclude patient is in nitrogen balance and nPNA 
refl ects intake if none of the above apply 

   nPNA  normalized protein equivalent of nitrogen appearance,  DPI  ( g / kg / day ) normalized dietary protein intake  
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nutrient intake are present, then hypoproteinemia may be nutritional in etiology and protein–energy 
nutritional supplementation is initiated. If the serum albumin and body composition responds to 
 supplementation, then the defi cit is presumed to be nutritional. If the defi cit fails to respond to nutri-
tional intervention or the defi cit exists in the absence of a sustained low protein intake and loss of 
muscle and fat mass, the defi cit is likely non-nutritional in etiology and non-dietary etiologies for 
hypoalbuminemia explored [ 4 ,  6 ]. However, the presence of infl ammation should not be considered 
as a contraindication to nutritional intervention [ 46 ].      

   References 

      1.    Kopple JD, Greene T, Chumlea WC, et al. Relationship between nutritional status and the glomerular fi ltration rate: 
results from the MDRD study. Kidney Int. 2000;57:1688–703.  

    2.    Kopple JD, Berg R, Houser H, Steinman TI, Teschan P. Nutritional status of patients with different levels of chronic 
renal insuffi ciency. Modifi cation of Diet in Renal Disease (MDRD) study group. Kidney Int Suppl. 1989;27:
S184–94.  

    3.    Rocco MV, Dwyer JT, Larive B, et al. The effect of dialysis dose and membrane fl ux on nutritional parameters in 
hemodialysis patients: results of the HEMO study. Kidney Int. 2004;65:2321–34.  

         4.    Fouque D, Kalantar-Zadeh K, Kopple J, et al. A proposed nomenclature and diagnostic criteria for protein-energy 
wasting in acute and chronic kidney disease. Kidney Int. 2008;73:391–8.  

                   5.   KDOQI, National Kidney Foundation. Clinical practice guidelines for nutrition in chronic renal failure. Am J 
Kidney Dis. 2000;35:S1–140.  

                6.    Friedman AN, Fadem SZ. Reassessment of albumin as a nutritional marker in kidney disease. J Am Soc Nephrol. 
2010;21:223–30.  

    7.    Al SK, Elsayed S, Molhem A, Aldrees A, Alzara H. Nutritional assessment of patients on hemodialysis in a large 
dialysis center. Saudi J Kidney Dis Transpl. 2011;22:675–81.  

   8.    Aparicio M, Cano N, Chauveau P, et al. Nutritional status of haemodialysis patients: a French national cooperative 
study. French Study Group for Nutrition in Dialysis. Nephrol Dial Transplant. 1999;14:1679–86.  

    9.    Avram MM, Sreedhara R, Fein P, Oo KK, Chattopadhyay J, Mittman N. Survival on hemodialysis and peritoneal 
dialysis over 12 years with emphasis on nutritional parameters. Am J Kidney Dis. 2001;37:S77–80.  

   10.    Combe C, Chauveau P, Laville M, et al. Infl uence of nutritional factors and hemodialysis adequacy on the survival 
of 1,610 French patients. Am J Kidney Dis. 2001;37:S81–8.  

   11.    Cooper BA, Penne EL, Bartlett LH, Pollock CA. Protein malnutrition and hypoalbuminemia as predictors of vascu-
lar events and mortality in ESRD. Am J Kidney Dis. 2004;43:61–6.  

    12.    Danielski M, Ikizler TA, McMonagle E, et al. Linkage of hypoalbuminemia, infl ammation, and oxidative stress in 
patients receiving maintenance hemodialysis therapy. Am J Kidney Dis. 2003;42:286–94.  

     13.    de Mutsert R, Grootendorst DC, Indemans F, Boeschoten EW, Krediet RT, Dekker FW. Association between serum 
albumin and mortality in dialysis patients is partly explained by infl ammation, and not by malnutrition. J Ren Nutr. 
2009;19:127–35.  

     14.    Lowrie EG, Lew NL. Death risk in hemodialysis patients: the predictive value of commonly measured variables and 
an evaluation of death rate differences between facilities. Am J Kidney Dis. 1990;15:458–82.  

    15.    Menon V, Greene T, Wang X, et al. C-reactive protein and albumin as predictors of all-cause and cardiovascular 
mortality in chronic kidney disease. Kidney Int. 2005;68:766–72.  

   16.    Phelan PJ, O’Kelly P, Walshe JJ, Conlon PJ. The importance of serum albumin and phosphorous as predictors of 
mortality in ESRD patients. Ren Fail. 2008;30:423–9.  

      17.    Dwyer JT, Larive B, Leung J, et al. Are nutritional status indicators associated with mortality in the Hemodialysis 
(HEMO) study? Kidney Int. 2005;68:1766–76.  

     18.    Ahuja TS, Mitch WE. The evidence against malnutrition as a prominent problem for chronic dialysis patients. 
Semin Dial. 2004;17:427–31.  

       19.    Leavey SF, Strawderman RL, Young EW, et al. Cross-sectional and longitudinal predictors of serum albumin in 
hemodialysis patients. Kidney Int. 2000;58:2119–28.  

      20.    Kaysen GA, Don BR. Factors that affect albumin concentration in dialysis patients and their relationship to vascular 
disease. Kidney Int. 2003;63 Suppl 84:S94–7.  

       21.    Kaysen GA, Chertow GM, Adhikarla R, Young B, Ronco C, Levin NW. Infl ammation and dietary protein intake 
exert competing effects on serum albumin and creatinine in hemodialysis patients. Kidney Int. 2001;60:333–40.  

      22.    Kaysen GA. Serum albumin concentration in dialysis patients: why does it remain resistant to therapy? Kidney Int. 
2003;64 Suppl 87:S92–8.  

D.B. Cockram



67

        23.    Pupim LB, Caglar K, Hakim RM, Shyr Y, Ikizler TA. Uremic malnutrition is a predictor of death independent of 
infl ammatory status. Kidney Int. 2004;66:2054–60.  

           24.    Chertow GM, Ackert K, Lew NL, Lazarus JM, Lowrie EG. Prealbumin is as important as albumin in the nutritional 
assessment of hemodialysis patients. Kidney Int. 2000;58:2512–7.  

    25.    Ikizler TA, Wingard RL, Harvell J, Shyr Y, Hakim RM. Association of morbidity with markers of nutrition and 
infl ammation in chronic hemodialysis patients: a prospective study. Kidney Int. 1999;55:1945–51.  

     26.    Fellah H, Omar S, Feki M, et al. Is serum transthyretin a reliable marker of nutritional status in patients with end- 
stage renal disease? Clin Biochem. 2008;41:493–7.  

    27.    Chrysostomou S, Stathakis C, Petrikkos G, Daikos G, Gompou A, Perrea D. Assessment of prealbumin in hemodi-
alysis and renal-transplant patients. J Ren Nutr. 2010;20:44–51.  

   28.    Kopple JD, Mehrotra R, Suppasyndh O, Kalantar-Zadeh K. Observations with regard to the National Kidney 
Foundation KDOQI clinical practice guidelines concerning serum transthyretin in chronic renal failure. Clin Chem 
Lab Med. 2002;40:1308–12.  

    29.    Neyra NR, Hakim RM, Shyr Y, Ikizler TA. Serum transferrin and serum prealbumin are early predictors of serum 
albumin in chronic hemodialysis patients. J Ren Nutr. 2000;10:184–90.  

    30.    Iseki K, Yamazato M, Tozawa M, Takishita S. Hypocholesterolemia is a signifi cant predictor of death in a cohort of 
chronic hemodialysis patients. Kidney Int. 2002;61:1887–93.  

     31.    Kaysen GA. The microinfl ammatory state in uremia: causes and potential consequences. J Am Soc Nephrol. 
2001;12:1549–57.  

      32.    Utaka S, Avesani CM, Draibe SA, Kamimura MA, Andreoni S, Cuppari L. Infl ammation is associated with 
increased energy expenditure in patients with chronic kidney disease. Am J Clin Nutr. 2005;82:801–5.  

    33.    Qureshi AR, Alvestrand A, Divino-Filho JC, et al. Infl ammation, malnutrition, and cardiac disease as predictors of 
mortality in hemodialysis patients. J Am Soc Nephrol. 2002;13 Suppl 1:S28–36.  

   34.    Spittle MA, Hoenich NA, Handelman GJ, Adhikarla R, Homel P, Levin NW. Oxidative stress and infl ammation in 
hemodialysis patients. Am J Kidney Dis. 2001;38:1408–13.  

   35.    Stenvinkel P, Heimburger O, Paultre F, et al. Strong association between malnutrition, infl ammation, and athero-
sclerosis in chronic renal failure. Kidney Int. 1999;55:1899–911.  

   36.    Kaysen GA. Infl ammation nutritional state and outcome in end stage renal disease. Miner Electrolyte Metab. 
1999;25:242–50.  

   37.    Ho LC, Wang HH, Chiang CK, Hung KY, Wu KD. Malnutrition-infl ammation score independently determined 
cardiovascular and infection risk in peritoneal dialysis patients. Blood Purif. 2010;30:16–24.  

    38.    Vannini FD, Antunes AA, Caramori JC, Martin LC, Barretti P. Associations between nutritional markers and 
infl ammation in hemodialysis patients. Int Urol Nephrol. 2009;41:1003–9.  

   39.    Stenvinkel P. Infl ammation in end-stage renal disease—a fi re that burns within. Contrib Nephrol. 2005;149:
185–99.  

    40.    Lacson Jr E, Levin NW. C-reactive protein and end-stage renal disease. Semin Dial. 2004;17:438–48.  
   41.    Kaysen GA. Infl ammation: cause of vascular disease and malnutrition in dialysis patients. Semin Nephrol. 

2004;24:431–6.  
    42.    Pupim LB, Himmelfarb J, McMonagle E, Shyr Y, Ikizler TA. Infl uence of initiation of maintenance hemodialysis 

on biomarkers of infl ammation and oxidative stress. Kidney Int. 2004;65:2371–9.  
   43.    Kaysen GA, Greene T, Daugirdas JT, et al. Longitudinal and cross-sectional effects of C-reactive protein, equili-

brated normalized protein catabolic rate, and serum bicarbonate on creatinine and albumin levels in dialysis patients. 
Am J Kidney Dis. 2003;42:1200–11.  

    44.    Kaysen GA, Eiserich JP. Characteristics and effects of infl ammation in end-stage renal disease. Semin Dial. 
2003;16:438–46.  

     45.    Caglar K, Peng Y, Pupim LB, et al. Infl ammatory signals associated with hemodialysis. Kidney Int. 2002;62:
1408–16.  

      46.    Fouque D, Pelletier S, Mafra D, Chauveau P. Nutrition and chronic kidney disease. Kidney Int. 2011;80:348–57.  
     47.    Mafra D, Deleaval P, Teta D, et al. Infl uence of infl ammation on total energy expenditure in hemodialysis patients. 

J Ren Nutr. 2011;21:387–93.  
   48.    Malgorzewicz S, Debska-Slizien A, Rutkowski B, Lysiak-Szydlowska W. Serum concentration of amino acids 

versus nutritional status in hemodialysis patients. J Ren Nutr. 2008;18:239–47.  
   49.    Wang AY. Prognostic value of C-reactive protein for heart disease in dialysis patients. Curr Opin Investig Drugs. 

2005;6:879–86.  
   50.    Johnson DW. Time-integrated CRP, level strongly predicts PD patient outcomes—nice to know, but what should we 

do about it? Perit Dial Int. 2005;25:234–7.  
   51.    Tsirpanlis G, Bagos P, Ioannou D, et al. Serum albumin: a late-reacting negative acute-phase protein in clinically 

evident infl ammation in dialysis patients. Nephrol Dial Transplant. 2005;20:658–9.  
   52.    Stenvinkel P, Lindholm B. C-reactive protein in end-stage renal disease: are there reasons to measure it? Blood 

Purif. 2005;23:72–8.  

5 Biochemical Nutritional Assessment in Chronic Kidney Disease



68

   53.    Tsirpanlis G, Chatzipanagiotou S, Nicolaou C. Microinfl ammation versus infl ammation in chronic renal failure 
patients. Kidney Int. 2004;66:2093–4.  

      54.    Eustace JA, Astor B, Muntner PM, Ikizler TA, Coresh J. Prevalence of acidosis and infl ammation and their associa-
tion with low serum albumin in chronic kidney disease. Kidney Int. 2004;65:1031–40.  

     55.    Stenvinkel P, Lindholm B, Heimburger O. Novel approaches in an integrated therapy of infl ammatory-associated 
wasting in end-stage renal disease. Semin Dial. 2004;17:505–15.  

      56.    Kalantar-Zadeh K, Stenvinkel P, Pillon L, Kopple JD. Infl ammation and nutrition in renal insuffi ciency. Adv Ren 
Replace Ther. 2003;10:155–69.  

    57.    Rao M, Sharma M, Juneja R, Jacob S, Jacob CK. Calculated nitrogen balance in hemodialysis patients: infl uence of 
protein intake. Kidney Int. 2000;58:336–45.  

      58.    Chauveau P, Fouque D, Combe C, et al. Acidosis and nutritional status in hemodialyzed patients. French Study 
Group for Nutrition in Dialysis. Semin Dial. 2000;13:241–6.  

    59.    Kaysen GA, Dubin JA, Muller HG, Rosales L, Levin NW, Mitch WE. Infl ammation and reduced albumin synthesis 
associated with stable decline in serum albumin in hemodialysis patients. Kidney Int. 2004;65:1408–15.    

D.B. Cockram



69L.D. Byham-Gray et al. (eds.), Nutrition in Kidney Disease, Second Edition, Nutrition and Health,
DOI 10.1007/978-1-62703-685-6_6, © Springer Science+Business Media New York 2014

     Keywords     Nutrient assessment   •   Niacin defi ciency   •   V-B 6  defi ciency   •   V-B 6  toxicity   •   Zinc defi ciency   
•   Zinc toxicity   •   Nutrient-based lesions   •   Nutrition physical examination  

         Rationale for Performing a Nutrition Physical Examination 

 Since the fi rst Medicare Conditions for Coverage of End-Stage Renal Disease (ESRD) were published 
in 1976 [ 1 ], registered dietitians (RDs) have been directed to perform nutrition-focused physical 
assessment. Given the potential for both defi ciency and toxicity inherent in renal failure, regulatory 
language suggested a two-step process that fi rst assessed vitamin/mineral adequacy and then trans-
lated nutrient requirements into food choices, appropriate supplementation. 

 The 1995 Comprehensive Accreditation Manual [ 2 ] for the Joint Commission on Accreditation of 
Healthcare Organizations (JCAHO) advanced the use of physical fi ndings, as it defi ned nutritional 
assessment as a “comprehensive approach to defi ning nutrition status which employs medical, nutri-
tion, and medication histories; physical examination; anthropometric measurements; and laboratory 
data.” Physical examination for manifestations of nutrient defi ciency or excess in all high risk patients 
was mandated. The Academy of Nutrition and Dietetics (AND) [formerly the American Dietetic 
Association (ADA)] responded quickly by including physical assessment as a clinical competency for 
entry-level dietetics practitioners [ 3 ]. 

    Chapter 6   
 Nutrition Physical Assessment in Chronic Kidney 
Disease (CKD) 

           Mary     Pat     Kelly     

        M.  P.   Kelly ,  M.S., R.D., G.N.P.      (*) 
  Spinal Cord Injury ,  Palo Alto Veteran’s Administration Health Care System , 
  1150-F Pine Street ,  Menlo Park ,  CA   94025 ,  USA   
 e-mail: kellymarypat@sbcglobal.net  

 Key Points 

•     Outline regulatory mandates for nutrition-focused physical assessment.  
•   Identify physiological mechanisms responsible for nutrient-based tissue change and/or functional 

defi cit.  
•   Integrate classic physical assessment techniques into nutrient assessment.  
•   Use nutrition-focused physical fi ndings as a tissue-based source of knowledge, which can be used 

along with the patient’s nutrient intake/disposition, biochemical profi le, medication intake, medi-
cal comorbidities, and therapeutic interventions to develop sound nutritional therapy.    
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 The NKF KDOQI Nutrition Guidelines [ 4 ] supported the Subjective Global Assessment (SGA) as 
a useful measure of protein–energy balance, concentrating on its concurrent evaluation of somatic 
stores and nutrient intake. The Centers for Medicare and Medicaid Conditions for Coverage for End- 
Stage Renal Disease Facilities [ 5 ] endorsed the goal to “achieve and sustain an effective nutritional 
status,” defi ned as acceptable levels of “nutrients in the blood” with “clinical signs of nutrient defi -
ciency” recognized as outcome measures. 

 In the 2005 Standards of Practice and Updated Standards of Professional Performance [ 6 ], the 
AND included physical assessment in its precursor template, used as a prototype for the 2009 ADA/
National Kidney Foundation (NKF) standards of professional performance in nephrology care. This 
document integrates nutrition physical examination into the assessment, diagnostic, and monitoring 
standards of practice [ 7 ]. Thus, renal nutrition specialists have federal, KDOQI, Joint Commission, 
and AND mandates to perform nutrition-focused physical assessment. 

 Clinicians knowledgeable in nutrition-focused physical assessment value this “hands on” relation-
ship with patients and the clinical empathy that evolves as a patient shares his/her thinning hair, itchy 
skin, sore tongue, or malformed fi ngernails. It is this relationship that transcends the usual focus on 
patient data alone [ 8 ] as the RD and patient work collaboratively to modify nutrient intake and foster 
healing. This process ultimately places the role of nutrition exactly where it should be—at the very 
basis of tissue integrity.  

    Nutrition-Focused Physical Examination 

 Several approaches to nutrition-focused physical examination have been reported. The SGA initially 
put forward by Detsky et al. [ 9 ] and modifi ed for the CKD (chronic kidney disease) population by 
McCann [ 10 ] concentrates more on altered fl uid balance and somatic fat and muscle wasting—mac-
ronutrient assessment. Changes in weight, dietary intake, gastrointestinal symptoms, functional 
capacity, and disease processes are also considered. SGA was found to have fair interrator reliability 
via Internet training and substantial intrarator reliability in renal dietitians, with validity between 
serum albumin (ALB) and body mass index (BMI) across fi ve of seven SGA numerical ratings [ 11 ]. 
The ability to score SGA provides a quantitative tool to monitor nutritional response to therapy. Used 
as a nutritional marker for protein–energy nutritional status, SGA was signifi cantly correlated with 
both physical and mental component summaries of the Kidney Disease-Specifi c Health Quality of 
Life Short Form in hemodialysis (HD) patients [ 12 ]. 

 Conscientious inspection of discrete tissues in a nutrition-focused physical examination reveals 
micronutrient-based lesions seen on the visible surfaces of the body—its surface anatomy [ 13 ]. 
Because nutrients play defi ned roles in tissue synthesis, defi ciency/toxicity is known to modify nor-
mal structure in vulnerable individuals. Altered tissue integrity observed in the oral mucosa, skin, 
hair, eyes, and nails provides clues to nutrient(s) involved, time frame of nutritional injury, and func-
tional defi cits that may result. Many nutrition physical examination overviews have been published 
[ 14 – 18 ], but Kight’s Nutrition Physical Exam (NPE) has been used in CKD patients for comprehen-
sive physical examination of both micro- and macronutrient status [ 19 ], medical grand rounds [ 20 ], 
and case study work [ 21 ]. The NPE begins with an examination of oral structures, skin, and related 
structures (eyes, hair, and nails) for change generally associated with micronutrient imbalance. It 
concludes with a cardiovascular, central nervous, endocrine, gastrointestinal, immunologic, musculo-
skeletal, and renal systems assessment that refl ects functional adequacy of both micro- and macronu-
trient status. The remaining chapter will focus on an in-depth NPE.  
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    Approach to Tissue-Specifi c Physical Assessment 

 An understanding of normal tissue integrity is necessary, prior to contrast with changes historically 
documented in nutrient imbalance. The physiological mechanism at the root of altered tissue forma-
tion helps RDs anticipate what “nutrient-based lesion clusters” can manifest in nutrient defi ciency/
toxicity. Because RDs are more familiar with nutrient knowledge bases than physical assessment, 
three comprehensive nutrient overviews will summarize nutrient disposition, dietary sources, drug/
nutrient interactions, laboratory evaluation, and medical comorbidity data, along with nutrient-based 
lesions/functional defi cits. Niacin, V-B 6 , and zinc have been selected for closer review, given their 
vulnerability for altered nutrient disposition in CKD.  

    Physical Examination 

 Classic physical assessment involves inspection, palpation, percussion, and auscultation [ 22 ]. Vitamin/
mineral imbalance in dialysis patients affects tissue integrity inside the mouth skin, scalp, eyes, hair 
(shafts, follicles), and nails. Inspection and light palpation techniques are used most frequently. While 
presentation of vitamin and mineral lesions can be discrete (as in aphthous ulcers), they are generally 
bilateral in appearance. 

    Observing Oral Tissues 

 The lips are normally smooth, a deeper color than the face, with a clear vermillion border. Vertical 
cracking (cheilosis) or erosion at the corners (angular stomatitis) may be observed in active lesions, 
while scarring can remain from past defi cit [ 23 ]. Lesion grading has been published [ 24 ]. Impaired 
collagen maturation/elastin cross-links caused by ribofl avin and pyridoxine defi cit are thought to be 
the lesion’s molecular basis [ 25 ]. 

 Breath odor may suggest saburral tongue [ 26 ] if dank with decayed food, oral Candida if yeasty in 
diabetes/iron defi ciency [ 27 ], or ammoniacal with elevated blood urea nitrogen (BUN) [ 28 ]. 
Clarifi cation of routine dental hygiene and timing of the patient’s last dental visit will help distinguish 
vitamin C defi cit from poor oral care in determining cause of bleeding gums. Cracked, fractured teeth 
at the gumline can become a nidus for infl ammation or subsequent fever of unknown origin. Ill-fi tting 
dentures not only suggest recent weight loss but also compromised chewing and contribute to macera-
tion at the corners of the mouth [ 29 ]. 

 The extended tongue reveals color and texture. Usual pigment is deep pink, refl ecting an adequate 
concentration of hemoglobin in the more visible lingual capillary bed. Reddening of the oral mucosa 
can progress to scarlet or magenta in B-vitamin or iron defi ciency [ 30 ,  31 ]. The anterior tongue tip 
(exposed when “sticking out” the tongue) is covered with fi nger-like projections, including both thin 
fi liform papillae and more knobbed fungiform papillae that hold taste buds. Fungiform papilla density 
noted at the tongue tip midline correlates well with the total number of fungiform papilla on the 
healthy tongue [ 32 ]. Because there are fewer taste buds found in the fungiform papillae of chronic 
renal failure patients [ 33 ], erosion of papilla at the tip and lateral aspects of the tongue in early nutrient 
defi ciency may compromise ability to taste. Balding and complete atrophy are evidence of long-term 
disease [ 34 ]. 

6 Nutrition Physical Assessment in Chronic Kidney Disease (CKD)



72

 A common discrete oral lesion is the aphthous ulcer (canker sore) characterized by a small round 
or oval lesion with a circumscribed margin, erythematous halo, and a yellow-grey fl oor. Etiology of 
this lesion is unknown but has been variously correlated to iron [ 35 ], B 12  [ 36 ], thiamine [ 37 ], and 
gluten sensitivity [ 38 ,  39 ].  

    Scalp, Hair, and Skin Findings 

 Easily observed at the natural separation in the hair, healthy scalp is intact with natural oil. The patient 
is asked to show site-specifi c areas of soreness and irritation. Frequency of hair washing affects tex-
ture of hair and may correlate with itchiness. Hair should be evenly distributed without patchiness on 
the scalp. Thinning of hair may be associated with iron [ 40 ] or zinc defi cits [ 41 ]. Absence of hair on 
the lower-extremity anterior tibial surface may suggest vascular compromise [ 22 ]. The hair shaft is 
straight, whether round or fl at, emerging easily from a smooth hair follicle. A magnifi er helps in iden-
tifying a coiled shaft that may be a refl ection of vitamin C defi cit [ 42 ] or a hyperkeratosed follicle 
found in either vitamin A or vitamin C defi ciency [ 43 ]. 

 Skin along the hairline, behind the ears, and between the eyebrows is intact with adequate lubrica-
tion in nutrient repletion. Seborrheic-like dermatitis from zinc defi ciency occurs in these areas rich in 
sebaceous glands and may be related to inadequate zinc to stabilize cell membranes, inhibit lipid 
peroxidation, and preserve barrier function [ 44 ]. Skin around the neck and shoulders, along the arms, 
and lower extremities is assessed for skin fold and muscle integrity. 

 Observing the scalp at the natural part in the hair and skin at the midpoint of the upper arm and 
above the lateral malleolus (ankle) will provide easy reference points for future comparison. Periorbital 
and sacral sites may reveal edema; pitting at the ankle or sock line can be graded as it extends upwards 
toward the knee [ 22 ].  

    Examination of the Eyes 

 The tissue adjacent to the eyes should be intact without infl ammation or swelling. Soft elevated beige- 
colored plaque noted on or near the eyelids may be xanthelasma that can accompany lipid disorders 
[ 28 ]. The lateral palpebral commissure (corner of the eye) is generally darker in color, without redness 
or irritation. Eye globes are adequately bathed, without excessive tearing. The sclera is white but may 
be infl amed with calcium/phosphorus imbalance [ 45 ]. Glass-like crystals found at the limbus in the 
3:00/9:00 by glancing light off the sclera suggest calcifi c band keratopathy associated with long- 
standing calcium/phosphorus products >70 [ 46 ]. The lower palpebral conjunctiva is examined by 
placing the index fi nger beneath the lower eyelid and gently easing downward, as the patient looks up. 
Normal conjunctiva shows a rich pink capillary bed beneath a pale anterior rim; pallor is defi ned as 
little or no red color beneath the anterior rim [ 47 ].  

    Examination of the Nails 

 Normal nail plates are clear in color, smooth in texture, and convex in both directions. Longitudinal 
dyschromic bands or vertical ridging in the nail plate are a normal variants. Rubbing a gloved thumb 
over the nail plate from side to side and nail bed to tip will reveal abnormalities in shape and texture. 
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Spooning of the nail plates (koilonychia) suggests iron defi ciency or softening of the nail plate from 
environmental exposure to water [ 48 ]. Arcuate, horizontal ridging (Beau’s lines) may present following 
sepsis and can be felt across all nail plates [ 49 ]. Because this injury occurs during nail plate development 
within the matrix, the site-specifi c damage is irreversible, serving as a temporal marker of illness as 
the nail plate grows out [ 50 ]. 

 Paired, nonpalpable white lines observed in the nail bed that span the nail, parallel to the lunula, 
are called Muehrcke’s lines. Attributed to “chronic nutritional defi ciency of albumin” [ 51 ] (<2.2 g/dL), 
they are commonly found in nephrotic syndrome. Others have linked the lesion to trauma [ 52 ] or 
cytotoxic exposure [ 53 ] that causes a microscopic separation of the tightly adherent nail plate from its 
nail bed. Expansion of the white lunula toward the middle of the nail plate, with the appearance of a 
red, pink, or brown band at the distal nail bed, is known as “Half-and-Half” nail, initially described by 
Lindsay [ 54 ], as pathognomonic for azotemia. Observers found the nail bed discoloration disappeared 
completely within 2–3 weeks of kidney transplantation [ 55 ]. Needle-like longitudinal splinter hemor-
rhages in the nail bed, seen through the nail plate, may suggest subacute bacterial endocarditis, vita-
min C defi ciency in scurvy, or trauma [ 56 ]. Healthy tissue around the nail is smooth without signs of 
infl ammation or infection; paronychia can be found in zinc defi ciency [ 57 ].   

    Physical Findings and Functional Defi cits in Niacin, B 6 , and Zinc Imbalance 

    Niacin 

 Pellagra was prevalent in the United States for many years, with the only understanding that it occurred 
with poverty and corn intake. Joseph Goldberger of the United States Public Health Service repro-
duced pellagrous symptoms in dogs, leading to the discovery that yeast could prevent and cure pel-
lagra [ 58 ]. Bean [ 34 ] graded the symmetrical, bilateral dermatitis of sun-exposed skin and redness, 
infl ammation, and papillary atrophy of the tongue found in niacin defi ciency. In 1952, Goldsmith 
et al. [ 59 ] monitored niacin depletion in women eating a corn- or wheat-based diet, supplemented 
with tryptophan to ensure minimal nitrogen balance [ 60 ] and adequate B vitamins, without niacin. 
Lesions developed within 40–135 days in isolated niacin defi ciency, with half the patients experienc-
ing some symptom by day 50. Oral lesions occurred with and without characteristic blistering and 
necrotic skin associated with pellagra [ 59 ]. Goldsmith determined that this condition was described 
as “pellagra sine pellagra” [ 61 ] in historical literature, corroborating her fi nding of niacin defi ciency 
without characteristic skin lesions. 

 To this day, pellagrins presenting without skin lesions continue to elude diagnosis. A necroscopy 
study diagnosed 20 cases of pellagra with neuropathology from 74 chronic alcoholics, who presented 
only with mental, neurological, and gastrointestinal symptoms at their death [ 62 ]. Ten of 36 persons 
in a carcinoid cancer cohort had biochemical evidence of niacin defi ciency with only one case of 
dermatitis [ 63 ], leading authors to conclude that “full symptoms of pellagra develop at a very late 
stage of the carcinoid disease”—when prognosis is poor. Complete nutritional support was recom-
mended, citing literature confi rming that the full triad of pellagra symptoms presented in only 20 % 
of noncancerous pellagrins [ 64 ]. Although pellagra is frequently related to excessive alcohol intake 
[ 65 ] or malabsorption [ 66 ,  67 ], cases of selective food restriction in anorexia [ 68 ] or allergy manage-
ment [ 69 ] are also reported. Preformed niacin is derived primarily from fortifi ed breads and cereals 
[ 70 ]. Non-fortifi ed grains used as primary energy sources, combined with low-protein and low- 
tryptophan diets in the developing world, can also expedite niacin defi ciency [ 71 ]. Food intake data 
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NIACIN

Food Sources: (> 8 mg/svg)
Chicken breast, Cornish game hen,
Highly fortified breakfast cereal, Tuna,
Swordfish, Sturgeon, Trout, Veal,
Liver, and Brewer's Yeast.
US Diet Sources:
Mixed foods, poultry, ready to eat
cereals, beef, and processed meats.

RDA: 16 mg Male
14 mg Female

Upper Limit: 35 mg (prostaglandin
mediated flushing; Moderated by
aspirin 325 mg (j).

Total Body Store: Not clearly
understood; Half-life 45 minutes (a).

Renal Vitamin: 20 mg

Function/Absorption/Elimination:
Function: Co substrate, coenzyme for
hydride ion transfers in dehydrogenases.
Absorbed: Na+ facilitated diffusion in
the stomach, intestine at usual intakes;
Passive diffusion at high intakes.
Elimination: Excess excreted in urine
(normals); Niacinamide is metabolized in
the liver.

Drug/Nutrient Interactions:
Statin-type Hypolipemics (a)
5-Fluoro-uracil (b)
Isoniazid (c,d)
Pyrazinamide (b)
6-mercaptopurine (b)
Hydantoins (e)
Phenobarbitol (b)
Chloramphenicol (b)
Azathioprine (f)

Nutrient/Nutrient Interactions:
Phosphorus - Nicotinamide inhibits jujenal
NaPi2b expression, reducing phosphorus
absorption (g).

Iron, riboflavin, V-B6, Zinc -Essential to
convert ~ 60 mg tryptophan to 1 mg niacin
(h).

Fat, Cholesterol - C - Niacin reduces 
triglyceride synthesis, HDL-C removal, 
while increasing HDL-C synthesis and 
VLDL-C catabolism to lower LDL-C (i).

Biochemical Evaluation:
Plasma 2-Pyridone niacin derivative
Plasma N1-methyl-nicotinamide

High Niacin/Toxicity: 
Elevated Liver Function Tests (k)
Elevated Bilirubin (l)

More prevalent in time released Nicotinic
Acid  (l,m).

Medical Diagnoses/Comorbidities:
Alcoholism (n)
Crohn's Disease (b)
Celiac Disease (o)
Inflammatory Bowel Disease (e)
Carcinoid Cancer (p)
Bariatric surgery (q)
Malnutrition, malabsorption of iron,
riboflavin, B6, or zinc deficits (h)

Heart failure may lead to Niacin
toxicity/hepatitis if liver not adequately
perfused (Personal Observation).

Dialysis Losses: Not established.

Physical Findings/Symptoms:
DEFICIENCY: Pellagra -"3 D's"
Dermatitis (r,s): Reddened skin
darkens, vesicles, bullae develop with
desquamation; Bilateral symmetrical
distribution on sun exposed skin
(Casal Necklace); Skin thickened,
pigmented over joints; Palms, soles
dry, scaling with rough elbows.
Diarrhea (t); Dementia: Confusion,
memory loss, depression,
confabulation, disorientation,
psychosis, delirium (b); Mania (u).

Oral, Rectal: Sore, scarlet tongue,
filiform papillary atrophy (t); Mild to
severe esophagitis (v); Mild to severe
rectal mucosal
inflammation/ulceration (w).
Neurological: Burning numbness,
tingling in extremities (u); Cog-
wheeling of extremities (u); Insomnia,
headache (x).

TOXICITY: Vasodilation, nonspecific
gastrointestinal effects, jaundice with
hepatotoxicity (j).

  Fig. 6.1    Comprehensive niacin assessment in renal failure.  *  References for niacin Fig.    6.1  : a. Leikin JB, Paloucek FP, 
eds. Poisoning and Toxicology Handbook, 2nd edn. Cleveland: Lexi-Comp Inc, 1996–1997:555–556. b. Pitche PT. 
Pellagra. Sante 2005;15:205–208. c. Dorvay, A, Basareb T, McGregor JM, Russell-Jones R. Isoniazid induced pellagra 
despite B 6  supplementation. Clin Exp Dermatol 1999;24:167–170. d. Ishii N, Nishihara. Pellagra encephalopathy 
among tuberculous patients: Its relation to isoniazid therapy. J Neurol Neurosurg Psychiatry 1985:48:628–634. e. Lyon 
VB, Fairley JA. Anti-convulsant-induced pellagra. J Am Acad Dermatol 2002;46:597–599. f. Jarrett P, Duffi ll M, 
Oakley A, Smith A. Pellagra, azathioprine, and infl ammatory bowel disease. Clin Exp Dermatol 1997;22:44–45. g. 
Maccubbin D, Tipping D, Kuznetsova O, Hanlon WA, Bostom AG. Hypophosphatemic effect of niacin in patients 
without renal failure: A randomized trial. Clin J Am Soc Nephrol 2010;5:582–589. h. Combs GF. The Vitamins, 3rd 
edn. San Francisco: Elsevier Academic Press. 2008:299–300. i. Robinson JG. Management of complex lipid abnormali-
ties with a fi xed dose combination of simvastatin and extended release niacin. Vasc Health Risk Mgt 2009;5:31–43. j. 
Papadakis MA, McPhee SJ, eds. Current medical diagnosis & treatment, 52nd edn. San Francisco: Lange Medical 
Books/McGraw-Hill 2013:1265. k. Etchason JA, Miller TD, Squires RW, Allison TG, Gau GT, Marttila JK, Kottke BA. 
Niacin-induced hepatitis: A potential side effect with low dose, time-release niacin. Mayo Clin Proc 1991;66:23–28. l. 
Henkin Y, Johnson KC, Segrest JP. Rechallenge with crystalline niacin after drug-induced hepatitis from sustained 
released niacin. J Am Med Assoc 1990;264:241–243. m. Stern RH, Freeman D, Spence JD. Differences in metabolism 
of time-release and unmodifi ed nicotinic acid: Explanation of the differences in hypolipidemic action? Metab 
1992;41:879–881. n. Dastur DK, Santhadevi N, Quadros EV, Avari FCR. The B-vitamins in malnutrition with alcoholism: 
A model of intervitamin relationships. Br J Nutr 1976;36:143–159. o. Schattner A. A 70 yo man with isolated weight 
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from rice-eating, peritoneal dialysis patients [ 72 ] tallied thiamin, niacin, and ribofl avin intake between 
50 and 83 % of the Recommended Dietary Allowances. 

 Functional niacin defi cits include diarrhea (with and without bleeding), dysphagia, nausea, vomiting, 
and anorexia [ 73 ].    Scarlet, exfoliated oral surface, can extend from the esophagus [ 74 ] to the rectum 
[ 75 ]. Diffuse infl ammation is also found in vaginal mucosal tissues and amenorrhea is common [ 59 , 
 76 – 78 ]. Long-term neuropsychological manifestations including photophobia, asthenia, depres-
sion, hallucinations, confusion, memory loss, and psychosis [ 79 ] are believed to be mediated by 
impaired conversion of tryptophan to the neurotransmitter serotonin [ 78 ]. Early unresolved cases 
resulted in dementia and death [ 77 ,  80 ]. 

 A comprehensive niacin assessment is shown in Fig.  6.1 . Pellagrous lesions observed in dialysis 
patients at San Francisco General Hospital (Fig.  6.2 ) include sore, scarlet, atrophied tongue, angular 
stomatitis, bullous skin vesicles, necrotic blebs, and exfoliated elbows, palms, and knuckles. “Pellagra 
sine pellagra” was also observed with severe glossitis but mild tissue-like skin peeling.

        Vitamin B 6  

    Vitamin B 6  Defi ciency 

 Although B 6  defi ciency was identifi ed following seizure activity and anemia in infants given purifi ed 
diets [ 81 ], early experimental depletion studies in adults used desoxypyridoxine. Vilter et al. [ 82 ] 
described seborrheic dermatitis of the nasolabial folds, eyebrows, angles of the mouth, retroauricular 
spaces, and scalp as primary lesions, evolving after 19–21 days of desoxypyridoxine treatment. 
Dermatitis was followed by glossitis, glossodynia, and red hypertrophied fi liform papillae on the lat-
eral aspects of the tongue. Sensory neuritis began as tingling and numbness in the hands and feet and 
ascended quickly as extremities became hyperesthetic to pinprick. 

 Microcytic anemia accompanies B 6  defi ciency since plasma pyridoxal phosphate (PLP) is neces-
sary to synthesize aminolevulinate synthase, an essential enzyme in the fi rst step of heme synthesis 
[ 83 ]. Without heme to sequester iron, differential blood smears reveal sideroblasts and immature 
erythroid cells with mitochondrial granules of non-heme iron [ 84 ]. 

Fig. 6.1 (continued) loss and pellagra-like syndrome due to celiac disease. Yale J Biol Med 1999;72:15–18. p. Shah 
GM, Shah RG, Veillette H, Kirkland JB, Pasieka JL, Warner RRP. Biochemical assessment of niacin defi ciency among 
carcinoid cancer patients. Am J Gastroerol 2005;100:2307–2314. q. Ashouria N, Mousdicas N. Pellagra-like dermatitis. 
N Engl J Med 2006:354:15. r. Goldsmith GA. Experimental niacin defi ciency. J Am Diet Assoc 1956;32:312–316. s. 
Darouti M, Abuel Ela M. Necrolytic acral erythema: A cutaneous marker of viral hepatitis C. Int J Dermatol 
1996;35:252–256. t. Goldsmith GA, Sarett, HP, Register UD, Gibbens J. Studies of niacin requirements in man. I. 
Experimental pellagra in subjects on corn diets low in niacin and tryptophan. J Clin Invest 1952;31:533–542. u. Spies 
TD, Bean WB, Ashe WF. Recent advances in the treatment of pellagra and associated defi ciencies. Ann Intern Med 
1939;12:1830–1844. v. Segal I, Hale M, Demetriou A, Mohamed AE. Pathological effects of pellagra on the esophagus. 
Nutr Cancer 1990;14:233–238. w. Segal I, Ou TL, Demetriou A, Paterson A, Hale M, Lerios M. Rectal manifestations 
of pellagra. Int J Colorectal Dis. 1986;1:238–243. x. Seal AJ, Creeke PI, Debari F, Cheung E, et al. Low and defi cient 
niacin status and pellagra are endemic in post-war Angola. Am J Clin Nutr 2007;85:218–224. *If not annotated other-
wise, data cited from: Standing committee on the scientifi c evaluation of dietary reference intakes Niacin. In: Dietary 
Reference Intakes for Thiamin, Ribofl avin, Niacin, Vitamin B 6 , Folate, Vitamin B 12 , Pantothenic Acid, Biotin, and 
Choline. Washington DC: National Academy Press, 1998:123–149       
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 Functional defi cits of defi ciency include depression, confusion [ 85 ], and hypoactive deep tendon 
refl exes (DTRs) [ 82 ]. Neurological sequelae are not well understood, but are thought to result from 
altered PLP function in the utilization of synaptic transmitter amines, noradrenalin, adrenaline, tyra-
mine, dopamine, and serotonin [ 86 ]. Accumulation of abnormal tryptophan metabolites within the 
brain is credited in the exacerbation of neuropsychiatric symptoms [ 87 ], as B 6  is required in trypto-
phan conversion to nicotinic acid [ 83 ]. PLP is also necessary to form the singular inhibitory neu-
rotransmitter, gamma-aminobutyric acid, whose absence may predispose to seizure activity, 
recalcitrant to anti-seizure medications in severe B 6  defi ciency [ 88 ,  89 ]. 

 Drug therapies can contribute to B 6  defi cit. Loop diuretics deplete B 6  in early kidney failure as they 
decrease tubular resorption of water. B 6 , vitamin C, and oxalate losses directly correlate with extent 
of diuresis [ 90 ]. The antihypertensive hydralazine forms hydrazone with PLP, compromising B 6  
decarboxylase activity [ 91 ]. Antitubercular isoniazid (INH) combines with pyridoxine to form iso-
nicotinyl hydrazine, which can result in PLP-mediated isoniazid neurotoxicity in low B 6  intake, i.e., 
in alcoholic [ 92 ], malnourished [ 93 ], or CKD populations [ 94 – 97 ]. Recent work suggests B 6  depletion 
may also occur in hepatitis C infection when pegylated interferon and ribavirin are used [ 98 ]. 

 Dialyzer B 6  loses are signifi cant, doubling with high-effi ciency, high-fl ux (HF) cellulose triacetate 
membranes, compared to cuprophan [ 99 ]. Losses through the peritoneum are lower than HF mem-
branes, but dietary intake alone has not been able to sustain PLP concentrations [ 100 ]. Increased aware-
ness of B 6  adequacy is crucial when transitioning from peritoneal to HD modalities, given observations 
of anemia and seizures related to B 6  defi ciency in peritoneal dialysis patients new to HD [ 101 ]. 

  Fig. 6.2    Nutrient-based lesions associated with laboratory-validated niacin defi ciency. ( a ) Scarlet, atrophied tongue. 
“Pellagra sine pellagra.” Niacin 3.6 ng/mL (R 3.5–7.0). © Steve Castillo. ( b ) Early skin peeling. “Pellagra sine pella-
gra.” Niacin 3.6 ng/mL (R 3.5–7.0). © Steve Castillo. ( c ) Scarlet, bald tongue. Pellagra. Niacin 1.9 ng/mL (R 3.5–7.0). 
© Steve Castillo. ( d ) Angular stomatitis. Pellagra. Niacin 1.9 ng/mL (R 3.5–7.0). © Steve Castillo. ( e ) Bullous lesions. 
Pellagra. Niacin 3.0 ng/mL (R 3.5–7.0). © Steve Castillo. ( f ) Necrotic skin blebs. Pellagra. Niacin 3.0 ng/mL (R 3.5–
7.0). © Steve Castillo. ( g ) Exfoliated elbow. Pellagra. Niacin 1.9 ng/mL (R 3.5–0.70). © Steve Castillo. ( h ) Exfoliated 
palm. Pellagra. Niacin 1.9 ng/mL (R 3.5–7.0). © Steve Castillo. ( i ) Exfoliated knuckles. Pellagra. Niacin 1.9 ng/mL (R 
3.5–7.0). © Steve Castillo. Photographs may not be reproduced, copied, projected, televised, digitized, or used in any 
manner without photographer’s express written permission       
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 A comprehensive B 6  assessment is shown in Fig.  6.3 . The primary lesion photographed by Castillo 
in defi cient HD persons was fi liform papillary hypertrophy (Fig.  6.4 ). Mild seborrheic-like dermatitis 
and increased tearing were also identifi ed in those with PLP concentrations between 1.3 and 6.4 ng/
mL (lab range 3.6–18.0). It is important to recognize nutrient-responsive lesions/dysfunction can be 
found within low normal laboratory ranges, as described with B 6 -responsive polyneuropathy [ 102 ], 
reinforcing the need to individualize nutrient requirements. Though no indicator is ideal, PLP is 
believed to refl ect tissue stores of the nutrient and was used by the National Academy of Sciences to 
estimate the RDA for B 6  [ 83 ].

        Vitamin B 6  Toxicity 

 High doses of B 6  present in foods rarely cause toxicity, but B 6  accumulates when supplemented, due 
to the body’s non-saturable passive absorption process. Toxicity generally involves dorsal root ganglia 
function with its increased blood vessel permeability, while the blood–brain barrier insulates the brain [ 103 ]. 
Clinical symptoms of B 6  toxicity include numbness, paresthesia, ataxia, Lhermitte’s sign, and pain. 
Sensory defi cit, ataxia, (+) Romberg’s sign, and loss of Achilles refl exes are symptoms noted [ 104 ]. 
Neuropathy associated with B 6  toxicity presents in a bilateral, stocking-glove distribution beginning 
at the distal digits [ 105 ]. Limited clearance of B 6  in hemodialysis has been associated with markedly 
elevated PLP concentrations with compromised dialysis clearance following supplementation as low 
as 50 mg daily [ 21 ]. With its potential for both defi ciency and toxicity, it remains good nutrition prac-
tice to document PLP concentrations with uncertain renal vitamin intake (defi ciency) or when supple-
mental B 6  is prescribed with antitubercular drugs or for homocysteine reduction [ 106 ].   

    Zinc 

    Zinc Defi ciency 

 Prasad et al. [ 107 ] fi rst described zinc defi ciency as “adolescent nutritional dwarfi sm,” documenting 
the nutrient’s role in growth and sexual maturity. While the early syndrome occurred with iron defi -
ciency, identifi cation of an autosomal recessive defect causing acrodermatitis enteropathica [ 108 ] 
produced a clear phenotypic presentation of zinc defi ciency alone. Skin lesions with predictable dis-
tribution at body orifi ces and extremities predominate, with functional defi cits of diarrhea, compro-
mised T-cell function, and altered central nervous function. Zinc’s pivotal role in gene expression, 
cellular growth, and differentiation is the underlying cause of generalized catalytic, structural, regula-
tory impairment in defi ciency [ 109 ]. 

 Subjects without kidney disease enrolled in well-controlled, induced zinc depletion studies showed 
classic dermatitis around the mouth and nose, infl ammation of the mucosal membranes [ 110 ], and 
structural changes in hair bulb formation [ 111 ]—signs that appear as plasma zinc falls. Use of plasma/
serum zinc has been criticized, but kinetic research suggests that plasma zinc concentration, free from 
contamination of the erythrocyte, may be a valid indicator of whole body zinc status in the absence of 
infection or stress, particularly when the levels are low [ 110 ]. The cutoff concentration for normal 
prebreakfast samples is 70 μg/dL [ 112 ]. 

 Zinc studies in kidney failure generally reveal reduced plasma/serum concentrations [ 113 ] com-
pared to normal controls. Metabolic research in patients receiving maintenance HD on fi xed zinc 
intakes documents increased fecal loss as a major contributor [ 114 ]. Aluminum hydroxide gels and 
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V-B6

Food Sources: (> 0.8 mg/svg)
Highly fortified RTE cereals, beef liver,
soy-based meat substitutes; fortified
instant oatmeal.

US Diet Sources: RTE Cereals, mixed
foods (sandwiches containing meats),
white potatoes, non-citrus fruits, beef,
pasta, rice, cooked cereals.
RDA: 1.7 mg Male

1.5 mg Female

Upper Limit: 100 mg/day, adverse
effect peripheral neuropathy.

Total Body Store:
Males   ~ 110 mg
Females ~ 61 mg
(~20-75 days storage) (d)

Renal Vitamin: 5-10 mg

Function/Absorption/Elimination:
Function: Coenzyme in metabolism of
amino acids, glycogen, and sphingoid bases.
Absorbed: Throughout small intestine by
nonsatuarable passive diffusion, which has
implications for potential toxicity.
Elimination: Urinary excretion

Biological Half Life:
Approximately 25 days

Drug/Nutrient Interactions:
Antituberculars
Isoniazid (INH) (a)
Antihypertensives
LHydralazine (Forms hydrazone
making it unavailable (b)
Antiviral
Pegylated Interferon alpha with
Ribavirin (c)
Bronchodilator
Theophylline (d)
Loop Diuretics
Furosemide (e)

     V-B6 25 mg/day used with INH in
early studies (a); Shown later 6
mg/day adequate in high dose INH
therapy (f).

Nutrient/Nutrient Interaction:
     Zinc, Riboflavin required to
phosphorylate, activate pyridoxal-5'-
phosphate (g).

Biochemical Evaluation:
Plasma 5' Pyridoxal Phosphate (PLP)
at least 20 nmol/L.

    PLP is a good indicator of tissue
stores and has been chosen by the
National Academy of Sciences as the
primary criterion to assess the
Recommended Dietary Allowance.

Medical Diagnoses/Comorbidities:
Alcohol Misuse
Celiac Disease (h)
Congestiv e Heart Failure (i)
Dialysis Patients (j)
Intestinal transplantation (k)

CAPD/CCPD Losses/day:
8 +/– 2   nmol Pyridoxal Phosphate

545 +/– 61 nmol total V-B6 (l)
CAPD Losses mL/min
0.91 mL/min (1.5% Glu soln) (m)

HD Losses mL/min:
Cuprophan               86 +/– 61.7
Cellulose Triacetate    73 +/– 90.2
(375 mL/min Blood Flow) (n)

Physical Findings/Symptoms:
DEFICIENCY:
Oral: Filiform papillary hypertrophy,
progressive atrophy; Glossodynia (o).
Dermatologic: Seborrheic-like dermatitis
nasolabial fold, eyebrow (o).
Hematological: Microcytic, Sideroblastic
Anemia (p), Lymphocytopenia (o,q).
Neurological: Depression (r),
Confusion (o), Epileptiform convulsions
(s,t), Hyperesthesias (o), Hypoactive deep
tendon reflexes (DTR)'s (o).
Skeletal: Impaired cancellous bone
structure (u).
TOXICITY:  Muscular: Gait imbalance,
Ataxia (v),   Diminished DTR's with
preserved strength (v),   Fasciculations
(w,x).
Neurological: Numbness (w), Perioral
numbness (v), Tingling in toes, limbs,
hands, fingers, face (w), Lhermitte's Sign
(v,w,x), (+) Romberg (w), Thermal,
vibratory insensitivity (y),  Reduced
proprioception (z).

Also Important: Bilateral, stocking-glove
distribution of symptoms (x), Dose-
response to severity of symptoms (y),
Duration exposed may be significant, "
Coasting" may follow cessation (y).

  Fig. 6.3    Comprehensive vitamin B 6  assessment in renal failure. * References vitamin B   6    Fig.    6.2  : a. Oestreicher R, 
Dressler SH, Middlebrook G. Peripheral neuritis in tuberculous patients treated with isoniazid. Am Rev Tuberculosis 
1954;70:504–508. b. Vidrio H. Interaction with pyridoxal as a possible mechanism of hydralazine hypotension. J 
Cardiovasc Pharmacol 1990;15:150–156. c. Lin CC, Yin MC. Vitamins B depletion, lower iron status and decreased 
antioxidant defense in patients with chronic hepatitis C treated by pegylated interferon alpha and ribavirin. Clin Nutr 
2009;28:34–38. d. Coombs GF. The Vitamins, 3rd edn. San Diego: Elsevier Academic Press, 2008:318. e. Mydlik M, 
Derzsiova K, Zemberova E. Infl uence of water and sodium diuresis and furosemide on urinary excretion of V-B 6 , oxalic 
acid, and V-C in chronic renal failure. Min Elec Metab 1999;25:352–356. f. Tuberculosis Chemotherapy Centre, 
Madras. The prevention and treatment of INH toxicity in the therapy of pulmonary TB: An assessment of the prophy-
lactic effect of pyridoxine in low dosage. Bull World Health Org 1963;29:457–481. g. Zinc and the regulation of V-B 6  
metabolism. Nutr Rev 1990;48:255–258. h. Dawson AM, Holdsworth CD, Pitcher CS. Sideroblastic anaemia in adult 
coeliac disease. Gut 1964;5:304. i. Keith ME, Walsh NA, Darling PB, Hanuman SA, Thirugnanam S, Leong-Poi H, 
Barr A, Sole MJ. B-vitamin defi ciency in hospitalized patients with heart failure. J Am Diet Assoc 2009;109:1406–
1410. j. Gill H, Yip T, So CC, Lo WK. Anemia in a patient newly transferred from peritoneal dialysis to hemodialysis. 
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  Fig. 6.4    Nutrient-based lesions associated with laboratory-validated vitamin B 6  defi cit. ( a ) Filiform papillary hypertrophy 
with fused papilla. Plasma pyridoxal phosphate (PLP) 1.3 ng/mL (R 3.6–18). © Steve Castillo. ( b ) Filiform papillary 
hypertrophy. Lateral view. PLP 1.3 ng/mL (R 3.6–18). © Steve Castillo. ( c ) Erosion of papilla with long-standing V-B6 
defi cit. PLP 3.1 ng/mL (R 3.6–18). © Steve Castillo. ( d ) Tearing of eyes. V-B 6  depletion. PLP 6.4 ng/mL (R 3.6–18). © 
Steve Castillo. ( e ) Seborrheic-like dermatitis. Nasolabial fold, nares. PLP 1.3 ng/mL (R 3.6–18). © Steve Castillo. 
Photographs may not be reproduced, copied, projected, televised, digitized, or used in any manner without photogra-
pher’s express written permission       

Fig. 6.3 (continued) Am J Kidney Dis 2010;56:37–39. k. Matarese LLE, Dvorchik I, Costa G, Bond GJ, Koritsky DA, 
Ferraris R, Touger- Decker R, O’Sullivan-Maillet JK, Abu-Elmagd KM. Pyridoxal-5′-phosphate defi ciency after intes-
tinal and multivisceral transplantation. Am J Clin Nutr 2009;89:204–209. l. Ross EA, Shah GM, Reynolds RD, Sabo A, 
Pichon M. V-B 6  requirements of patients on chronic peritoneal dialysis. Kidney Inter 1989;36:702–706. m. Mydlik M, 
Derzsiova K, Svac J, Dlhopplcek P, Zemerova E. Peritoneal clearance and peritoneal transfer of oxalic acid, V-C, and 
V-B 6  during Continuous Ambulatory Peritoneal Dialysis. Artifi cial Organs 1998;22:784–788. n. Kasama R, Koch T, 
Canals-Navas C, Pitone JM. V-B 6  and hemodialysis: The impact of high-fl ux/high effi ciency dialysis and review of the 
literature. Am J Kidney Dis 1996;27:680–686. o. Vilter RW, Mueller JF, Glazer HS, Jarrold T, Abraham J, Thompson 
C, Hawkins VR. The effect of V-B 6  defi ciency induced by desoxypyridoxine in human beings. J Lab Clin Med 
1953;42:335–357. p. Hillman RS, Finch CA. Red Cell Manual, 7th edn. Philadelphia: FA Davis Company, 1996:159. 
q. Cheslock KE, McCully MT. Response of human beings to a low V-B 6  diet. J Nutr 1960;70:507–513. r. Merete C, 
Falcon LM, Tucker KL. Vitamin B 6  is associated with depressive symptomatology in Massachusetts elders. J Am Coll 
Nutr 2008;27:421–427. s. Guilarte TR. V-B 6  and cognitive development: Recent research fi ndings from human and 
animal studies. Nutr Rev 1993 51:193–198. t. Gerlach AT, Thomas S, Stawicki SP, Whitmill ML, Steinberg SM, Cook 
CH. Vitamin B 6  defi ciency: A potential cause of refractory seizures in adults. J Parenter Enteral Nutr 2011;35:272–275. 
u. Holstein JH, Herrmann M, Splett C, Herrmann W, Garcia P, Histing T, Graeber S, Ong MF, Kurz K, Siebel, Menger 
MD, Pohlemann T. Low serum folate and V-B 6  are associated with an altered cancellous bone structure in humans. Am 
J Clin Nutr 2009;90:1440–1445. v. Shaumburg H, Kaplan J, Windebank A, Vick N, Rasmus S, Pleasure D, Brown MJ. 
Sensory neuropathy from pyridoxine abuse. N Engl J Med 1983;309:445–448. w. Parry GJ. Sensory neuropathy with 
low-dose pyridoxine. Neurology 1985;35:1466–1468. x. Dalton K, Dalton MJT. Characteristics of pyridoxine overdose 
neuropathy syndrome. Acta Neurol Scand 1987;76:8–11. y. Berger AR, Schaumberg HH, Schroeder C, Apfel S, 
Reynolds R. Dose response, coasting, and differential fi ber vulnerability in human toxic neuropathy: A prospective 
study of pyridoxine neurotoxicity. Neurology 1992;42:1367–137. z. Ludolph AC, Masur H, Oberwittler C, Koch HG, 
Ullrich, K. Sensory neuropathy and V-B 6  treatment for homocystinuria. Eur J Pediatr 1993;152:271.  * If not annotated 
otherwise, data cited from: Standing committee on the scientifi c evaluation of dietary reference intakes Vitamin B 6 . In: 
Dietary Reference Intakes for Thiamin, Ribofl avin, Niacin, Vitamin B 6 , Folate, Vitamin B 12 , Pantothenic Acid, Biotin, 
and Choline. Washington DC: National Academy Press, 1998:150–195       
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ferrous sulfate were shown to increase zinc losses [ 115 ]. Calcium carbonate also binds zinc but to a 
lesser degree than calcium acetate [ 116 ]. Other factors that may contribute to zinc depletion in pre- 
dialysis patients include reduced zinc intake with low-protein diets [ 112 ,  117 ,  118 ] and increased 
urinary losses with early angiotensin enzyme inhibitors [ 119 ] and loop/thiazide diuretics [ 120 – 122 ]. 

 Elevated red blood cell (RBC) zinc documented in renal failure has been attributed to increased 
levels of zinc protoporphyrin [ 123 ] formed when zinc is incorporated into the protoporphyrin ring in 
iron defi ciency [ 124 ]. Increased RBC concentrations of the zinc-containing enzyme carbonic anhy-
drase (CA) are also thought to contribute, as CA rises to maintain acid–base equilibrium and facilitate 
oxygen transfer to peripheral tissues in anemia [ 125 ]. 

 Functional studies in HD patients present confl icting reports on the ability of zinc to improve taste 
acuity, impotence, and immunity. Supplementation of 120 mg elemental zinc as sulfate post-HD treat-
ment for 6 weeks was shown to improve taste acuity in 95 % of cases [ 126 ]; 50 mg zinc as acetate over 
a 6–12 week period was associated with signifi cant improvement in taste thresholds for salt, sweet, 
and bitter [ 127 ]. But Matson et al. [ 128 ] failed to demonstrate improved taste acuity or increased 
serum zinc in HD patients or controls following 60 mg elemental zinc as sulfate. Poor response may 
have related to a failure to normalize plasma zinc concentrations in this study. Indeed, research by 
Henkin et al. [ 129 ,  130 ] in non-renal patients suggests correction of salivary zinc concentration best 
correlates with reversal of taste dysfunction. 

 A double-blind study by Mahajan et al. [ 131 ] showed increased serum testosterone and improved 
potency, libido, and frequency of sexual intercourse by HD patient report, following a 6-month oral 
zinc supplementation, dosed as a 25 mg zinc acetate tablet, twice daily before meals. Vecchio et al. 
[ 132 ] confi rmed the role of oral zinc supplementation as a “promising intervention” in a systematic 
review of randomized controlled studies (RCT) designed to treat sexual dysfunction in CKD, as 
RCT’s supplementing zinc in the dialysate [ 133 – 135 ] either did not report or prove statistical 
signifi cance. 

 Ribeira et al. [ 136 ] showed improved delayed hypersensitivity skin tests with  Escherichia coli  and 
phytohemagglutinin (PHA) stimulated lymphocyte blastogenesis after 100 days of 15 mg elemental 
zinc as acetate twice daily, consistent with improved skin tests by Brodersen et al. [ 137 ], Bonomini 
et al. [ 138 ], and Antoniou et al. [ 139 ]. Research    has continued to implicate zinc in immune compro-
mise as elevated copper/zinc ratios (Cu/Zn) have been linked to reduced percentages of B- and 
T-lymphocyte cell subsets and increased concentrations of oxidative products including high- 
sensitivity C-reactive protein, malondialdehyde, and protein carbonyl [ 140 ]. Negative correlations 
were also observed between elevated Cu/Zn and classic malnutrition indicators, BMI, and albumin. 

 The role zinc defi cit may play in reducing oxidative stress continues to be explored as efforts are 
made to understand its ability to either reduce reactive oxidative species or provide antioxidant 
defense mechanisms [ 141 ]. Hypothetical frameworks have been proposed exploring the relationship 
between zinc and leptin [ 142 ] and atherosclerosis [ 143 ]. Further research by Ari et al. [ 144 ] found 
signifi cant negative correlation between serum zinc and carotid artery intima–media thickness 
( r  = −0.70,  p  < 0.01) and was supported by linear regression revealing a signifi cant positive correlation 
between early carotid atherosclerosis and Cu/Zn ratio. 

 Newer research defi ning the molecular role of zinc-containing matrix metalloproteinases, previ-
ously known to proteolyze all components of renal extracellular matrix, has now revealed their role in 
regulating nephron formation and mediating fi brotic kidney disorders that include acute kidney injury, 
diabetic nephropathy, glomerulonephritis, inherited kidney disease, and chronic allograph nephropa-
thy [ 145 ]. Positive studies documenting the use of zinc to induce metallothionein in proximal tubular 
cells in cadaver allografts may point to a therapeutic role of zinc supplementation in improving anti-
oxidant capacity [ 146 ]. 
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 A comprehensive zinc assessment is found in Fig.  6.5 ; lesions observed in hypozincemic dialysis 
patients are shown in Fig.  6.6 . Seborrheic-like dermatitis in the scalp, between the eyebrows, behind 
the ears, and along the nasolabial folds predominates; angular stomatitis, circumorifi cial dermatitis, 
alopecia, and leukonychia are also seen. Beau’s lines [ 147 ] were observed in the nails of an HD 
patient hospitalized with bacteremia and complete the probable zinc-related lesions identifi ed.

        Zinc Toxicity 

 Given research using zinc supplementation 3–10 times the RDA, concerns about zinc-induced copper 
defi ciency are appropriate. Literature supports increased risk for copper defi ciency with modest zinc 
supplementation, when the zinc/copper ratio is high [ 148 ]. Monitored zinc/copper intake at 15:1 has 
shown limited effects on copper absorption [ 149 ] and is frequently used as the industry standard for 
nutritional supplements. Classic copper defi ciency symptoms of anemia (normocytic, hypochromic), 
leukopenia, and neutropenia have been observed in patients receiving total parenteral nutrition [ 150 ] 
and jejunostomy feedings [ 151 ]. Idiopathic myelopathy is recently described as a functional copper 
defi ciency that curiously mimics sensory ataxia and gait disturbances observed in B 12  defi ciency 
[ 152 ]. With consistent evidence that zinc defi ciency exists in kidney failure, the best advice may be to 
“start low and go slow.” Copper indicators should be monitored if zinc supplementation continues for 
more than 90 days.    

    Placing Physical Findings Within the Clinical Context of the Patient 

 Lesions and functional defi cits must be placed within the clinical context of the patient in hypotheses 
suggesting nutrient imbalance. Their presence fi ts within a time frame, consistent with the patient’s 
nutritional history, disease state, and laboratory fi ndings. These data must support the nutrient-focused 
hypothesis, explaining why a particular nutrient imbalance would occur in a particular patient, at a 
particular time. Findings are shared with the interdisciplinary team and the RD develops the nutrition 
care plan with the patient. 

 Advanced-practice RDs must balance the nutrient store and availability from food/supplements 
against the nutritional “cost” [ 153 ] of dialysis therapy, hospitalization, and medical diagnoses with 
their prerequisite drug/nutrient profi les. Assiduous physical assessment aimed at early identifi cation 
of physical fi ndings and functional defi cits consistent with nutrient imbalance, with prompt nutrient 
replacement response, is crucial in end-organ failure. It is the author’s belief that nutrient-focused 
physical examinations will ultimately direct nutritional management required by Medicare guidelines 
[ 5 ] to achieve “effective nutritional status.”  

    Summary of the Nutrition Physical Assessment 

 RDs in today’s interdisciplinary team must master comprehensive nutrient assessments that consider 
tissue stores, dietary intake, nutrient disposition in health and disease, interaction with pharmaceuti-
cals/nutraceuticals, and laboratory assessment. Professional and regulatory statutes have strengthened 
the RD’s role by mandating a physical assessment component. Physical assessment techniques, 
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Zinc

Food Sources: (> 3 mg/svg)
Red meats, liver, dark turkey, oysters, 
bran cereal, and wheat germ.  
US Diet Sources: >3% total intake
Beef, hamburger, pork, hot dogs, milk,
bread, and eggs (l).
  Zinc intake correlates best with protein 
intake (m). 

RDA: 11 mg Male
8 mg Female

Upper Limit: 40 mg cut-off for reduced
copper status, assessed by Erythrocyte
Copper-Zinc Superoxide Dismutase
activity.

Total Body Store: 1.5-2.5 g with 85% in
skeletal muscle, bone; Tissues with
highest concentrations bone, prostate,
choroid of eye (n).

Renal Vitamin: None

Function/Absorption/Elimination:
Function: Catalytic enzyme activity,
creation of "zinc finger-like" structure for
protein folding, regulatory of gene
expression.
Absorbed: Exogenous absorption via
Albumin-bound, saturabletrans-cellular
process in small intestine (jejenum).
Elimination: Major: Secretion into,
excretion from intestine; Minor: Kidney,
integument, semen, menses. Endogenous
intestinal zinc losses best correlate with
absorbed zinc.

Drug/Nutrient Interactions:
ACE Inhibitors (a)
Clofibrate (b)
Corticosteroids (c)
Exogenous Estrogen (c)
Lithium (d)
Loop/Thiazide Diuretics (e,f,g)
Penicillin (d)
Trifluoperazine (d)
Valproic Acid (b)

Nutrient/Nutrient Interactions:
   Iron supplements, Ca++ phosphate
> 1,360 mg/day, and high phytate,
milk casein, nucleic acid intake
decrease absorption.
  Absorption higher from animal
proteins versus plant diets.
  Histidine displaces Zinc from
poorly excreted albumin ligand, HIS-
Zinc rapidly excreted (h).
  Zinc, Riboflavin are required to
phosphorylate, activate V-B6.
  Ca Acetate inhibits Zinc absorption
in hemodialysis patients in fasting
zinc tolerance test (i).
  High dose Zinc inhibits copper
absorption in Wilson's disease (j)
  Zinc vitalin mobilizing V-A from
liver stores (k).

Biochemical Evaluation:
Serum Zinc - Pre-breakfast > 70
mcg/dL sign of deficit.

Plasma Zinc preferable with reduced
contamination from erythrocytes.

Endogenous Zinc Excretion can also
be used (o).  

Substantial diurnal, postprandial
variation in plasma zinc
concentrations (plasma nadir in early
PM ~ 12% below AM peak level) (p).

Medical Diagnoses/Comorbidities:
Alcoholism Reduced absorption, increased
urinary excretion (q).
Chronic Kidney Disease Increased fecal
losses (i,r,s).
Diabetes Mellitus
Increased urinary zinc losses associated
with reduced plasma insulin (t)
Malabsorption Syndromes
   Sprue, Crohn's, Short bowel syndrome
(Supplement 12.2 mg/L small intestine
fluid; 17.1 mg/Kg stool or ileostomy output
(u).
Nephrotic Syndrome (v)
Sickle Cell Disease (w)

PhysicalFindings/FunctionalDeficits
DEFICIENCY: Acrodermatitis
Enteropathica
Oral: Circumorificial dermatitis (o)
Eye: Dermatitis on lateral canthus
Hair: Alopecia, Defective hair sheaths,
atrophied dyspigmented bulbs (x).
Skin: Dry skin, Scrotal dermatitis (o).
Nails: Leukonychia (t)
Gastronintestinal: Diarrhea, Poor intake,
Reduced taste acuity (z). Compromised
ethanol metabolism (q).
Growth: Delayed in children
Hematologic: Normocytic anemia with
low total iron binding capacity (aa,bb),
Reduced retinol-binding protein, albumin,
and pre-albumin.
Hormonal: Reduced free T4, and IGF-1
Immunologic: Altered innate, cellular,
and humoral immunity; Delayed
hypersensitivity skin tests (cc), Elevated
C-Reactive Protein (dd).
Sexual: Delayed maturation, reduced
testosterone, impotence (ee,ff).
Visual: Abnormal dark adaptation (gg)
TOXICITY: Epigastric pain, nausea,
vomiting, loss of appetite, abdominal
cramps, diarrhea, and headaches; Anemia,
leukopemia, neutropenia from copper
deficit (hh); Myelopathy (spastic
gait/sensory ataxia (ii, jj).

  Fig. 6.5    Comprehensive zinc assessment in renal failure.  *  References for zinc Fig.    6.5  : a. Golik A, Modai D, Averbukh 
Z, Sheffy M, Shamis A, Cohen N, Shaked U, Dolev E. Zinc metabolism in patients treated with captopril versus enala-
pril. Metab 1996;39:665–667. b. Boullata JI, Armenti VT, eds, Handbook of Drug-Nutrient Interactions, 2nd edn. New 
York: Humana Press, 2010. c. Pelton R, LaVelle JB, Hawkins EB, Krinsky DL, eds. Drug-Induced Nutrient Depletion 
Handbook, 2dn ed. Hudson, OH: Lexi-Comp, Inc., 2001. d. Bicknell JM, Wiggins RV. Taste disorder from zinc defi -
ciency after tonsillectomy. West J Med 1988;149:457–460. e. Cohen N, Golik A, Dishi V, Zaidenstein R, Weissgarten 
J, Averbukh Z, Modai D. Effect of furosemide oral solution versus furosemide tablets on diuresis and electrolytes in 
patients with moderate congestive heart failure. Miner Electrolyte Metab 1996;22:248–252. f. Leary WP, Reyes AJ, 
Wynne RD, Van der Byl K. Renal excretory actions of furosemide, of hydrochlorothiazide and vasodilator fl osequinan. 
J Int Med Res 1990;18:120–141. g. Wester PO. Urinary zinc excretion during treatment with different diuretics. 
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historical studies describing lesions/functional defi cits in selected nutrient imbalance, and physiological 
mechanisms responsible for altered tissue integrity have been explored. Conscientious nutrition- 
focused physical examinations are complementary to the renal nutrition specialist’s disciplined, 
hypothetical nutrient-based reasoning. Observable lesions and functional defi cits emerge as the 
ultimate expression of clinically signifi cant nutritional disease.     

Fig. 6.5 (continued) Acta Med Scand 1980;208:209–212. h. Henkin RI, Patten BM, Re PK, Bronzert DA. Syndrome 
of acute zinc loss. Arch Neurol 1975;32:741–751. i. Hwang SJ, Lai YH, Chen HC, Tsai JH. Comparison of the effect 
of calcium carbonate and calcium acetate on zinc tolerance test in hemodialysis patients. Am J Kidney Dis 1992; 
19:57–60. j. Brewer GJ, Yuzbasiyan-Gurkan V, Lee DY. Use of zinc-copper metabolic interactions in the treatment of 
Wilson’s disease. J Am Coll Nutr 1990;9:487–491. k. Solomons NW, Russell RM. The interaction of Vitamin A and 
zinc: Implications for human nutrition. Am J Clin Nutr 1980;33:2031–2040. l. Mares-Perlman JA, Subar AF, Block G, 
Greger JL, Luby MH. Zinc intake and sources in the US adult population: 1976–1980. J Am Coll Nutr 1995;14:349–
357. m. Haefl ein KA, Rasmussen AI. Zinc content of selected foods. J Am Diet Assoc 1977;70:610–616. n. Dibley MJ. 
Zinc. In: Bowman BA, Russell RM, eds. Present Knowledge in Nutrition, 8th edn. Washington DC: ILSE Press, 
2001:329–343. o. Lowe NM, Woodhouse LR, Sutherland B, Shames DM, Burri BJ, Abrams SA, Turnlund JR, Jackson 
MJ, King JC. Kinetic parameters and plasma zinc concentration correlate well with loss and gain of zinc from man. J 
Nutr 2004;134:2178–2181. p. King JC, Hambidge M, Westcott, Kern DL, Marshal G. Daily variation in plasma zinc 
concentrations in women fed meals at six-hour intervals. J Nutr 1994;124:508–516. q. Das I, Hahn HKJ. Effects of zinc 
defi ciency on ethanol metabolism and ethanol aldehyde dehydrogenase activities. J Lab Clin Med 1984;104:610–617. 
r. Mahajan SK, Bowersox EM, Rye DL, Abu-Hamdan DK, Prasad AS, McDonald FD, Biersack KL. Factors underlying 
abnormal zinc metabolism in uremia. Kidney Int 1989;36(Supp 27):S-269–S273. s. Abu-Hamdan DK, Mahajan, SK, 
Migdal SD, Prasad AS, McDonald FD. Zinc tolerance test in uremia. Ann Intern Med 1986:104:50–52. t. Brandao-Neto 
J, Silva CAB, Shuhama T, Silva JA, Oba L. Renal handling of zinc in insulin-dependent diabetes mellitus patients. 
BioMetals 2001;14:75–80. u. American Medical Association Department of Foods and Nutrition. Guidelines for essen-
tial trace element preparations for parenteral use. J Am Med Assoc 1979;241:2051–2054. v. Lindeman RD, Baxter DJ, 
Yunice AA, Kraikipanitch S. Serum concentrations and urinary excretions of zinc in cirrhosis, nephrotic syndrome, and 
renal insuffi ciency. Am J Med Sci 1978;275:17–31. w. Prasad AS, Beck FWJ, Kaplan J. Effect of zinc supplementation 
on incidence of infections and hospital admissions in sickle cell disease. Am J Hematol 1999;61:194–202. x. Baer MT, 
King JC. Tissue zinc levels and zinc excretion during experimental zinc depletion in young men. Am J Clin Nutr 
1984;39:556–570. y. Pfeiffer CC, Jenney EH. Fingernail white spots: Possible zinc defi ciency. J Am Med Assoc 
1974;228:157. z. Mahajan SK, Prasad AS, Lambujon J, Abbasi AA, Briggs WA, McDonald FD. Improvement of ure-
mic hypogeusia by zinc. Am J Clin Nutr 1980;33:1517–1521. aa. Nishiyama S, Irisa K, Matsubasa T, Higashi A, 
Matsuda I. Zinc status relates to hematological defi cits in middle-aged women. J Am Coll Nutr 1998;17:291–295. bb. 
Fukushima T, Horike H, Fujiki S, Sasaki T, Kashihara N. Zinc defi ciency anemia and effects of zinc therapy in mainte-
nance hemodialysis patients. Ther Apher Dial 2009;13:231–219. cc. Ribeiro RC, Sales, VSF, Neves FA, Draibe S, 
Brandao-Neto J. Effects on cell-mediated immunity in chronic hemodialysis patients. Biol Trace Element Res 
2004:98:209–218. dd. Rashidi AA, Salehi M, Piroosmand A, Sagheb MM. Effects of zinc supplementation on serum 
zinc and C-reactive protein concentrations in hemodialysis patients. J Ran Nutr 2009;19:475–478. ee. Mahajan SK, 
Abbasi AA, Prasad AS, Rabbinic P, Briggs WA, McDonald F. Effect of oral zinc therapy on gonad function in hemodi-
alysis patients. Ann Intern Med 1982;97:357–361. ff. Echo M, Navaneethan SD, Johnson DW, Lucisano G, Graziano 
G, Querques M, Saglimbene V, Ruospo M, Bonifati C, Jannini EA, Strippoli GFM. Treatment options for sexual dys-
function in patients with chronic kidney disease: A systematic review of randomized controlled trials. Am Soc Nephrol 
2010;5:985–995. gg. Morrison SA, Russell RM, Carney EA, Oaks EV. Zinc defi ciency: a cause of abnormal dark 
adaptation in cirrhotics. Am J Clin Nutr 1978;31:276–281. hh. Irving JA, Mattman A, Lockitch G, Farrell K, Wadsworth 
LD. Element of caution: A case of reversible cytopenias associated with excessive zinc supplementation. Can Med 
Assoc J 2003;169:129–131. ii. Fosmire GJ. Zinc toxicity. Am J Clin Nutr 1990;51:225–227. jj. Kumar N. Copper defi -
ciency myelopathy. Mayo Clin Proc 2006;81:1371–1384.  * If not annotated otherwise, data cited from: Standing com-
mittee on the scientifi c evaluation of dietary reference intakes Zinc. In: Dietary Reference Intakes for V-A, V-K, Arsenic, 
Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. Washington 
DC: National Academy Press. 2001:442–501       
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    Introduction 

 According to national data, approximately 29 % of US adults had hypertension in 2007–2008. The 
prevalence has changed little in the previous 10 years [ 1 ]. A signifi cant number of patients with 
chronic kidney disease (CKD) have hypertension. Hypertension can be treated and sometimes pre-
vented with the proper dietary intake. Some studies suggest that certain nutrients, including sodium, 
potassium, calcium, magnesium, protein, unsaturated fats, and vitamin C, may have an effect on blood 
pressure level. Research has also found associations of blood pressure (BP) with food groups such as 
fruits, vegetables, and dairy products. This chapter will review the evidence for treating hypertension 
with diet modifi cation.  
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    Nutrients and Blood Pressure 

    Sodium 

 Although the debate over the extent of dietary sodium’s infl uence on BP has raged for decades, 
Intersalt, the cross-sectional epidemiological study conducted in 32 countries in the mid-1980s, found 
that higher 24-h urine sodium excretion (a marker for sodium intake) was positively associated with 
higher BP [ 2 ,  3 ]. The association was stronger for the older participants (40–59 years old). Other 
cross-sectional studies have also found an association between sodium intake and blood pressure [ 4 ]. 

 Randomized controlled trials (RCTs) that reduce sodium intake have also found signifi cantly lower 
BP in the sodium restricted group [ 5 – 7 ]. A meta-analysis of 167 RCTs that included only studies that 
confi rmed sodium intake through 24-h urine sodium excretion found that normotensive people who 
had a low sodium intake had lower systolic blood pressure (SBP) than those with a high sodium intake 
[ 8 ]. Hypertensive people with a low sodium intake had lower SBP and diastolic blood pressure (DBP) 
than those with a high sodium intake. The second trial of Dietary Approaches to Stop Hypertension 
(DASH) tested both the DASH diet—a diet high in fruits, vegetables, and low-fat dairy foods—and 
sodium intake [ 9 ]. Participants with an SBP of 120–139 mmHg and/or DBP of 80–99 were randomized 
into the typical US diet (control) or the DASH diet in a parallel group design and spent a month con-
suming that diet at each of three sodium levels: high, intermediate, and low. In both diet groups, BP was 
signifi cantly lower for the lower sodium levels, showing an independent effect of sodium on BP. 

 One 2-year prospective study did not fi nd a signifi cant association between sodium excretion and 
BP, but found that fewer than 20 % of 296 healthy participants experienced a signifi cant increase in 
BP at high sodium intakes [ 10 ]. Indeed, some people seem to be more sensitive than others to sodi-
um’s effect on BP. Despite this fact, most recent studies show that sodium restriction does reduce BP. 
The effect is more pronounced in African Americans, older people, and persons diagnosed with 
hypertension. 

 Limiting sodium intake is especially important in CKD because excess sodium increases extracel-
lular fl uid volume, which may not only increase BP but also weight gain, increasing the amount of 
fl uid to be removed in dialysis [ 11 ]. 

 The 2004 Dietary Reference Intake (DRI) for sodium recommends consuming no more than 
1,500 mg of sodium per day, 1,300 mg for those over age 50 [ 12 ]. The 2010 Dietary Guidelines for 
Americans recommends that most people consume less than 2,300 mg/day, but highlights the 1,500 
limit for people with hypertension [ 13 ]. The mean intake of sodium among US adults is 3,266 mg/day 
[ 14 ]; in 2005–2006 only 5.5 % of US adults consumed less than 1,500 mg of sodium daily [ 15 ]. The 
food category contributing the most sodium to the US diet was breads and rolls (7.4 %) due to the high 
rate of consumption of these products [ 14 ]. Additionally, 65 % is from store-bought foods, and 24.8 % 
comes from restaurants. These categories of foods present opportunities for intervention.  

    Potassium 

 Both observational and experimental studies have shown that potassium intake is inversely associated 
with BP. In a meta-analysis of fi ve RCTs of at least 8 weeks in duration, potassium supplementation 
reduced SBP and DBP in three of the trials, but in the fi ve trials, overall supplementation did not affect 
BP [ 16 ]. In contrast, a meta-analysis of 33 RCTs conducted from 1981 to 1995 found that potassium 
supplementation (from the diet in six of the studies) signifi cantly reduced SBP by 3.11 mmHg and 
DBP by 1.97 mmHg [ 17 ]. It is of note that this analysis included interventions of short duration. 
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Another meta-analysis also found that low potassium signifi cantly increased risk of hypertension 
[ 18 ]. In addition to interventions, cross-sectional epidemiological studies suggest the same result [ 4 , 
 19 ]. Even a low dose (600 mg) of potassium can signifi cantly reduce BP [ 20 ]. Since potassium is 
readily available in the food supply, it is recommended to achieve the recommended level of potas-
sium through foods instead of supplementation. 

 Increasing potassium intake can have a greater effect on BP when sodium intake is high [ 21 ]. This 
association may be due to the increase in sodium excretion that results from increasing potassium 
intake. Data suggest that the sodium–potassium ratio may be more important than potassium intake 
alone [ 2 ,  6 ,  22 ]. Intersalt and other studies have also found a signifi cant association of BP with the 
sodium–potassium ratio, the lower the sodium–potassium ratio, the lower the BP [ 2 ,  4 ,  17 ]. However, 
the literature does not mention an ideal ratio. 

 The DRI adequate intake of 4,700-mg potassium per day [ 12 ] was instituted in large part in an 
effort to prevent and treat hypertension. However, because of the increased risk of hyperkalemia 
in CKD, KDOQI recommends limiting potassium to no more than 2,000–4,000 mg/day in stages 
3 and 4 [ 23 ].  

    Calcium and Dairy Foods 

 Data from the 1999 to 2004 NHANES found an inverse association between fl uid milk and SBP and 
DBP [ 24 ]. A systematic review and meta-analysis of prospective cohort studies by Ralston et al. [ 25 ] 
found that consuming more low-fat dairy foods reduced risk of elevated BP (RR = 0.87). A review of 
milk products and BP management found that in most cross-sectional and prospective studies, dairy 
intake was associated with SBP [ 26 ]. An association was seen with DBP less often, and fl uid milk and 
low-fat dairy foods were more likely to be associated with reduced BP. Results from some cross- 
sectional studies and RCTs examining dietary and supplementary calcium and BP have been mixed 
[ 4 ,  27 – 32 ]. However, two meta-analyses that examined 13 and 40 RCTs ([ 33 ] and [ 34 ], respectively) 
found that supplementation with an average of about 1,200-mg calcium signifi cantly lowered SBP but 
not DBP. Additionally, a pooled analysis of 42 RCTs found a small BP reduction from calcium sup-
plements and dietary calcium [ 35 ]. Dietary calcium had almost twice the reduction in BP compared 
to supplemental calcium, but the difference was not signifi cant. 

 Some studies have shown that diets high in calcium, mostly from dairy products, have a BP lower-
ing effect. Of greatest note, the DASH trials found that increasing low-fat dairy intake in a diet high 
in fruits and vegetables reduced BP even further than high fruit and vegetable intake alone [ 36 ]. 
However, a study that examined BP and milk intake included three treatment groups: (1) skim milk, 
(2) high-calcium skim milk, and (3) high-calcium skim milk enriched with potassium. Only the group 
consuming the high-potassium milk signifi cantly reduced BP [ 37 ]. Any association between dairy 
consumption and BP may be due to calcium, but may also involve other nutrients present in milk. 
More studies are needed to determine the extent of the infl uence of calcium intake on BP.  

    Magnesium 

 Magnesium’s role in vascular tone and contractility suggests that it can aid in BP reduction [ 38 ], but 
trials examining the effect of magnesium intake on BP have yielded inconsistent results. This may be 
due in part to the variety of methods used in the studies. Meta-analyses in 2012 and 2002 of trials 
administering magnesium supplements suggest small, but clinically signifi cant dose-dependent 
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reductions in BP [ 39 ,  40 ]. A more recent review of magnesium supplementation in hypertension found 
mixed results [ 41 ]. Most of the trials that have included magnesium to date have had small sample 
sizes, which limit the conclusions that can be drawn from the data. As with calcium, more carefully 
controlled studies are needed to further elucidate any association between magnesium and BP.  

    Protein 

 A 1996 review of studies examining the association of dietary protein with BP found little or no effect 
of protein intake on BP among intervention studies [ 42 ]. However, some observational studies did 
fi nd decreased BP with higher protein intake. Since that review, the cross-sectional Intersalt study 
found that total and urea nitrogen excretion, as markers of protein intake, were associated with lower 
BP when adjusting for age, sex, alcohol intake, BMI, and urinary sodium, potassium, calcium, and 
magnesium excretion [ 43 ]. The INTERMAP study suggests that the effect of protein on diet may vary 
depending on the type of protein. The cross-sectional study found an inverse association between 
vegetable protein intake and BP, but a positive association between animal protein intake and BP [ 19 ]. 
A prospective cohort study and a systematic review had similar fi ndings [ 44 ,  45 ]. In addition, three 
randomized trials that found an inverse association between protein and BP increased the protein 
levels in the diet by adding vegetable protein [ 46 – 48 ]. These studies suggest that vegetable protein 
may be benefi cial in controlling BP, but more examination is needed.  

    Fatty Acids 

 A population-based study of Japan, the People’s Republic of China, the United Kingdom, and the 
United States found that a high intake of omega-3 fatty acids from food was associated with small but 
signifi cant reductions in SBP and DBP when considering the fatty acids separately or together and 
across countries [ 49 ]. Three meta-analyses of RCTs administering large doses of omega-3 oils to 
people with hypertension found an inverse association with BP [ 50 – 52 ]. There was a greater effect on 
BP for persons 45 years or older [ 50 ]. However, there was little effect of omega-3 fatty acids on 
healthy adults or in trials using small doses of the oil. Although the evidence for this association is 
relatively strong, the potential side effects associated with consuming large doses of fi sh oil may be 
prohibitive. 

 Some studies suggest that monounsaturated fat can also reduce BP in people with hypertension. 
The OmniHeart Study examined the effects of a high-carbohydrate diet, a high-protein diet, and a diet 
rich in mono-unsaturated fatty acids (MUFAs) in the form of olive, canola, and saffl ower oils and nuts 
and seeds [ 41 ]. The MUFA diet lowered BP more than the high carbohydrate and had a similar effect 
to the high-protein diet. These and other studies [ 53 ,  54 ] suggest that omega-3 and MUFAs may have 
a benefi cial effect on BP. However, most of these studies had small sample sizes and involved people 
with hypertension, limiting the generalizability of the results.  

    Vitamin C 

 Baseline data from a prospective study showed an inverse association between plasma vitamin C 
concentration and SBP [ 55 ], as have cross-sectional studies examining dietary vitamin C [ 56 ,  57 ]. 
However, this association may just be a marker for fruit and vegetable intake. Although a 2012 
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meta- analysis found that vitamin C supplementation signifi cantly reduced both SBP and DBP, the 
reduction was small and the studies were short term [ 58 ]. One cross-sectional study divided survey 
respondents into four groups: high vitamin C-high fruits and vegetables, high vitamin C-low fruits 
and vegetables, low vitamin C-high fruits and vegetables, and low vitamin C-low fruits and vegetables 
(control) [ 59 ]. The women in the two high fruits and vegetables groups had lower SBP compared to 
the control group, but the high vitamin C-low fruits and vegetables group did not have improved BP 
compared to the control group. This suggests that any differences in BP may largely be due to fruit 
and vegetable intake, not dietary vitamin C intake. Additionally, two interventions found little differ-
ence in BP between vitamin C and placebo groups [ 60 ,  61 ].   

    The DASH Diet 

 The key to modifying diet to reduce BP may rest in overall dietary patterns as opposed to consumption 
of a single nutrient or food. The DASH studies illustrate how a dietary pattern can successfully affect 
BP level. The original DASH study featured three treatment arms: (1) a usual intake that mirrored the 
typical US diet; (2) the typical diet modifi ed to include higher amounts of fruits, vegetables, and fi ber 
and lower in snacks and sweets; and (3) a diet high in fruits, vegetables, and low-fat dairy foods and 
lower in total fat, saturated fat, and cholesterol [ 36 ]. Table  7.1  shows the components of the DASH 
(combination) diet. Participants ate the assigned diet for 8 weeks. At the end of the 8 weeks, partici-
pants eating the fruits and vegetables diet had SBP and DBP 2.8 and 1.1 mmHg lower than the mean 
BP in the control group ( p  < 0.001 and  p  = 0.07, respectively). The combination fruit, vegetable, and 
low-fat dairy diet group had SBP 5.5 mmHg and DBP 3.0 mmHg lower than the control group 
( p  < 0.001 for both). The effect of the diet was greater for African Americans and for those with 
hypertension.

   The second investigation into this diet compared the control and combination (DASH) diets at 
three different sodium levels as described above and found that BP decreased as sodium intake 
decreased [ 7 ]. Consuming the DASH diet at the lowest sodium level (50 mmol/day) resulted in lowest 
BP. A behavioral intervention using the DASH diet (Premier) showed that it is possible to successfully 
incorporate the DASH dietary pattern and reduce BP in a community setting [ 62 ]. The results of these 
carefully controlled studies and the subsequent behavioral study show that an eating pattern can be an 
effective tool in reducing BP.  

   Table 7.1    The DASH eating plan (based on 2,000 cal diet)   

 Food group  Servings per day  Nutrient sources 

 Grains and grain products  7–8  Major sources of energy and fi ber 
 Vegetables  4–5  Rich sources of potassium, magnesium, and fi ber 
 Fruits  4–5  Important sources of potassium, magnesium, and 

fi ber 
 Low-fat or fat-free dairy foods  2–3  Major sources of calcium and protein 
 Meats, poultry, and fi sh  2 or less  Rich sources of magnesium and protein 
 Nuts, seeds, and dry beans  4–5 per week  Rich sources of magnesium, potassium, protein, 

and fi ber 
 Fats and oils  2–3  27 % calories as fat 
 Sweets  5 per week 

  Taken from “Facts about the DASH Eating Plan.” National Institutes of Health, Department of Health and Human 
Services. NIH Publication No. 03-4082. May 2003  
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    Dietary Recommendations for Hypertension 

    The Seventh Report of the Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure (JNC 7) Recommendations 

 The importance of lifestyle modifi cation, especially dietary change, in prevention and treatment of 
hypertension is well recognized. JNC 7 was written in 2003 to incorporate results from the latest 
hypertension studies and trials into useful guidelines for preventing and treating hypertension [ 63 ]. 
JNC 7 sees lifestyle modifi cation as a critical component of hypertension management. Its dietary 
recommendations (Table  7.2 ) include losing weight if overweight or obese, reducing sodium intake to 
less than 100 mEq/L (2.4 g) of sodium, limiting alcohol consumption to no more than two drinks per 
day, and adopting the eating pattern shown to effectively lower BP in the DASH studies. The report 
also includes an approximate amount of reduction in systolic BP that can be achieved for each of these 
dietary changes. It advocates adopting more than one strategy to achieve even greater results.

       KDOQI Guidelines 

 Dietary modifi cation is a critical component of managing CKD. The National Kidney Foundation 
Kidney Disease Outcomes Quality Initiative (KDOQI) has guidelines for diet in hypertension in CKD 
(Table  7.3 ) [ 23 ]. With the exception of potassium and protein intake, the KDOQI recommendations 

   Table 7.2    JNC 7 diet-related lifestyle modifi cations   

 Modifi cation  Recommendation 
 Approximate systolic 
BP reduction, range 

 Weight reduction  Maintain normal body weight (BMI, 18.5–24.9)  5–20 mmHg/10-kg 
weight loss 

 Adopt DASH eating plan  Consume a diet rich in fruits, vegetables, and low-fat dairy 
products with a reduced content of saturated and total fat 

 8–14 mmHg 

 Dietary sodium reduction  Reduce dietary sodium intake to no more than 100 mEq/L 
(2.4-g sodium or 6-g sodium chloride) 

 2–8 mmHg 

 Moderation of alcohol 
consumption 

 Limit consumption to no more than two drinks per day 
(1-oz or 30-mL ethanol [e.g., 24-oz beer, 10-oz wine, 
or 3-oz 80-proof whiskey]) in most men and no more than 
one drink per day in women and lighter-weight persons 

 2–4 mmHg 

  Taken from ref. [ 63 ]  

   Table 7.3    KDOQI nutritional recommendations   

 Nutrient 

 Stage of CKD 

 Stages 1–4 

 Sodium (mg/day)  <2,400 
 Total fat (% of energy)  <30 
 Saturated fat (% of energy)  <10 
 Cholesterol (mg/day)  <200 
 Carbohydrate (% of energy)  50–60 

 Stages 1–2  Stages 3–4 

 Protein (g/kg/day, % of energy)  1.4 (~18)  0.6–0.8 (~10) 
 Phosphorus (g/day)  1.7  0.8–1.0 
 Potassium (g/day)  >4  2–4 

  Reprinted with permission from ref. [ 23 ]  
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for macronutrient intake in CKD largely mirror the recommendations for the general population. 
The sodium recommendations are in keeping with the sodium recommendations described above. 
However, because of potassium retention in kidney disease, the recommended intake of 4,700 mg/day 
is not advisable for CKD patients, especially for those with GFR <60 mL/min/1.73 m 2 . Similarly, 
protein intake should be lower in CKD (about 10 % of energy), especially in stages 3 and 4, to reduce 
the production of nitrogenous wastes and to try to slow the progression of the disease. Although the 
DASH diet is benefi cial in lowering BP, the higher potassium and phosphorus intakes that result from 
the diet may lead to hyperkalemia and hyperphosphatemia, respectively, especially in patients with 
GFR <60 mL/min/1.73 m 2 . Recommendations for adopting a DASH dietary pattern should be made 
with these considerations.

        Summary 

 In summary, current evidence suggests that lowering sodium intake and increasing intake of potas-
sium, vegetable protein, omega-3 and monounsaturated fatty acids, fruits, and vegetables can help 
lower BP. In CKD, however, increasing some of these nutrients and food groups, especially potas-
sium, dairy, and protein, may be contraindicated.     
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    Introduction 

 Diabetes mellitus is a disease marked by high levels of blood glucose resulting from defects in insulin 
production (type 1 diabetes) or insulin sensitivity (type 2 diabetes). Symptoms of diabetes include 
weight loss, polyuria, polydipsia, and polyphagia. Type 2 diabetes (T2DM) represents approximately 
90 % of all patients with diabetes. Risk factors for T2DM include age, genetics, ethnicity, and obesity. 
T2DM is a progressive condition, which generally begins with insulin resistance and an initial com-
pensatory increase in the production of insulin by the pancreas. Over time, unless there is removal of 
the precipitating condition (i.e., insulin resistance), the pancreas eventually begins to lose its ability to 
produce the quantity of insulin required to maintain normoglycemia. The rate of pancreatic decline 
varies based on many factors but generally takes approximately 5–10 years to develop into diabetes. 
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 Key Points 

•     To describe screening procedures and identifi cation of diabetic nephropathy.  
•   To integrate the goals of diabetes therapy with the progressive dietary restrictions necessary with 

declining kidney function.  
•   To clearly identify the nutrition recommendations for patients with concurrent comorbidities 

[diabetes mellitus (DM), chronic kidney disease (CKD), hypertension (HTN), cardiovascular 
disease (CVD), and to dispel any myths that remain related to the above].    
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In the case of T2DM, symptoms of diabetes are usually rare or mild and can often be overlooked. As such, 
many individuals with T2DM have already developed complications by the time they are diagnosed 
with the disease. From that point onwards, the production of insulin from the pancreatic beta cells 
continues to decline over the course of the disease. Although T2DM is a chronic, progressive disease, 
steps can be taken to control the disease and to lower the risk of associated complications. Today, 
almost 26 million people (8 % of the population) in the United States have diabetes, and due to the 
chronic nature and frequently overlooked symptoms listed above, nearly one-third are unaware that 
they have the disease [ 1 ]. An estimated 79 million people have prediabetes [ 1 ]; a condition character-
ized by insulin resistance that results in an above normal blood glucose reading without meeting the 
cutoffs for the diagnosis of diabetes (Table  8.1 ).

   Type 1 diabetes (T1DM) is an autoimmune disease in which the destruction of the pancreatic beta 
cells results in an absolute insulin defi ciency [ 2 ]. Type 1 represents approximately 10 % of the patient 
population and its onset is usually acute and at a younger age. 

 It is estimated that 174 billion dollars is spent in the United States on diabetes and its complications [ 1 ]. 
Diabetes is the leading cause of kidney failure, accounting for 44 % of new cases of end-stage renal 
disease (ESRD). Diabetes is also the leading cause of blindness, nontraumatic lower limb amputa-
tion, and a large component of vascular disease. In people with T2DM, the presence of hypertension 
(HTN) generally comes before kidney disease and is in large part a factor in its development. In 
T1DM, the presence of HTN is usually a result of chronic kidney disease (CKD). Early intervention 
to promote optimization of glycemic control and blood pressure is important to slow the progression 
of CKD [ 2 – 4 ].  

    Pathophysiology of Diabetic Nephropathy 

 Persistent hyperglycemia leads to the development of nephropathy via several mechanisms, including 
glomerular hypertrophy, increased glomerular permeability to proteins, and increased matrix protein 
synthesis. Hyperglycemia causes an increase in vasodilatory prostaglandins, which promote an increase 
in renal perfusion and intra-glomerular pressure, resulting in initial hyperfi ltration [ 5 ]. There is a direct 
correlation between elevated blood pressure and the degree of decline in the glomerular fi ltration rate 

    Table 8.1    Glycemic targets and diagnostic criteria   

 ADA  AACE  IDF  CDA 

  Glycemic target  
 A1C (%)  <7.0 a   ≤6.5  <6.5  ≤7.0 b  
 Fasting glucose (mg/dL)  90–130  <110  <100  72–126 
 Postprandial glucose (mg/dL)  <180  <145  <145  90–180 (90–144 if A1C targets not met) 
  Diagnostic tests  
 Fasting glucose (mg/dL)  ≥126  ≥126  ≥125  ≥126 
 Casual plasma glucose  ≥200  ≥200  ≥200  ≥200 
 2-h plasma glucose  ≥200  ≥200  ≥200  ≥200 
 A1C (%)  ≥6.5  n/a  ≥6.5  ≥6.5 

  Adapted from ADA: American Diabetes Association; AACE: American Association of Clinical Endocrinologists; 
IDF: International Diabetes Federation; CDA: Canadian Diabetes Association 
  a May be individualized to target 6.5–8.0 % 
  b May be individualized to target 6.5 %–8.5 %  
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(GFR). Alterations of hemodynamic factors produce increases in mesangial matrix formation and 
 basement membrane thickening. Higher systolic blood pressure (SBP) specifi cally leads to extracel-
lular matrix accumulation, increased glomerular permeability, proteinuria, and glomerulosclerosis 
[ 5 ]. Risk factors for the incidence and progression of diabetic nephropathy include hyperglycemia, 
HTN, elevated total and low-density lipoprotein (LDL) cholesterol and cigarette smoking [ 2 ]. 
Observational studies have demonstrated an association between elevated levels of serum phosphorus 
and the progression of CKD but no clinical trials have been completed to confi rm a causal link [ 6 ]. 

 In addition to the above factors, there appears to be a genetic susceptibility in both T1DM and 
T2DM to both the incidence and severity of diabetic nephropathy [ 7 – 9 ]. The increase in risk may be 
associated with an abnormal sodium handling by the kidney and the presence of HTN. The incidence 
and severity of diabetic nephropathy is increased in Mexican Americans and Pima Indians and is 
three- to sixfold higher in African Americans compared to Caucasians [ 10 – 12 ], further suggesting a 
role for genetics in addition to diet, lifestyle, obesity, and other socioeconomic factors on the inci-
dence and progression of nephropathy. A high BMI has been associated with increased incidence of 
diabetic nephropathy and weight loss has been shown to reduce proteinuria in patients with CKD [ 13 ]. 
Nonetheless, weight loss would also positively impact HTN and hyperglycemia therefore making any 
direct links between weight status and CKD diffi cult to determine. 

 The earliest clinical evidence of nephropathy is often the appearance of urinary albumin (>30 mg/
day). Persistent albuminuria in the range of 30–300 mg/day is frequently the earliest stage of nephrop-
athy and a marker for the development of ESRD in diabetes. At this point, without specifi c interven-
tions, approximately 20–30 % of people with T1DM will develop albuminuria (>300 mg/day) within 
15 years of diagnosis, but with tighter glycemic control and intensive blood pressure management, 
less than half will progress to overt nephropathy [ 14 ,  15 ]. In the Diabetes Control and Complications 
Trial/Epidemiology of Diabetes Interventions and Complications (DCCT/EDIC) trial, which com-
pared intensive blood glucose to conventional control, less than 2 % of the intensively treated patients 
developed renal insuffi ciency (defi ned as serum creatinine >2.0 mg/dL or renal replacement therapy 
[RRT]) over an average 30 years of diabetes duration [ 16 ]. Evidence is available to support that the 
renal risk is equivalent in the two types of diabetes and that the lower prevalence of ESRD seen in 
T2DM is due to a later disease onset and thereby shorter duration of exposure. High rates of comor-
bidities and other diseases in people with T2DM may also shorten the lifespan and thus impact preva-
lence [ 17 ,  18 ]. In people with T2DM, 20–40 % will progress to overt nephropathy (defi ned as 
albuminuria >300 mg/day) but by 20 years duration only 20 % will have progressed to ESRD [ 7 ]. 

 The gold standard for determining albuminuria remains the 24-h collection; however, due to fre-
quent collection errors, not to mention the burden to the patient, it is not a test frequently completed. 
In years past, a urine dipstick for albumin was conducted, however, because urinary albumin excretion 
can vary mildly with exercise and volume dilution, and largely with infection, fever, marked hyper-
glycemia, and HTN [ 2 ], an alternate method called the albumin creatinine ratio (ACR) was accepted. 
The ACR is now the most common test used for screening. Creatinine is freely fi ltered by the kidney 
while albumin varies according to urine concentration, therefore, by using a ratio, a consistently 
reproducible test that corrects for urine concentration can easily be done with a spot urine sample. 
Individuals with diabetes should be screened for nephropathy using the ACR annually (after at least 5 
years of disease for those with T1DM) [ 2 ]. Monitoring albuminuria annually can also help assess 
response to drug therapy and to lifestyle modifi cation steps taken towards achieving blood pressure 
and glycemic targets. 

 According to the Kidney Disease: Improving Global Outcomes (KDIGO) Guidelines [ 19 ], staging 
of CKD is done according to six categories of GFR (G stages), and three categories of albuminuria (A 
stages). See Table  8.2  for classifi cation of the stages. GFR is expressed as mL/min per 1.73 m 2  and 
albuminuria expressed as the ACR. As GFR decreases and ACR increases, there is a continuous 
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association with risk for mortality and adverse kidney outcomes. The staging system for CKD is 
designed to help identify patients who are at greatest risk for progression and complications of kidney 
disease.

   Decreased GFR can occur in the absence of albuminuria in a substantial number of adults with 
diabetes; therefore, serum creatinine should be measured at least annually to estimate GFR and the 
stage of CKD in all adults with diabetes, regardless of the degree of albuminuria [ 2 ]. GFR is most 
frequently estimated using the Modifi cation of Diet in Renal Disease (MDRD) study equation; how-
ever, the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation has been shown 
to be more accurate, especially at higher levels of GFR, and is slowly replacing the MDRD study 
equation [ 20 ,  21 ]. Both equations contain factors such as age, sex, race, and serum creatinine. 
Estimated GFR can be calculated by using the MDRD and CKD-EPI equations at the following web-
site:   www.kidney.org/professionals/kdoqi/gfr.cfm     

 Albuminuria is also used as a marker for increased cardiovascular morbidity and mortality as the 
presence of albuminuria doubles the risk in those with T2DM and highlights the need for screening 
and aggressive interventions aimed at reducing cardiovascular disease (CVD) risk [ 2 ,  22 ,  23 ]. 

 Advanced glycation end-products (AGEs) are heterogeneous compounds considered to promote 
infl ammation and oxidation, and have been correlated with risk factors for vascular damage seen in 
diabetes and CVD [ 24 ]. Accumulation of AGEs has been seen in conditions of oxidative stress, such 
as hyperglycemia and uremia. In fact, AGE compounds exist in patients who are uremic at up to ten 
times normal levels. In patients with diabetic nephropathy, AGEs have been associated with diabetic 
vascular complications, atherosclerosis, and a higher prevalence of cardiovascular and cerebrovascu-
lar problems. AGEs have also been associated with structural renal changes, which may lead to the 
progression of renal disease. Further studies are needed to confi rm a causal relationship between 
AGEs and adverse outcomes. Cooking methods that require very high temperatures, such as frying, 
broiling, and grilling, lead to the formation of dietary AGEs [ 25 ]. Studies have shown that altering 
food preparation methods can decrease serum levels of AGEs, as well as biomarkers of oxidative 
stress and infl ammation. Furthermore, a randomized study showed that restricting dietary AGEs 
improved insulin resistance in diabetic patients [ 199 ]. Examples of how to decrease dietary sources of 
AGEs include using water during cooking (i.e., stewing), using acidic marinades for foods (i.e., lemon 
juice and vinegar), and increasing consumption of raw, unprocessed foods that are naturally low in 
AGEs (i.e., fruits and vegetables). Further studies are needed to determine whether a reduction in 
dietary and serum AGEs leads to improvements in renal and cardiac outcomes.  

   Table 8.2    Classifi cation of stage of CKD   

 GFR stages  GFR (mL/min per 1.73 m 2 )  Relative kidney function 

 G1  >90  High or optimal 
 G2  60–89  Mildly decreased 
 G3a  45–59  Mildly to moderately decreased 
 G3b  30–44  Moderately to severely decreased 
 G4  15–29  Severely decreased 
 G5  <15  Kidney failure (G5d if on dialysis) 
  Albuminuria stages    ACR  ( mg / mmol )   Terms  

 A1 <30 mg/day  <3.0    Normal to mildly increased 
 A2 30–300 mg/day  3–30    Moderately increased 
 A3 >300 mg/day  >30    Severely increased 

  Adapted from KDIGO Composite Ranking for Relative risks by GFR and Albuminuria; 2012, KDOQI 2002, and CDA 2008  
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    Goals of Therapy 

 The goals of therapy can be divided into three main categories: (1) The prevention of microvascular 
complications including retinopathy, nephropathy, and neuropathy; (2) the prevention of macrovascular 
complications of diabetes including CVD, stroke, and peripheral vascular disease; and (3) the man-
agement and prevention of acute complications of poor glycemic control including hypoglycemia and 
the hyperglycemic conditions of diabetic ketoacidosis (DKA) and hyperosmolar hyperglycemic state 
(HHS). Conventional management strategies include treatment to target blood glucose, blood pres-
sure, and lipids. Many studies both large and small have attempted to determine the effects of inten-
sive BG, blood pressure (BP), and lipid lowering on both micro- and macrovascular complications in 
either those with T1DM or T2DM (newly diagnosed or those at high risk of complications).  

    Microvascular Complication Prevention 

 Two main trials guide practice related to microvascular disease, namely, the Diabetes Control and 
Complications Trial (DCCT) in people with T1DM and the United Kingdom Prospective Diabetes 
Study (UKPDS) in those with T2DM. When examining the data related to nephropathy, the DCCT 
showed that intensive glycemic control (achieved A1C = 7.0 % compared to 9 %) resulted in fewer 
incidences of diabetic nephropathy [ 26 ]. The development of albuminuria was reduced by one-third, 
and in those with preexisting albuminuria, the risk of progressing to overt proteinuria was reduced by 
54 % [ 2 ,  3 ,  26 ]. Intensive therapy was defi ned as three or more insulin injections per day or insulin 
pump, frequent self-monitoring of blood glucose (SMBG) and using principles of pattern manage-
ment to adjust insulin doses. Participants also used carbohydrate counting to determine the insulin 
dose with meals. 

 The UKPDS had a similar design, evaluating the impact of intensive vs. conventional control in 
the management of T2DM. There were two arms to the trial, one an intensive glucose arm (achieving 
an A1C of 7.0 % vs. 7.9 % in the control) and the second being an intensive blood pressure arm. With 
respect to blood glucose, the UKPDS found that patients with T2DM had a 25 % reduction in 
nephropathy with intensive diabetes therapy and for every percentage point decrease in A1C, there 
was a 35 % reduction in the risk of complications [ 2 ,  4 ,  27 ]. The UKPDS also highlighted the impor-
tance of tight blood pressure control (<144/82 mmHg) on the prevention of nephropathy [ 28 ]. In 
general, for every 10 mmHg reduction in SBP, there was a 12 % drop in the risk for any diabetes- 
related complication [ 29 ].  

    Macrovascular Complication Prevention 

 The initial 10-year UKPDS trial demonstrated a nonsignifi cant trend towards reduction in macrovas-
cular disease with intensive glucose control; however, a statistically signifi cant 15 % reduction was 
only found when study subjects were followed over an additional 10-year period [ 30 ]. The 15 % 
reduction for every 1 % improvement in A1C was also demonstrated in a meta-analysis examining the 
effect of blood glucose control on nonfatal myocardial infarction (MI) [ 31 ]. Unlike the UKPDS, no 
signifi cant benefi ts were seen for stroke or all cause mortality. Based on the suggestion that progres-
sion of macrovascular disease occurs even at prediabetes glucose levels [ 31 ], and that tight glucose 
control might be even more critical in those at higher risk, a series of trials were completed to deter-
mine the impact of further intensifi ed glucose control on CVD risk. The Action to Control 
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Cardiovascular Risk in Diabetes (ACCORD), trial attempted to determine the impact of essentially 
normalizing glycemic control (target A1C of 6.0 or 6.5 %) on cardiovascular end points in older 
patients with established T2DM. In 2008, the ACCORD trial failed to demonstrate a positive impact 
of a target A1C of 6 % on cardiovascular end points and instead the trial was brought to an early end 
due to a 22 % increase in mortality for those in the intensive interventional arm [ 32 ]. Other trials also 
failed to demonstrate a benefi t in the lower A1C target of 6–6.5 % on cardiovascular end points in 
older individuals with established T2DM [ 33 ,  34 ]. These data suggest that patients without overt CVD 
or risk, shorter duration of diabetes, and lower initial A1C levels are those that may benefi t the most 
from intensive glucose control. 

 BP targets remain a point of continued discussion as there are little to no data to support aiming 
for SBP of less than 140 mmHg. The UKPDS found a signifi cant reduction in macrovascular 
 disease in patients with T2DM randomized to tight blood pressure control (target SBP <150 mmHg; 
achieved SBP <144 mmHg). The ACCORD trial again tried to determine the impact of further 
reductions in blood pressure and randomized 4,733 patients to intensive (target BP less than 
120 mmHg) or standard treatment (target BP to less than 140 mmHg) on cardiovascular events in 
high-risk individuals with T2DM. Over a 5-year duration, there were no signifi cant differences on 
CV outcomes or death from any cause between the intensive and standard groups. Total and nonfa-
tal stroke was the only secondary outcome that was signifi cantly impacted with a more intensive 
approach to BP management [ 35 ]. 

 Studies have demonstrated that it is important not only to reduce the systemic blood pressure but 
also to specifi cally reduce in intra-glomerular pressure. Treatment with angiotensin-converting 
enzyme inhibitors (ACEI) or angiotensin II receptor blockers (ARBs) are effective at reducing intra- 
glomerular pressure as well as other local renin-angiotensin-aldosterone system (RAS)-mediated 
effects and subsequently the decline in kidney function, independent of any additional systemic blood 
pressure lowering effect [ 23 ]. There is no evidence to suggest that dual blockade of the RAS has addi-
tional benefi t over one agent alone and this approach is not recommended in most cases [ 36 ]. 

 The UKPDS trial also demonstrated what is now known as the legacy effect, in that those who 
achieved tight glycemic control early on in their disease course maintained improvements over a lon-
ger time period. The theory is that early intervention allows the beta cells of the pancreas to rest and 
slows the decline of insulin production. Because of these data, it is now recommended that intensive 
diabetes management with the goal of achieving near normal glycemia, blood pressure, and lipid 
targets be implemented as early as possible using a physician-coordinated collaborative and inte-
grated health-care team approach [ 37 ]. Careful attention to the relationship between diet, medication, 
and physical activity is necessary to achieve A1C goals without the undesired hypoglycemia and 
weight gain seen impediments of tight glycemic control. Variations in intake and activity levels, often 
explain erratic blood glucose results and episodes of hypo- and hyperglycemia [ 38 ]. 

 The above trials were key in the development of the evidenced-based recommendations related to 
glycemic control [ 39 ]. The KDIGO guidelines recommend a target A1C of less than 7 % to prevent 
or delay progression of the microvascular complications of diabetes, including diabetic kidney dis-
ease. In addition, individuals in CKD stages 1-4 with co-morbidities, limited life expectancy or at high 
risk for hypoglycemia can target an A1C that exceeds 7 % [ 200 ]. Current American Diabetes Association 
(ADA) recommended targets include an A1C of less than 7 % [ 2 ] with individualization down to a target 
of 6.5 % or up to 8 % depending on duration of disease, life expectancy, complications, risk of hypogly-
cemia, and other comorbidities. See Table  8.1  for a comparison of the recommendations. The ADA and 
the European Association for the Study of Diabetes (EASD) advocates that glycemic control be individu-
alized. Patients with special considerations, such as children, pregnant women, the elderly, or those with 
advanced chronic diseases, may require less or more intense goals for glycemic control [ 2 ]. 

 Treatment effi cacy can be assessed by performing an A1C test, which measures a patient’s aver-
age glycemia over the preceding 2–3 months. The KDOQI work group suggests using standards set 
by the ADA when evaluating glycemic control in patients with CKD [ 40 ]. The A1C test should be 
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done quarterly in patients whose therapy has changed or who are not meeting blood glucose goals. 
In patients who are meeting treatment goals and who have stable blood glucose control, the A1C test 
should be performed at least twice yearly [ 2 ]. The limitations of A1C should be taken into consider-
ation when monitoring glycemic control in patients with CKD, since this value may be reduced due 
to the shortened lifespan of erythrocytes and the presence of anemia [ 40 ]. Estimated average glucose 
(EAG) levels may be helpful in late stage CKD to better manage patients with declining kidney func-
tion. See   http://professional.diabetes.org/GlucoseCalculator.aspx     for conversion of EAG to approxi-
mate A1C levels. 

 Currently, it is estimated that among adults diagnosed with diabetes, 12 % take insulin only, 14 % 
take insulin and oral medications, 58 % take oral medications only, and 16 % follow lifestyle manage-
ment with no insulin or oral medications [ 1 ]. Drug elimination occurs via the liver or the kidney and as 
a result, fl uctuations in blood glucose levels can also occur due to alterations in insulin and medication 
metabolism with changing kidney function. Because of the reduced clearance, caution is required to 
ensure appropriate dosing. As CKD progresses, patients should be aware of the signs and symptoms of 
hypoglycemia and how to treat it [ 35 ]. Studies have shown that insulin reductions of up to 25–40 % may 
be necessary with moderate to severe kidney impairment [ 41 ]. Reduced kidney mass also decreases 
renal gluconeogenesis, which can compromise the ability of a patient to defend against hypoglycemia 
[ 40 ]. In summary, the management goals for CKD prevention include RAS blockade and treatment to 
target blood pressure, cholesterol, blood glucose, proteinuria, and dietary management.  

    Hypertension Management 

 Tight blood pressure control plays an important role in the treatment and prevention of diabetic 
nephropathy [ 3 ]. In patients with TIDM, the onset of HTN is frequently associated with the develop-
ment of diabetic nephropathy. It is estimated that 65 % of patients with T2DM also have HTN, which 
is often present as part of their cardio-metabolic risk. Micro- and macrovascular complications of 
diabetes are exacerbated when HTN is present as a comorbidity [ 42 ]. The Seventh Report of the Joint 
National Committee on the Prevention, Detection, Evaluation and Treatment of High Blood Pressure 
(JNC VII) and the ADA set a target blood pressure goal of <130/80 mmHg for patients with diabetes 
and kidney disease based on the fi ndings of several large, randomized trials [ 2 ,  43 ]. Use of either 
ACEI or ARBs is routinely recommended because of their additional reno-protective effects. Of note, 
however is that in people with diabetes using ACE inhibitors or ARBs, drug associated hyperkalemia 
may occur at earlier stages of CKD than that traditionally seen in nondiabetic individuals. Due to the 
nephrotoxic effects of high dietary sodium intake, such as worsening albuminuria and increased blood 
pressure, the KDIGO guidelines recommend a sodium restriction of <90mmol/day (<2g) in CKD 
patients stages 1–4 [ 200 ]. The KDOQI Guidelines on Hypertension in CKD recommend the Dietary 
Approaches to Stop Hypertension (DASH) diet for patients with CKD stages 1–2 [ 44 ]. The DASH 
diet in generally not recommended for patients with a GFR <60 mL/min, due to its higher protein, 
phosphorus and potassium content [ 44 ]. Refer to Chap.   7     for more detail.  

    CVD Risk Management 

 While cardiovascular death rates have improved over the past decade, heart disease and stroke are still 
responsible for about 65 % of deaths in people with diabetes [ 2 ,  45 ]. According to the National 
Cholesterol Education Program (NCEP), patients with diabetes should achieve LDL-C levels less 
than 100 mg/dL [ 46 ]. Lifestyle strategies include a diet low in saturated fat, trans fat, and cholesterol. 
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The use of viscous fi ber, n-3 fatty acids, plant sterols, and stanols, weight loss (if indicated) and physical 
activity is also recommended. Attention is then focused on achieving the secondary targets, namely 
TG less than 150 mg/dL, HDL-C greater that 40 mg/dL in men and greater than 50 mg/dL in women, 
and non-HDL less than 130 mg/dL [ 45 ]. Lipids should be screened at diagnosis and at least annually 
[ 2 ]. Refer to Chap.   7     for further information.  

    Medical Nutrition Therapy 

 Medical nutrition therapy is an integral component of diabetes management and in the context of CKD 
as a comorbid factor. Interventions should strive to balance the benefi ts of carbohydrate distribution 
and type with the need for dietary restriction of potassium, sodium, and phosphorus. General goals of 
medical nutrition therapy for diabetes to prevent acute and long-term complications include [ 2 ]:

    1.    Maintenance of target blood glucose levels by balancing food intake, activity level, and available 
insulin with stage of kidney function (caution for increasing risk of hypoglycemia as CKD advances 
and both medication clearance and dietary intake might be affected)   

   2.    Achievement of optimal serum lipids and blood pressure to reduce the risk of CVD and for impact 
on progression of nephropathy   

   3.    Adequate energy and protein intake to attain or maintain an acceptable body weight (BW) and 
nutritional status   

   4.    Achievement of biochemical parameters and fl uid status within defi ned standards    

  All nutrition goals should be considered within the context of patient-centered care including life-
style, personal and cultural preferences, fi nancial situation, and respect for the individual’s willingness 
to make changes. Monitoring blood glucose, A1C, lipids, blood pressure, kidney function, and other 
biochemical parameters are essential to evaluate nutrition-related outcomes. If goals are not met, 
changes must be made in the overall management plan. The role of the dietitian is to help patients learn 
a problem-solving approach that evaluates diet as one of many factors that impact these goals [ 47 ].  

    Energy Needs and Weight Management 

 Among patients with diabetes, there is an association between obesity and risk for CKD. The KDOQI 
clinical practice guidelines for diabetes and CKD suggest that a normal BMI (15.5–24.9 kg/m 2 ) may 
reduce the risk of loss of kidney function and CVD [ 40 ]. Factors that may contribute to the relation-
ship between obesity and CKD include physical compression of the kidneys by visceral obesity, 
renin-angiotensin system activation, hyperinsulinemia, and glomerular hyperfi ltration, among others 
[ 40 ]. For overweight individuals with T2DM in Stages 1–3 CKD (Stage 1–2 for albuminuria ± GFR 
stage of 2–3a), moderate weight loss of 5–10 % improves insulin sensitivity, glycemic and blood pres-
sure control, and proteinuria [ 13 ,  48 – 50 ]. 

 The primary approach for achieving weight loss is therapeutic lifestyle change, which includes a 
moderate reduction in energy intake (500–1,000 kcal/day) and a moderate increase in physical activ-
ity (contributing approximately 200 or more kcal/day), which should result in a slow but progressive 
weight loss (1–2 lb/week) [ 2 ,  40 ]. The goal would be to mitigate loss of lean body or bone mass 
through use of an energy controlled, balanced, and slow approach to weight loss. Diets centered on 
food group exclusion or those that are overly restrictive carry the risk of excessive lean body mass 
(LBM) loss, nonadherence, and relapse. Furthermore, individuals with CKD and diabetes should use 
caution with low-carbohydrate/high-animal protein diets (>20 % of total daily calories) such as 
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Atkins, Protein Power, the Zone, South Beach, and Sugar Busters [ 40 ]. The Institute of Medicine 
(IOM) defi nes a low-carbohydrate diet as a restriction of total CHO to <130 g/day [ 51 ]. The effi cacy 
and safety of low-carbohydrate diets in recent studies has led to a change in the recommendations 
related to the use of such diets. Updated recommendations promote weight loss through either a tra-
ditional low-fat calorie restriction or through the short-term (<2 year) use of a low-carbohydrate 
calorie- restricted diet. Recommendations include the careful monitoring of lipids, renal function, pro-
tein intake in those with nephropathy and attention to adjustment of anti-hyperglycemic therapy [ 2 ]. 
Greater adherence to weight loss diets is associated with greater weight loss and improvements in 
metabolic markers [ 52 ]. The weight loss plan should be selected with consideration for individual 
preferences, likely adherence, treatment goals, and long-term risk vs. benefi t. 

 Recommendations for physical activity should be modest and based on the patient’s willingness 
and ability. The ADA guidelines recommend a goal of at least 150 min/week of moderate intensity 
activity (50–70 % maximum heart rate) over at least 3 days/week. Resistance exercises three times per 
week are also encouraged [ 2 ,  53 ]. It is important to monitor blood glucose levels before exercising in 
people with T1DM because vigorous exercise could lead to hypo- or hyperglycemia, depending on 
the initial blood glucose levels and type of exercise. For planned exercise, a reduction in insulin dos-
age is the preferred method to prevent hypoglycemia. However, for unplanned exercise, an additional 
10–15 g of CHO may be needed for every 60 min of moderate intensity exercise [ 53 ]. A greater 
amount of carbohydrate is required with more intensive exercise. 

 At all stages of CKD, a primary goal for MNT is to prevent protein and energy malnutrition 
(PEM), which increases the risk of poor clinical outcomes, morbidity, and mortality [ 54 ]. Uremia- 
associated anorexia is generally not seen until the later stages of CKD [ 55 ]; however other factors 
such as infl ammatory cytokines and depression may also induce anorexia. The Academy of Nutrition 
and Dietetics (AND) guidelines for CKD in non-dialysis patients recommends 23–35 kcal/kg body 
weight (to prevent malnutrition) [ 56 ]. The NKF KDOQI Nutrition guidelines for Stage 4 CKD recom-
mend a similar high caloric intake with 30–35 kcal/kg/day for individuals >60 years of age and 
35 kcal/kg/day for those <60 years of age, using standard body weight (SBW) based on the second 
National Health and Nutrition Examination Survey data (NHANES II) [ 40 ]. In a review of emerging 
research since the year 2000, and after evidence-based guidelines were published, overall, non- 
dialyzed patients with CKD seem to have lower energy requirements in comparison to both healthy 
controls and maintenance dialysis patients [ 57 ,  58 ]. Suggested reasons for the depressed resting 
energy expenditure (REE) in non-dialyzed CKD patients include an adaptive response to low energy 
intake, impaired energy metabolism of skeletal muscle and impaired glucose oxidation. Comorbidities, 
including diabetes, may have a modest impact on increasing energy expenditure. Only one study by 
Avesani et al. [ 59 ] tried to determine whether the measured resting energy expenditure (MREE) of 
non-dialyzed patients with CKD ( n  = 24) differed from that of non-dialyzed patients with CKD and 
diabetes ( n  = 24, with only three T1DM). The MREE was based on indirect calorimetry using a meta-
bolic cart. Outcomes showed that CKD patients with diabetes had higher MREE (12.5 % higher) than 
those without diabetes, with signifi cant correlations to LBM and creatinine clearance. Multiple regres-
sion analysis showed that having diabetes added 182 kcal to the REE. Dietary energy intakes were not 
signifi cantly different between those with diabetes (mean 23.4 ± 5.4 kcal/kg/day) and those CKD 
patients without diabetes (mean 24.8 ± 6.9 kcal/kg/day). Data related to the actual energy require-
ments in the pre-dialysis population are limited, but seem to suggest that the actual needs are much 
lower than that suggested by the guidelines. Analysis of the validity of prediction equations in this 
population is also limited. A recent study by Kamimura et al. [ 60 ] concluded that the Harris Benedict 
equation accurately predicted REE in patients with diabetes, when compared to indirect calorimetry 
as the standard. Interestingly, in CKD patients without diabetes, the Harris Benedict equation has 
been shown to signifi cantly overestimate REE [ 60 ] although no studies have been completed on 
patients with diabetes and CKD. As a result, the Harris Benedict equation and the suggested 
30–35 kcal/kg/day can be used to determine energy requirements, although both may tend towards 
overestimation in this patient population.  
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    Dietary Strategies for Carbohydrate (CHO) Management 

 Careful management of CHO intake is essential to any diabetes meal-planning approach and focuses 
on distributing carbohydrate load throughout the day. Many dietary strategies can be used to achieve 
carbohydrate consistency, and the registered dietitian is well qualifi ed to match the appropriate meal- 
planning strategy to each patient’s lifestyle and capabilities. 

 A “constant carbohydrate” meal plan suits patients who use diet alone to control their blood glu-
cose levels, those on fi xed doses of insulin or oral diabetes medications, or patients who are not suit-
able for carbohydrate/exchange counting. Emphasis is placed on keeping the amount of CHO 
relatively constant for each meal, spacing meals throughout the day and maintaining consistency in 
meal timing and activity levels. Insulin should be adjusted around usual CHO intake as much as pos-
sible rather than CHO being altered to meet the insulin regimens. Some modifi cations in food choices 
may be needed to accommodate sodium, potassium, and phosphorus restrictions. 

 The “carbohydrate counting” method provides the most fl exibility and is the preferred meal- 
planning approach for adjusting insulin around usual dietary intake. Initially, careful record-keeping 
by reading food labels and measuring portion sizes for CHO foods combined with both pre- and post- 
meal blood glucose readings is essential until an accurate ratio of insulin to grams of CHO (I/C ratio) 
is established. Once established, the patient counts the grams of available CHO to be eaten and then 
matches it with the proper amount of insulin. Ideally, blood glucose readings should be taken before 
each meal and the insulin dose decided based on the amount of carbohydrate to be consumed, the 
blood glucose reading at that time and based on any recent or upcoming activity. This concept requires 
motivation, skill in carbohydrate counting, and self-refl ection to examine whether the patient’s deci-
sions on insulin dosing were correct. It is important to consider healthy eating with a balance of pro-
tein, fat, and other micronutrients so as to avoid excess energy intake and undesired weight gain at the 
expense of tight blood glucose control. Individuals who have pre-meal glucose values within target 
range but who are not meeting A1C targets should consider monitoring 2-h postprandial glucose 
(PPG) after the start of the meal. Treatment should be aimed at reducing PPG values to <180 mg/dL 
and thereby comparably reducing A1C [ 2 ]. 

 Another means of either maintaining carbohydrate intake or counting carbohydrates is to use an 
Exchange List for Meal Planning [ 61 ]. Foods are categorized into food groups with similar amounts of 
CHO, protein, fats, and calories. Foods within each group (e.g., carbohydrate exchanges) can be traded, 
depending on the amounts consumed. Although the exchange lists can provide structure and a high degree 
of metabolic control, they also are complex and complicated for some individuals to understand. 

 Carbohydrates are an essential source of energy for optimal functioning of the brain and central 
nervous system and for exercise performance. Carbohydrates are the main source of dietary fi ber and 
they supply important water-soluble vitamins, minerals, and other phytochemicals and antioxidants 
important for good health. The ADA recommends that CHO be derived primarily from whole grains, 
fruits, and vegetables, and non- or low-fat dairy products [ 2 ]. With decreasing kidney function how-
ever, food choices and portions may need to be adjusted based on serum potassium and phosphorus 
levels. Dietary guidelines for diabetes are often liberalized on the renal diet to provide adequate 
 calories. See Fig.  8.1  for treatment algorithm.

       Glycemic Index 

 Controlling high postprandial blood glucose levels is an ongoing challenge in diabetes management. 
People spend the majority of their day in a postprandial state and it is imperative for optimal glycemic 
control that they achieve target readings post meal [ 62 ]. Both the quantity and the quality of CHO 
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found in foods infl uence PPG levels. Most experts agree, and the ADA’s position is, that the evidence 
for total CHO intake from a meal or snack is a more reliable predictor of PPG [ 53 ,  63 ] and that the 
quality of carbohydrate has a smaller but still signifi cant effect. The main method to categorize CHO- 
containing foods based on their glycemic response is the glycemic index (GI) [ 53 ,  63 ]. Signifi cant 
improvements in postprandial glucose, total cholesterol, and markers of infl ammation have been dem-
onstrated in clinical trials [ 41 ,  64 – 66 ] using low-GI diets. 

 The GI ranks CHO foods based on the effect on postprandial glycemia. Some foods result in a 
marked increase followed by a more or less rapid fall in blood glucose, whereas others produce a 
smaller peak along with a more gradual decline in plasma glucose [ 53 ,  63 ]. Low-GI foods such as 
pasta, parboiled rice, barley, oats, beans, peas, lentils and pumpernickel, rye or whole grains breads 
are recommended in place of higher GI foods to aid in the management of postprandial glucose. The 
specifi c type of CHO (starch vs. sucrose) present in a particular food does not always predict its effect 
on blood glucose [ 41 ]. Foods ingested in 50 g portions are quantifi ed in comparison to a reference 
food, either glucose or white bread, and the increase in blood glucose (over the fasting level) that is 
observed after 2 h determines the GI value for that food. 

 The GI of a food varies substantially depending on the CHO make up of the food, the length of 
time it was stored, how it was cooked, how it was processed, the acid content of the food, its ripeness 
and its variety (e.g., types of potatoes or rice) [ 41 ,  63 ,  64 ]. As such, to maintain the GI as low as pos-
sible, individuals should be counseled to cook pasta al dente and to choose foods that are less 
processed. 

 The International Tables of Glycemic Index [ 75 ], can be useful when a potassium or phosphorus 
restriction is warranted in the face of CKD. First, a number of highly processed convenience foods 
may be removed. Most fruit and vegetables are low GI (ranging from 55 or less on the glucose 

  Fig. 8.1    Stepwise restriction protocol for MNT of diabetes complicated by CKD       
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references range); therefore, the second step towards reducing an elevated potassium level would be 
to examine the fruit and vegetable intake for modifi cations. Third, while most milk products are low 
GI, excessive intakes may lead to hyperkalemia. Reductions below the recommended intake may be 
necessary and as such calcium supplementation may be required. Lastly, many starches and grains 
contain varying levels of potassium and phosphorus and the GI list can assist in selecting foods that 
are low in potassium and phosphorus but also lower on the GI. Some examples include cracked wheat 
bread, sourdough bread, and parboiled rice. See Fig.  8.1  for a stepwise protocol. Alternatively, the 
addition of an acid source such as lemon juice or vinegar to a meal may assist with slowing gastric 
emptying and lowering the overall GI of the meal. 

 In summary, there appears to be a small but signifi cant effect from a low-GI diet over a high-GI 
diet, primarily on PPG. The GI concept can be used as an adjunct to help “fi ne-tune” glycemic control 
and to provide some assistance on managing postprandial glucose levels in the face of a restricted diet.  

    Fiber 

 Fiber intake should be encouraged within the constraints of the progressing renal diet. High-fi ber diets 
(50 g fi ber/day) have been shown to reduce glycemia in subjects with T1DM and T2DM and to reduce 
hyperinsulinemia and lipemia in subjects with T2DM [ 53 ,  63 ] through delaying gastric emptying. 
Potential barriers to achieving such a high-fi ber intake include gastrointestinal side effects and the 
high potassium and phosphorus content of high-fi ber grains, fruits, and vegetables. The ADA position 
as a fi rst priority encourages people with diabetes to aim for the same fi ber intake goals set for the 
general population (14 g/1,000 kcal/day) [ 63 ]. Others recommend slightly higher intakes than that 
recommended for the general population (15–25 g/1,000 kcal) [ 67 ]. Where possible, fi ber intake can 
be sought from increases in low-potassium fruits and vegetables and through the use of fi ber supple-
ments (Table  8.3 ).

       Protein Guidelines for Diabetes and CKD 

 There is no evidence to suggest that protein needs in diabetes are different than that of the general 
population. Although glucose is the primary stimulus for insulin release, protein/amino acids enhance 
insulin release and thus when distributed throughout the day, have been shown to have an overall 
effect on the clearance of glucose from the blood [ 53 ,  63 ,  68 ]. As such, achieving ideal but not exces-
sive protein intakes well distributed throughout the day are encouraged. The 2013 KDIGO guidelines 
for CKD suggest:

   Lowering protein intake to 0.8 g/kg/day in adults with diabetes and a GFR <30 ml/min/1.73m2 as well 
as the recommendation to avoid high protein intakes (>1.3 g/kg/day) in adults with CKD at risk of 
progression. 

This is a change from previous KDOQI guidelines which recommend persons with diabetes consume 
a dietary protein intake of 0.8-0.9 g/kg/day, with at least 50% being from high biological value 
sources such as animal protein, soy and vegetable-based proteins. The KDIGO work group con-
cluded that excess dietary protein leads to the accumulation of uremic toxins [ 200 ].        

 The benefi ts of limiting dietary protein intake are more evident in T1DM than in T2DM, but that 
may be due to fewer studies having been done in the latter population. Based on meta-analyses, low-
protein diets had more pronounced benefi ts in diabetic than nondiabetic kidney disease [ 69 ,  70 ]. 

D. Whitham and A.S. Parpia



115

Even modest limitations of dietary protein (0.89 g/kg BW/day vs. 1.02 g/kg BW/day) substantially 
reduced the risk of progressing to ESRD or death in persons with T1DM initially at stage 2 CKD 
[ 71 ]. A recent Cochrane systematic review, based on 12 studies, concluded that protein restriction 
has a small, nonsignifi cant effect on slowing the progression of diabetic nephropathy [ 72 ]. Prior to 
the widespread use of RAS blockade agents, protein restrictions were found to signifi cantly reduce 
proteinuria; however in a recent meta-analysis, there was no signifi cant improvement in GFR [ 73 ]. 
Due to individual variation, there may be a benefi t on trialing the low-protein range (0.8 g/kg BW) 
and continuing in those who respond best [ 72 ]. Risks related to restricted protein diets (i.e., <0.7 g/
kg/day) include potential for malnutrition [ 56 ]. As was evident in carbohydrates, both amount and 
type of protein are of importance. 

 The KDOQI Diabetes Work Group suggests that the DASH and DASH-Sodium diets [ 74 ] that 
emphasize sources of protein other than red meat may be an alternative to lower total protein intake 
in persons with HTN, diabetes, and in CKD stages 1–2. Diets that emphasize proteins from plant 
sources (vegetables, soy, whole grains, legumes, nuts) instead of animal sources (particularly red 
meat) may be renal-sparing [ 40 ,  73 – 78 ]. 

 In summary, protein intakes should be carefully monitored and be maintained at 0.8 g/kg/BW/day. 
Excessive intakes may accelerate GFR declines and protein restrictions (below 0.7 g/kg/day) have 
demonstrated limited benefi t and are not recommended based on the risk of malnutrition with declin-
ing renal function. Calculating protein requirements for a CKD patient can be accomplished as fol-
lows: (1) multiply the patient’s actual body weight or ideal body weight (if the person is underweight 
or overweight) by 0.8. (2) Multiply the result by 0.5 to account for the percentage of HBV protein in 
grams that one should consume. (3) To convert the high biological value protein requirement from 
grams to ounces, divide the result by 7.  

   Table 8.3    Low potassium sources of fi ber   

 Food item  Serving size  Amount of fi ber (g)  Amount of potassium (mg) 

  Fruits  
 Pear (with skin)  1 Medium  5.0  198 
 Raspberries  ½ Cup  4.2  98 
 Blackberries  ½ Cup  4.0  123 
 Apple (with skin)  1 Medium  2.6  148 
 Blueberries  ½ Cup  2.0  59 
 Strawberries  ½ Cup  1.7  117 
  Vegetables  
 Green peas, canned, drained  ½ Cup  4.0  93 
 Mixed vegetables, boiled  ½ Cup  2.8  163 
 Carrots, boiled  ½ Cup  2.2  194 
 Asparagus  6 Spears  1.8  202 
 Green and yellow snap beans, boiled  ½ Cup  1.6  96 
 Caulifl ower  ½ Cup  1.5  93 
 Cabbage, boiled  ½ Cup  1.3  155 
  Grains  
 Popcorn, air popped  2 Cup  2.4  56 
 Whole wheat pasta, cooked  ½ Cup  2.4  33 
 Cracked wheat bread  1 Slice  1.9  62 
 Instant cream of wheat  1 Cup  1.2  36 

  Created by authors 
  Source : Health Canada. The Canadian nutrient fi le, 2010 version. Ottawa, ONT. Available from   www.healthcanada.
gc.ca/cnf    . Accessed October 24, 2012  
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    Dietary Fat Recommendations 

 Saturated fat and  trans  fatty acids are the principal dietary determinants of plasma LDL-C, the major 
risk factor for CVD. Because individuals with diabetes are considered to be at similar risk for CVD as 
those with a past history of CVD, the most recent guidelines for dietary fat intake (amount and type) 
from the NCEP and the American Heart Association (AHA) would apply. These recommendations 
state that total fat should be 25–35 % of total calories, with saturated fat <7 % and  trans  fat <1 % of 
calories [ 45 ,  79 ]. The KDOQI Diabetes Work Group suggests that increasing the intake of omega-3 
and monounsaturated fatty acids (MUFAs) may provide favorable effects on progression of CKD. 
Few studies have examined the effects of fatty acid intake or supplements on the markers of kidney 
disease and the risk factors in patients with diabetes, and those studies have been short term and in 
small numbers [ 40 ,  80 ,  81 ]. Data from the Outcome Reduction with Initial Glargine Intervention 
(ORIGIN) trial in patients with or at risk of developing T2DM, demonstrated no signifi cant impact of 
at least 900 mg of long chain n-3 daily on major cardiovascular effects, death from any cause or death 
from arrhythmia over a 6-year time period [ 82 ]. 

 The IOM established guidelines for the intake of omega-3 fatty acids. Adequate Intake (AI) of 
alpha-linolenic acid was established at 1.6 g/day for men and 1.1 g/day for women. The more physi-
ologically potent eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) can be substituted 
for up to 10 % of these amounts [ 51 ]. The AHA and the KDOQI Clinical Practice Guidelines for 
Cardiovascular Disease in Dialysis Patients recommends at least 8 oz of oily cold water fi sh weekly, 
which would provide EPA and DHA well within the recommended amounts [ 83 ]. Patients with docu-
mented CHD are advised by the AHA to consume 1 g of EPA and DHA daily, either from fi sh or 
supplements. Under a physician’s care, supplements which provide 2–4 g of EPA + DHA daily are 
recommended for individuals with hypertriglyceridemia [ 79 ].  

    Special Considerations 

    Hypoglycemia/Uremia 

 As kidney function decreases, risk of hypoglycemia increases. Prolonged insulin action and decreased 
renal gluconeogenesis may be the two physiological mechanisms responsible for the increased pro-
pensity towards hypoglycemia in the earlier stages of CKD. As CKD progresses though, uremic 
factors start to play a greater role. Uremic gastroparesis, poor appetite, and taste changes now may 
add to the preexisting risk, combined even further with risk of depression, fatigue, and a progres-
sively restrictive diet and the risk increases sharply. An A1C at target or below may indicate those 
patients with whom to be more cautious of hypoglycemia, but screening for symptoms of hypogly-
cemia in all patients is essential. The 15/15 rule should be used to treat hypoglycemia; namely, take 
15 g of carbohydrate (CHO), wait 15 min, and retest the blood glucose. If necessary, repeat with 
another 15 g of CHO and continue the process until the blood glucose level normalizes [ 53 ,  63 ]. The 
usual methods for treating hypoglycemia may result in fl uid overload and/or hyperkalemia in the 
oliguric patient with diabetes. Better choices that will provide 15 g of CHO are 10 jelly beans, 6 
lifesavers, or commercial glucose tablets. Once the blood glucose returns to normal, if the next regu-
lar meal will be more than 1 h, then the patient should eat a snack with additional CHO to stabilize 
the glucose level [ 53 ,  63 ].  
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    Hyperglycemia and Potassium 

 Hyperglycemia in the setting of a relative insulin defi ciency can cause elevations in blood potassium 
levels. Management of hyperglycemia related to inadequate insulin/medication dosing may help to 
prevent hyperkalemia.   

    Dietary Changes 

 CKD in later stages most often requires strict dietary modifi cation of sodium, potassium, fl uids, and 
phosphorus. The progressive nature of these types of changes should be done while attempting to 
maximize nutritional status. Individuals should be counseled on the risks associated with nonadher-
ence to the diet and that the dietary changes required to manage CKD should be prioritized over the 
previous education related to diabetes management. Focus has shifted to primarily rely on CHO 
amount and quality through different choices (see Fig.  8.1 ) while still attempting to maintain adequate 
fi ber and micronutrients. Maintaining normal serum phosphate levels is key for the prevention of renal 
osteodystrophy. Phosphorus restrictions are not usually seen until the later stages of CKD however, 
counseling regarding a low-phosphorus diet may be required. See Chap.   15     for details. 

    Alcohol 

 General population guidelines recommend moderation in alcohol and further precautions should be 
considered within the context of diabetes and CKD. Consideration should be paid related to medication 
interactions, presence of HTN, lipid metabolism, fl uid balance, and risk for hypoglycemia. The newest 
recommendations come from Health Canada, which allow a moderate amount of alcohol in low-risk 
individuals. A moderate amount of alcohol is considered to be less than two drinks per day for women 
and three drinks or less per day for men in Canada [ 84 ]. Previous recommendations and those still con-
sidered valid from the Centers for Disease Control and Prevention recommend less than one drink per 
day for women and two drinks per day for men [ 85 ]. A standard 15 g portion of alcohol is defi ned as 
12 oz of beer, 5 oz wine and 1.5 oz distilled spirits. Moderate amounts of alcohol can be consumed with 
food without causing hyperglycemia or hypoglycemia [ 86 ,  87 ]. Furthermore, it has been associated with 
a lower risk of coronary death and shown to be protective against the development of coronary heart 
disease in patients with type 2 diabetes [ 88 – 90 ]. Light to moderate alcohol intake has been shown to 
have an inverse association with A1C [ 91 ] and one study demonstrated reno- protective effects and 
reductions in blood pressure in patients with nephropathy [ 92 ]. Excessive alcohol consumption should 
be avoided, and patients taking insulin or insulin secretagogues should consume alcohol with carbohy-
drate containing food to reduce the risk of nocturnal hypoglycemia [ 2 ]. Beer contains high amounts of 
phosphorus and should be discouraged for patients requiring a phosphate restriction. Alcohol should 
also be included in the total daily fl uid allowance for patients requiring fl uid restriction.  

    Nutritive and Non-nutritive Sweeteners 

 Nutritive sweeteners (also known as added sugars) contain carbohydrate and provide energy at appre-
ciable levels (i.e., either 2 or 4 kcal/g) and includes glucose/dextrose, fructose, galactose, maltose, 
sucrose, cane juice and sugar, corn-based sweeteners, fruit juice concentrate, and fruit nectar [ 93 ]. 
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Recent studies have demonstrated that in the setting of excess energy and fat intake, added sugars are 
linked to health conditions such as T2DM, infl ammation, and CVD [ 94 ]. The IOM recommends that 
the intake of added sugars not exceed 25 % of energy, the AHA recommends no more than 100 kcal/
day (25 g or 6 tsp for women) and 150 kcal/day (38 g or 10 tsp for men) [ 95 ]. The WHO, ADA, and 
CDA all recommend no more than 10 % of energy be provided by added sugars which could translate 
to overall intakes greater than that recommended by the AHA. Where possible, adherence to the AHA 
guidelines with an upper maximum limit of 10 % would be optimal. 

 The Food and Drug Administration (FDA) is responsible for evaluating the safety of non-nutritive 
sweeteners (NNS). The recommendations state that sugar alcohols and NNS are safe when consumed 
within the acceptable daily intakes established by the FDA [ 53 ]. Most NNS are excreted unchanged 
in either the urine or the feces meaning that they do not provide energy or of importance in the context 
of CKD, and they do not infl uence potassium levels [ 93 ]. NNS approved for use in the United States 
include Acesulfame K, Aspartame, Luo han guo, Neotame, Saccharin, Stevia, and Sucralose. NNS 
have demonstrated little to no impact in clinical trials on appetite or food intake and can be used as 
part of a weight loss or maintenance program in appropriate intake ranges.  

    Vitamin D 

 It has been generally thought that the kidneys were the only sites of 1-alpha-hydroxylation of calcidiol 
(25(OH)D) into calcitriol, therefore measurement of serum 25(OH)D levels were not as applicable in 
patients with CKD. However, recent data suggest that this conversion also occurs in extra-renal tis-
sues, and therefore there is a role for measuring 25(OH)D levels in this patient population [ 96 – 99 ]. 
Many patients with diabetic nephropathy may have limited daily sun exposure and because of dietary 
restrictions may not consume enough foods fortifi ed with vitamin D. Vitamin D defi ciency is exceed-
ingly prevalent in patients with CKD [ 100 – 102 ], and this may contribute to elevated parathyroid 
hormone levels [ 103 ]. There is little evidence regarding the treatment of vitamin D defi ciency in pre- 
dialysis patients. However, a few studies have demonstrated that treatment with ergocalciferol 
increases 25(OH)D levels and modestly decreases PTH levels [ 103 ,  104 ]. The 2009 KDIGO Guidelines 
recommend that 25(OH)D might be measured in patients with CKD stages 3–5D, with treatment 
similar to that of the general population [ 105 ]. The AND suggests vitamin D supplementation to 
maintain adequate levels of 25(OH)D at or above 75 nmol/L [ 56 ]. Routine supplementation for those 
without defi ciency as per population recommendations is not contraindicated [ 105 ].   

    MNT Summary 

 Table  8.4  summarizes the nutrition recommendations for patients with diabetes and CKD. There is no 
evidence for additional vitamin and mineral supplements in persons with diabetes who do not have 
underlying defi ciencies. Routine supplementation with antioxidants is not advised because of uncer-
tainties related to long-term effi cacy and safety [ 63 ]. A stepwise MNT protocol for CKD (non- 
dialysis) from the authors is presented in Fig.  8.1 .
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       Medicare Reimbursement for MNT 

 Effective January 1, 2002, Medicare benefi ciaries diagnosed with diabetes and non-dialysis kidney 
disease inclusive of post-renal transplant were eligible for reimbursement of MNT. Benefi ciaries must 
have a fasting glucose level >126 mg/dL to meet the diagnostic criterion for diabetes. Chronic renal 
insuffi ciency or non-dialysis kidney disease is defi ned as a GFR of 13–50 mL/min, not severe enough 
to require dialysis or renal transplantation. Effective February 27, 2001, Diabetes Self-Management 
Training (DSMT) services were eligible for Medicare reimbursement. Refer to the Centers for Medicare 
and Medicaid Services (CMS) guidelines published elsewhere for more detail [ 48 ,  108 – 110 ].  

    Pharmacological Management of Diabetes Within CKD 

    Oral Anti-hyperglycemic Agents 

 Oral anti-hyperglycemic agents (AHAs) now include six major classes of medications, all targeted at 
different or multiple metabolic defects of type 2 diabetes or to modify processes related to appetite, 
nutrient absorption, or excretion. The natural progression of T2DM is characterized by insulin 

   Table 8.4    Daily nutrition recommendations for diabetes and chronic kidney disease   

 Nutrient  CKD stages 1–2 
 CKD stages 3–5 
(non-dialysis)  ESRD stage 5 (on dialysis) 

 Protein [ 40 ,  53 ,  56 ]  0.8 g/kg/day  0.8 g/kg/day  Hemo: 1.2 g/kg/day 
     PD: 1.2–1.3 g/kg/day 

 Energy [ 54 ,  56 ,  60 ]  23–35 kcal/kg/day  23–35 kcal/kg/day  Hemo: 30–35 kcal/kg/day 
 Or use HBE  Or use HBE  PD: 30–35 kcal/kg/day 

 CHO [ 40 ,  51 ]  Up to 60 % of energy  Up to 60 % of energy  Up to 60 % of energy 
 Fiber [ 53 ]  Minimum 14 g/1,000 kcal  Minimum 14 g/1,000 kcal  Minimum 14 g/1,000 kcal 
 Sodium [ 40 ,  56 ,  106 ]  <90 mmol/day (<2000 mg/

day) 
   <100 mmol/day (<2,400 mg/day) 

      Further restriction to 
1,500 mg / day may be 
required if fl uid balance or 
hypertension are of concern  

 Fluid  Usually unrestricted  Usually unrestricted  Hemo: 1 L + urine output 
 PD: Individualized 
  Restriction may be required to 

optimize glucose control  
 Potassium [ 56 ]  Individualized restriction 

required if elevated 
serum K 

 <2,400 mg/day if elevated 
serum K 

 Hemo: <2,400 mg/day 
 PD: Individualized 

 Phosphorus [ 107 ]  Individualized restriction 
required if elevated 
serum PO 4  

 800–1,000 mg/day or  Hemo: 800–1,200 mg/day 
 PD: 800–1,000 mg/day 

 Total fat [ 40 ,  51 ]  <30–35 % of energy  <30–35 % of energy  <30–35 % of energy 
 SFA [ 53 ]  <7 % of energy  <7 % of energy  <7 % of energy 
 PUFA [ 48 ]  ~10 % of energy  ~10 % of energy  ~10 % of energy 
 Cholesterol [ 53 ,  65 ]  <200 mg/day  <200 mg/day  <200 mg/day 

  Adapted from multiple sources, 2012  
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resistance and then moves to a progressive loss of beta cell function. At diagnosis, people with T2DM 
usually have less than 50 % of their normal insulin secretion and, after 6 years, less than 25 %. This 
progressive decline in beta cell function is the reason many fail oral therapy and require insulin [ 111 ]. 
It also highlights the importance of the need for dynamic pharmacological management of the 
disease. 

 There are many factors that should be considered during the selection of which agent to initiate 
treatment and which agents to add to an under-effective regimen. The degree of hyperglycemia, the 
risk of hypoglycemia, treatment effi cacy, contraindications, side effects, and other comorbid condi-
tions should be considered. Additionally an individual’s age, access to food, personal preference, 
adherence, and their ability to make additional lifestyle modifi cations should be considered in the 
choice of medication. The AHAs can be divided into three main groups: (1) those targeting insulin 
resistance (biguanides, thiazolidinediones [TZDs]); (2) those targeting insulin secretion (sulphonyl-
ureas, meglitinides, incretin-based therapies); and (3) those targeting postprandial glycemia (alpha- 
glucosidase inhibitors). While incretin-based therapies act on multiple defects, their primary action 
relates to a blood glucose stimulated insulin response. To achieve the currently recommended 
evidence- based glycemic target A1C of 7 % or less, better control of postprandial hyperglycemia is 
needed. This is because as blood glucose control approaches target levels, postprandial blood glucose 
makes a proportionally greater contribution to overall glycemic exposure [ 112 ]. Metabolic clearance 
of many medications and their active metabolites is an issue with renal impairment that increases the 
risk of hypoglycemia. Along with reductions in medication clearance, there is also a reduction in renal 
gluconeogenesis, a progressive increase in uremic toxins and the potential for a decreased intake, all 
of which highlight that the selection and management of patients on AHAs should be done with the 
consideration of the risk of hypoglycemia [ 40 ]. See Table  8.5  for a summary of available therapies and 
Fig.  8.2  for safety considerations in CKD.

       Medications Targeting Insulin Resistance 

    Metformin 

 Metformin, generally considered to be the drug of choice in T2DM in that it is an effective treatment 
of insulin resistance, has few side effects and does not cause hypoglycemia, is contraindicated in 
patients when renal function is not known, because of risk for lactic acidosis [ 113 ]. Prescribing guide-
lines in the United States warn against Metformin use at serum creatinine levels of >124 or 133 mmol/L 
in women and >1.4 or 1.5 mg/dL in men respectively. Many guidelines suggest that Metformin can be 
continued at a reduced dose in people with stable stage 3 CKD but that it should be stopped during 
times of acute illness especially in those patients who are also taking renin-angiotensin blockers or 
diuretics and discontinued completely in severe CKD.  

    Thiazolidinediones 

 TZDs are effective medications aimed at reducing insulin resistance as they are hepatically metabo-
lized and do not cause hypoglycemia. As a result, there is no dose adjustment required for CKD; 
however, the side effects of TZDs, namely fl uid retention, limit their usefulness in moderate to severe 
CKD. Rosiglitazone use is now highly restricted in many countries related to increased risk of myo-
cardial infarction [ 114 ] and Pioglitazone has some data suggesting a link towards increased risk of 
bladder cancer [ 115 ].   
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    Table 8.5    Medications      

 Class  Oral agent  Action 
 Effi cacy 
(A1C %)  Side effects  CKD cautions 

  Secretagogues : 
  Sulphonylureas  Glyburide  ↑ Insulin secretion  1–2  Minimal to 

signifi cant 
hypoglycemia, 
weight gain 

 Hypoglycemia due 
to renal 
excretion (less 
risk with 
repaglinide) 

 Glipizide 
 Glimepiride 
 Gliclazide 

  Meglitinides  Repaglinide 
 Nateglinide 

 Biguanides  Metformin  ↓Hepatic glucose 
production 

 1–2  GI side effects  Contraindicated if 
eGFR 

 Vitamin B12 
defi ciency 

 <30 mL/min and 
use with 
caution in those 
30–60 mL/min 

 TZD  Pioglitazone  ↑ Insulin sensitivity  1–2  Weight gain, edema, 
heart failure, 
Bone fractures 

 Caution with use 
in CKD related 
to fl uid 
overload 

 Rosiglitazone 

 Alpha- 
glucosidase 
inhibitors 

 Acarbose  Inhibits intestinal 
digestion/
absorption 

 0.5  GI side effects  Not recommended 
in severe CKD 
(<30 mL/min) 

 Miglitol 
 Voglibose 

 GLP-1 receptor 
agonists 

 Exenatide  ↑Glucose dependent 
insulin secretion 

 1–2  GI side effects, 
weight loss 

 Exenatide is not 
recommended 
for use in GFR 
<30 mL/min 
and should be 
used with 
caution in GFR 
30–50 mL/min. 
No long-term 
data on 
Liraglutide and 
therefore not 
recommended 
beyond mild 
renal 
insuffi ciency 

 Liraglutide  Slows gastric 
emptying and 
enhances satiety 

 DPP-4 inhibitors  Sitagliptin  Prolongs survival of 
endogenously 
released incretin 
hormones 

 1  Urticaria/
angioedema 

 Long-term safety 
unknown  Vildagliptin 

 Saxagliptin 
 Linagliptin 

 Insulin  Basal:  ↑ Glucose disposal  Unlimited  Hypoglycemia  Caution related to 
hypoglycemia 
risk 

  NPH  Weight loss 
  Glargine 
  Detemir 
 Bolus: 
  Regular 
  Aspart 
  Lispro 
  Glulisine 
  Pre-mixed 

  Adapted from multiple sources  
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    Medications Targeting Insulin Secretion 

    Sulphonylureas 

 Sulfonylureas should be avoided in patients with severe CKD because they rely on the kidney for 
elimination of the drug and active metabolites, which could result in prolonged action and a greater 
risk of hypoglycemia [ 40 ]. In earlier stages of CKD, sulfonylureas should be used with caution and 
may require dose adjustment to prevent hypoglycemia.  

    Meglitinides 

 Meglitinides have a shorter duration of action than sulphonylureas and low rates of renal excretion 
and as such have less risk of hypoglycemia. Generally, no dose adjustment is required for patients 
taking meglitinides through the progressive loss of renal function.  

Antihyperglycemic Agents and Renal Function

Not recommended / contraindicated SafeCaution and/or dose reduction

Repaglinide

Metformin 30 60

Saxagliptin

Linagliptin

Glyburide 30 50

Thiazolidinediones 30

GFR (mL/min): < 15 15-29 30-59 60-89 ≥ 90

CKD Stage: 5 4 3 2 1

Gliclazide/Glimepiride 15 30

Liraglutide 50

Exenatide 30 50

Acarbose 25

Sitagliptin 50

5015 2.5 mg

15

30 50 mg25 mg

  Fig. 8.2    Medication recommendations for use according to CKD stage. Reprinted from Can J Diabetes, 37(suppl 1), 
Harper W, Clement M, Goldenberg R, et al., Canadian Diabetes Association 2013 Clinical Practice Guidelines for the 
Prevention and Management of Diabetes in Canada: pharmacologic management of type 2 diabetes. S61–S68, Copyright 
2013, with permission from Elsevier       
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    Incretin-Based Therapies 

 Incretins are hormones that enhance insulin secretion in response to elevated blood glucose levels 
from oral intake by stimulating the beta cells of the pancreas to produce insulin only during appropri-
ate times. They also suppress the secretion of glucagon in the presence of hyperglycemia (which helps 
decrease hepatic glucose output) and slows gastric emptying, both of which help improve blood glu-
cose regulation [ 116 ]. Glucagon-like peptide-1 (GLP-1), secreted by intestinal cells, appears to be the 
major mediator of the incretin effect as it binds to receptors in the pancreas, stomach, lung, and brain, 
and it also stimulates insulin secretion from the pancreas in response to high blood glucose levels [ 117 ]. 
Injectable GLP-1 receptor agonists include Exenatide (Byetta ® ) and Liraglutide (Victoza ® ) both of 
which consistently demonstrate an approximate 1 % reduction in A1C levels combined with weight 
loss in some individuals. Exenatide should not be used in patients with a GFR less than 30 mL/min 
and should be used with caution in patients with a GFR between 30 and 50 mL/min. No dose adjust-
ment is required with Liraglutide in patients with renal insuffi ciency; however, there are few studies 
in patients with moderate and severe CKD and therefore it should be used with caution. Another 
member of the incretin family, DPP-4 Inhibitors, potentiates the postprandial GLP-1 response. 
Sitagliptin is not recommended in patients with moderate (GFR 30–50 mL/min) to severe CKD 
(GFR < 30 mL/min); linagliptin is not recommended in severe CKD and a 2.5 mg dose of saxagliptin 
is now allowed in moderate to severe renal insuffi ciency but it should not be used in hemodialysis 
patients. No dose adjustment is required for those DPP-4 inhibitors recommended for use in mild–
moderate renal insuffi ciency.   

    Medications Targeting Postprandial Glucose 

 Active drug and metabolites of Alpha-glucosidase inhibitors have been found in patients with 
renal insufficiency and as such the drug is not recommended for use in patients with severe 
CKD [ 118 ]. 

    Insulin 

 Insulin therapy with delivery through syringe, pen, or insulin pump technology remains the mainstay 
of treatment for people with T1DM and used frequently in patients with T2DM. Prandial (mealtime 
or bolus) insulin is classifi ed according to the duration of action as either rapid or short acting insulin. 
Basal insulin is also classifi ed in the same manner as either intermediate or long acting. Pre-mixed 
insulin is available and includes combinations of prandial insulin with an intermediate basal. Insulin 
selection and dosing is very patient specifi c and should be tailored to the individual’s diet, lifestyle, 
motivation, and self-management skills in addition to the treatment goals, risk, and awareness of 
hypoglycemia. In individuals with T2DM, the progressive nature of the disease results in the frequent 
use of insulin upon failure of AHAs. In contrast to the traditional approach to insulin initiation, some 
studies have shown that beta cell function may be preserved with early insulin therapy which reduces 
the initial “glucose toxicity” [ 119 ]. Simply introducing a once daily injection of a basal insulin at 
bedtime, such as insulin glargine, detemir, or NPH, to an existing oral regimen can help reach glyce-
mic goals [ 120 ]. 

 Basal/bolus regimens using intermediate or long acting insulin once or twice daily with mealtime 
short or rapid acting insulin to cover the carbohydrate content of each meal are commonly prescribed. 
Such regimens increase fl exibility in managing variable meal times, exercise and carbohydrate content 
and type. Hypoglycemia remains the most common side effect and barrier towards optimal glycemic 
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control with insulin. Insulin is both hepatically metabolized and renally excreted and as CKD pro-
gresses, the duration of insulin action may be extended thereby trending the patient towards hypogly-
cemia. Peakless basal insulin has demonstrated signifi cant reductions in nocturnal hypoglycemia when 
used to replace intermediate insulin. Additionally, rapid acting insulin analogues have a reduced fre-
quency of hypoglycemia and should be considered for use in individuals with diabetic nephropathy. 

 In consideration of patients with diabetic nephropathy, rapid acting insulin analogues can easily 
maintain postprandial glucose within target range even in the face of changes to meal compositions 
that have limited fi ber and a higher GI. Management of blood glucose during times of poor or variable 
appetite, uremic gastroparesis, and delayed meal times can be best accomplished with a more physi-
ological approach to insulin management through a long acting basal and rapid bolus regimen. Pre-
mixed insulin regimens in contrast require consistent meal times, carbohydrate intake, and snacks to 
reduce the risk of hypoglycemia.   

    Other Medications 

 Bile acid sequestrants that bind bile acids in the intestine and increase bile acid production in the liver may 
have some benefi t in decreasing hepatic glucose production [ 121 ] and increasing incretin levels with 
modest effects on A1C [ 197 ]. Dopamine 2 agonists such as probably bromocriptine also have demon-
strated some modest effects on A1C through activation of dopaminergic receptors and an effect on insulin 
sensitivity [ 198 ]. Amylin mimetics such as pramlintide activate amylin receptors with impact on gastric 
emptying and satiety levels and ultimately postprandial glucose excursions and weight [ 122 ].  

    Self-Monitoring of Blood Glucose 

 The frequency for Self-Monitoring of Blood Glucose (SMBG) should be determined by the self- 
management skills of the individual, the type of insulin regimen and the ability of the patient to adjust 
the dose of insulin, food intake, or exercise in response to the information obtained. The ADA recom-
mends a minimum of once-daily monitoring for patients on insulin or insulin secretagogues to assist 
in the prevention of hypoglycemia [ 53 ]. However, to obtain optimal glucose control, it is necessary for 
a patient using insulin therapy to test a minimum of three times per day to detect variations in blood 
glucose levels that may require adjustments in insulin dosages [ 2 ]. 

 The optimal frequency and timing of SMBG for patients with T2DM is not known, but should be 
suffi cient to reach glucose goals [ 2 ]. Timing of the blood glucose test should take into account the 
potential for hypoglycemia that is higher in progressive CKD. As such, close examination of the 
effects of exercise and activity are necessary as would the concern for extended insulin action and 
peak with intermediate insulin.

        ESRD and DM 

 Diabetes is the most common cause of end-stage renal disease (ESRD) and those dialysis patients with 
diabetes mellitus (DM) have a lower survival rate compared to non- diabetics with ESRD [ 121 – 124 ]. 
Furthermore, these patients have the poorest rehabilitation potential and the highest incidence of hos-
pitalizations, mostly attributable to cardiovascular events [ 125 – 127 ]. 
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 Worsening insulin resistance is a recognized complication of advanced kidney disease. Although 
the causal mechanism remains unknown, factors such as infl ammation, vitamin D defi ciency, meta-
bolic acidosis, increased fat mass, and accumulation of “uremic toxins” are thought to negatively 
affect insulin resistance [ 128 ]. 

 Renal fi ltration of insulin is also affected as kidney disease progresses to its advanced stages. Once 
the GFR drops below 20 mL/min, the kidneys are unable to adequately metabolize insulin and there 
is a related decline in hepatic insulin metabolism [ 129 ]. This leads to a high risk of hypoglycemic 
events [ 130 ,  131 ]. Thus, as kidney function deteriorates further in ESRD, many patients require 
reduced amounts, or even cessation, of exogenous insulin, insulin secretagogues, and renally cleared 
medications [ 132 ,  133 ]. 

 Therefore, the management of blood glucose in ESRD is complicated by various factors that either 
decrease or increase insulin requirements. Hence, glycemic control differs for each patient, and indi-
vidualized therapy is required. To further complicate the issue of optimizing glycemic control, both 
hemodialysis and peritoneal dialysis (PD) are comprised of unique aspects that affect the management 
of DM.  

    Hemodialysis 

 Hemodialysis (HD) is the most common form of RRT used to treat people with DM [ 122 ,  125 ]. Poor 
glycemic control upon initiation of HD indicates worse survival [ 134 ,  135 ]. MNT for patients with 
diabetes on hemodialysis remain the same as that outlined by KDOQI [ 40 ] but with consideration for 
additional acute complications (e.g., hypoglycemia). 

 Dialysis treatment schedules may interfere with a patient’s usual meal time, and posttreatment 
fatigue may impede intake. Furthermore, hemodialysis patients generally consume fewer calories on 
dialysis days, compared with non-dialysis days [ 136 ]. These factors can precipitate hypoglycemia; so 
a patient may need to eat before coming to treatment and/or bring a snack to consume after. It is 
important to encourage regular eating habits to promote consistent blood glucose patterns. In addition, 
insulin regimens which offer greater fl exibility and insulin secretagogues with a shorter half life may 
have added benefi ts with the potential for variable dietary intakes. 

 There are varying concentrations of dialysate glucose that can be given during a dialysis session. 
In general, glucose-containing dialysate solutions may prevent glucose losses, and therefore reduce 
the risk of hypoglycemia [ 137 – 139 ].  

    Peritoneal Dialysis 

 The management of DM in peritoneal dialysis (PD) is especially challenged by the use of hypertonic 
dialysis solutions. Side effects related to intraperitoneal (IP) exposure to high glucose concentrations 
may include acute hyperglycemia, an infl ammatory state, hyperlipidemia, fi brosis, enhanced protein 
loss, generalized intra-abdominal fat accumulations, increased risk of CVD, weight gain, and obesity; 
and the underlying diabetic state may compound or exacerbate these problems [ 140 – 142 ]. In addition, 
glucose degradation products or advanced glycation end product formation may directly or indirectly 
lead to peritoneal membrane alterations, such as peritoneal fi brosis, neoangiogenesis, and increased 
membrane permeability, which can lead to problems with ultrafi ltration (UF) [ 141 ,  143 ,  144 ]. 
Strategies to reduce glucose-related toxicity include carbohydrate sparing dialytic regimens, such as 
amino acid-based fl uids and icodextran. Icodextran is a glucose polymer-based solution which may 
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provide better glycemic control, increase UF volume, improve blood pressure control and be less 
hyperlipidemic [ 141 ,  144 ,  145 ]. 

 Glycemic control is complex with PD, and poor glycemic control can increase thirst which may 
lead to fl uid retention [ 146 ]. Sodium and fl uid control is essential to adequate glycemic control in PD 
to optimize ultrafi ltration, resulting in the use of lower percent glucose dialysate solutions which may 
subsequently lead to less IP glucose absorption and could minimize hyperglycemia. 

 The use of IP insulin has several advantages, including eliminating the need for subcutaneous 
insulin injections, providing a continuous and more rapid absorption directly into the portal vein and 
thus the potential for less hepatic glucose production. The latter may lead to improved glycemic con-
trol and insulin sensitivity [ 140 ,  142 ,  145 ,  147 ,  148 – 151 ]. Potential disadvantages with this form of 
therapy include increased insulin requirements due to insulin activity loss as there is dilution with the 
PD infusion [ 125 ]. In addition, there is an increased risk of bacterial contamination during injection 
of insulin into the dialysate bags, as well as peritoneal fi broblastic proliferation and hepatic subcapsu-
lar steatosis, which is associated with hypertriglyceridemia, obesity, fatty liver infi ltration, and nonal-
coholic steatohepatitis [ 142 ,  151 ,  152 ]. MNT intake targets are outlined within Table  8.4 .  

    Monitoring Glycemic Control 

 The goals for monitoring glycemic control in people receiving maintenance dialysis are similar to 
those without RRT, but exact target levels for best outcomes have not been clearly established. 
Evidence exists to suggest that adequate monitoring of glucose in dialysis patients is uncommon 
despite the risk of additional diabetes-related complications [ 153 ,  154 ]. The Kidney Disease Outcomes 
Quality Initiative (KDOQI) Guidelines for Cardiovascular Disease in Dialysis Patients recommend 
that the ADA guidelines for monitoring glycemic control in people with DM be followed [ 155 ]. It is 
also important to monitor plasma glucose levels of patients without DM, as patients may develop DM 
after the initiation of dialysis, especially those receiving peritoneal dialysis [ 156 ]. Although current 
recommendations generally target an A1C of less than 7 %, there is concern about the accuracy and 
interpretation of the values in ESRD. 

 A1C levels may under-represent glycemic control due to decreased red blood cell survival, iron 
defi ciency, recent transfusion, and metabolic acidosis [ 154 ,  156 – 161 ]. Conversely, carbamylated 
hemoglobin formation due to urea dissociation may falsely increase values. Recent data suggests that 
using multiple measurements of A1C, over extended periods of time is more reliable, and is associ-
ated with U- or J-shaped mortality outcomes [ 162 – 165 ]. Therefore, A1C can provide valid results for 
most patients with stage 5 CKD with appropriate methodology [ 166 ]. 

 Other potential methods used to monitor glucose include fructosamine and glycated albumin. 
Fructosamine measures glycemia over a shorter 2–3 week period. A high protein turnover rate 
such as in dialysis may affect use of fructosamine, while a high urate level may interfere with 
assay results [ 154 ]. As such fructosamine is less reliable than A1C, especially with PD [ 154 ,  161 , 
 165 ]. Glycated albumin measures the percentage of albumin that is glycated, and also measures 
glycemia over a 2–3 week period [ 167 ]. It has been suggested that glycated albumin may be more 
accurate in assessing glycemic control in dialysis patients [ 168 ]. However, its disadvantages 
include that it may be impacted by proteinuria and abnormal albumin levels, a common occurrence 
in dialysis patients [ 166 ,  169 ]. 

 Given the perceived lack of accuracy with A1C, the paucity of data surrounding the optimal frequency 
and times to monitor blood glucose levels and the variability in treatment modalities and intake day to 
day, self-monitoring blood glucose (SMBG) should be encouraged. SMBG is especially indicated 
with insulin use to detect and deter asymptomatic hypoglycemia and hyperglycemia; it is usually 
recommended three to four times per day, with unknown optimal frequency when oral agents are 
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prescribed [ 170 ]. A single random test is a poor guide to overall glycemic control; and checking 
 fasting values alone may be insuffi cient, as PPG reduction may signifi cantly impact A1C, while low-
ering cardiovascular risk [ 154 ,  171 ,  172 ]. The inconvenience of SMBG to capture night time glucose 
control with PD signifi es a potential role for continuous glucose monitoring [ 154 ,  173 ]. It is important 
to note that glucose polymer-based peritoneal dialysate solutions (icodextran) may interfere with 
glucose dehydrogenase-based glucometers giving false readings, so a compatible glucometer is 
needed [ 154 ]. In conclusion, glycemic control is best evaluated by monitoring regular measurements 
of both SMBG and A1C [ 170 ].  

    Medical Nutrition Therapy on Dialysis 

 The nutritional therapy of patients with DM who are receiving maintenance dialysis are similar to 
those in the later stages of CKD, with the exception of protein requirements, and generally stricter 
restrictions of phosphorus, potassium, and fl uid. In the ESRD population, there is a high incidence of 
protein-energy malnutrition related to many factors, including but not limited to amino acid losses 
through dialysis, metabolic acidosis, and uremia-associated anorexia. Recommended protein intake is 
1.2 g/kg/day for hemodialysis patients and 1.2–1.3 g/kg/day for peritoneal dialysis patients, with the 
source of protein being at least 50 % high biological value protein [ 174 ]. Optimizing carbohydrate 
distribution to achieve euglycemia, minimizing dyslipidemia, and attaining a total energy intake 
appropriate for weight management should continue to be encouraged. In addition, patients should be 
educated regarding appropriate hypoglycemia management with consideration of potassium and fl uid 
restrictions. 

 The ADA promotes a diabetic diet that considers personal and cultural preferences, and the life-
style of the patient while respecting the individual’s desires and willingness to change [ 170 ]. It is 
unwise to assume that a good understanding of diabetes management already exists when a patient 
with diabetes begins dialysis. The patient is often overwhelmed by multiple dietary restrictions and 
food previously allowed may now need to be restricted. There may also be diffi culty in coordinating 
the dietary recommendations into a cohesive meal plan. The ability to interchange carbohydrate units 
is complicated by the potassium and phosphorus content of the foods. Alternatives to traditional bed-
time snacks and treatment for hypoglycemia may be indicated, although long-standing habits are not 
easy to change. Renal diabetic exchange lists can classify food groups for meal patterns, but it is 
important that the patient understands and is able to integrate the rationale and basic concepts of nutri-
tion goals for DM and dialysis to further dietary acceptance and foster adherence.  

    Malnutrition 

 Diabetes is the most signifi cant predictor of loss of LBM in dialysis patients, independent of inade-
quate dialysis dose, metabolic acidosis, and insuffi cient protein intake [ 127 ]. In comparison to ESRD 
patients without DM, patients with DM have increased muscle breakdown [ 128 ,  175 ,  176 ]. A higher 
incidence of protein malnutrition with dialysis and DM may not be a direct death risk [ 177 ], however, 
the association with other death risk factors cannot be dismissed. 

 Oral nutrition supplements (ONS) may be useful to increase protein and caloric intake. Specially 
formulated products for diabetes may not be necessary, as the ADA standards allow substitution of 
sucrose for other carbohydrates in the meal plan [ 170 ]. The choice of an ONS should be based on 
overall nutrient profi le to meet the individual’s metabolic needs and the palatability and affordability 
of the product.  
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    Fluid Control 

 Fluid control may be more diffi cult in patients with DM because hyperglycemia may increase thirst 
and urination. In those with diabetic neuropathy, symptoms of dry mouth, decreased salivary fl ow 
rates, and the effects of xerogenic drugs may worsen control [ 178 – 182 ]. Fluid intake may be higher if 
dental problems impair chewing or if gastroparesis is severe and solid food is not tolerated. Patients 
should be educated on tips to control thirst without further exacerbating hyperglycemia. Tips may 
include, brushing or rinsing teeth more often, sucking on a lemon or lime wedges, using ice chips in 
limited quantities, and using sugar- free gum or candies.  

    Gastroparesis 

 Gastroparesis is defi ned as non-obstructive delayed gastric emptying with impaired gastric acid secre-
tion and GI motility [ 183 ]. It is a common complication in patients with long-standing diabetes due to 
autonomic neuropathy; however it can also occur in non-diabetics [ 184 ,  185 ]. Although the preva-
lence of gastroparesis in ESRD is unknown, it has been estimated that diabetic gastroparesis can affect 
up to 30 % of patients with ESRD [ 186 ]. Furthermore, some studies have identifi ed delayed gastric 
emptying in approximately 50 % of patients undergoing peritoneal dialysis [ 187 – 189 ]. 

 Symptoms include early satiety, postprandial fullness, anorexia, nausea, bloating, belching, epi-
gastric discomfort, abdominal pain, and emesis of undigested food [ 47 ,  183 ,  190 – 193 ]. Unexplained 
and erratic blood glucose levels may often lead to the diagnosis of gastroparesis. Although normaliza-
tion of blood glucose levels may improve gastric emptying, gastroparesis complicates the balance 
between insulin timing and food absorption. Less insulin may be required with decreased gastric 
emptying to maintain euglycemia, and rapid acting insulin may increase the risk of hypoglycemia 
with delayed absorption, inability to consume full anticipated meal or with loss of meal due to emesis 
[ 194 ,  195 ]. Prolonged insulin action with stage 5 CKD further complicates this scenario. 

 Patients with gastroparesis may be at risk for fl uid, electrolyte and nutrient defi cits, anorexia and 
malnutrition, especially if they experience frequent nausea and vomiting [ 196 ]. Dialysis patients with 
diabetes who complain of early satiety, bloating and/or nausea and have weight loss, should be screened 
for gastroparesis [ 196 ]. ONS may be considered, as liquid supplements are energy and nutrient dense, 
and empty more easily from the stomach compared to solid foods. Solid foods may be better tolerated 
earlier in the day, while liquids can be consumed later in the day as early satiety  worsens [ 196 ]. 

 Fat delays gastric emptying, while high-fi ber foods may lead to the formation of bezoars. Food 
remaining in the stomach for a long period of time can lead to fermentation and bacterial overgrowth 
or hardening into solid masses, known as bezoars, which can cause nausea, vomiting, and obstruction 
of the small intestine. Therefore, a low-fat and low-fi ber diet is recommended for patients with gas-
troparesis [ 183 ,  196 ]. 

 Since large-volume meals can delay gastric emptying as well, small, frequent meals should be 
encouraged [ 183 ,  196 ]. Patients should be advised to eat high protein foods fi rst and to minimize 
fl uids with food to combat early satiety. Meals should be as consistent as possible in carbohydrate 
content and food should be chewed thoroughly [ 47 ,  196 ].  

    Summary 

 The incidence of both diabetes and CKD is on the rise. Living with either diabetes or CKD is chal-
lenging for anyone. Managing diabetes in the presence of CKD requires additional effort on the part 
of the patient and the health-care team to improve outcomes and to decrease morbidity and mortality 
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in this population. Because of the complexity of diabetes and CKD and their comorbidities, multiple 
drug therapies, in conjunction with MNT, are necessary to achieve the goals of therapy; therefore, 
patient adherence becomes a serious concern. The nutrition needs of patients with diabetes and CKD 
change as the progression and treatment of the disease changes. Understanding the treatment goals at 
each stage is crucial to optimize the nutritional status of patients throughout the course of their disease 
and to individualize their education and meal plans accordingly [ 47 ].  

    Case Study 

 E.C. is a 58-year-old woman initially referred for MNT due to hyperkalemia and seen for 1 month 
follow up today. Her past medical history reveals T2DM × 19 years, HTN, hyperlipidemia, CKD, 
anemia, gout, arthritis, obesity, retinopathy, and proteinuria. 

 Current medications include Humalog Mix 25: 80 U a.m. and 90 U with supper; Crestor 20 mg; 
Lasix 80 mg; Vasotec 40 mg bid; Atenelol 100 mg; Losartin 100 mg; Norvasc 10 mg; Allopurinol 
100 mg; Cardura 4 mg; Colchicine 0.6 mg; Procrit 8,000 U SC q wk; MVI daily. 

 Her physical exam presents with Ht: 5′4″; Wt: 208 lb (today); Wt: 205 lb (1 month ago); BP 
140/90 mmHg; pedal edema 2+. Laboratory data included: A1C 8.5, Glucose 193 mg/dL (fasting); 
SCr. 2.6 mg/dL; MAC 123 mm; Hgb 10.1 g/dL; TC 201 mg/dL; TG 671 mg/dL; HDL 32 mg/dL; LDL 
unable to calculate; ACR 7.4; GFR 32 mL/min, K 5.5 mmol/L. She routinely only checks BG 2× per 
day at a.m. and before supper; reports 6–8 episodes of hypoglycemia in the past month; did not bring 
meter or BG log with her. 

 She is married; works 7 a.m. to 3 p.m. as a computer analyst for a large company; quit smoking 18 
years ago; no alcohol consumed. She complains of swelling in feet and does not regularly exercise; 
reports balance/stability problems with gout and excess weight. 

 Dietary history revealed that she eats out daily on weekdays for lunch although the time varies 
daily. Upon receiving information on the foods high in potassium at her previous visit and from infor-
mation she found on the internet E.C. has cut all whole grains from her diet.  

    Questions 

     1.    What is the patient’s estimated CKD stage? 
 Answer: 32 mL/min = Stage 3 CKD.   

   2.    Since the patient did not bring a meter or SMBG records with her, what is her average blood sugar 
based on her A1C? 

 Answer: Mean plasma glucose 197.   
   3.    What factors may be involved in the poor glycemic control she is experiencing? 

 Answer: Weight gain; symptoms from chronic disease including fatigue, taste changes, waste 
build up, hyperglycemia; insuffi cient insulin dose; inadequate insulin type; poor clearance of insu-
lin; poor or variable dietary intake with potassium restrictions.   

   4.    What dietary protein intake would you recommend? 
 Answer: Based on 0.8 g if using actual body wt (94.5 kg) = 76 g/day.   

   5.    What diet/medication strategies would you suggest to E.C. to manage her erratic blood glucose 
patterns and her hyperkalemia? 

 Answer: Change insulin to multiple daily injection regimen with long acting basal; modify to 
low-potassium fruit and vegetables to minimize hyperkalemia and encourage her to consider 
appropriate carbohydrate choices to prevent hypoglycemia.         
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    Introduction 

 The National Kidney Foundation’s Kidney Disease Outcome Quality Initiative (KDOQI) has pro-
duced a cohort of clinical practice guidelines directed toward improving the quality and breadth of 
care given to patients with chronic kidney disease (CKD) [ 1 ]. The KDOQI Clinical Practice Guidelines 
for CKD: Evaluation, Classifi cation, and Stratifi cation created a clinical action plan that defi ned fi ve 
stages of kidney disease by estimated glomerular fi ltration rate calculated using the Modifi cation of 
Diet in Renal Disease (MDRD) equation [ 2 ]. This classifi cation system redirected the existing focus 
when patients were near or at kidney failure (stage 5 requiring renal replacement therapy such as 
hemodialysis or transplantation) to earlier clinical intervention during stages 1–4 which might delay 
or retard progression. By applying the KDOQI classifi cation system to existing population surveys, it 
is now conservatively estimated that more than 20 million Americans (one out of nine adults) have 
some risk factors for CKD [ 2 ]. 

 Recent analyses have suggested an increase in cardiovascular disease (CVD) as high as 100 % 
greater in CKD compared to the general population even when matching for gender, race, age, and 
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other confounding risk factors. Control of dyslipidemia in earlier stages of CVD may help lower or 
prevent cardiovascular risk [ 3 ,  4 ]. 

 Lipid screening was added to the expanded activities for the National Kidney Foundation’s Kidney 
Early Evaluation Program (KEEP) beginning in 2006 [ 5 ]. The American Kidney Fund’s multiple 
screening projects [ 6 ] and the National Institute of Diabetes and Digestive and Kidney Disease’s 
National Kidney Disease Education Program (NKDEP) [ 7 ] both include lipid levels as part of their 
CKD risk factor evaluation. The KDOQI Clinical Practice Guidelines for managing dyslipidemia in 
CKD focus on patients undergoing renal replacement therapy in stage 5 [ 4 ]. This chapter will focus 
on the defi nition and treatment of dyslipidemia in stages 1–5 of CKD.  

    Pathophysiology 

 Dyslipidemia is defi ned as elevated serum levels of lipid components in the blood: total cholesterol 
(TC), high-density lipoproteins (HDL), low-density lipoproteins (LDL), and other lipid particles such 
as triglycerides [ 8 ]. Abnormal lipid profi les are seen in kidney function impairment and particularly 
in protein-losing nephropathies such as nephrotic syndrome [ 4 ]. 

 Lipid metabolism, specifi cally cholesterol synthesis, takes place in the liver. The liver produces 
bile which is the primary lipid-reducing agent stored in the gallbladder. Cholesterol can be synthe-
sized in the liver, cholesterol can be removed from circulating lipoproteins, and cholesterol can also 
be directly absorbed from the small intestine from cholesterol secreted in the bile or from dietary 
cholesterol. Excess circulating cholesterol results in hyperlipidemia. Individual variation in lipid 
response comprises differences in absorption or biosynthesis of primary and receptor-mediated lipid 
products that may or may not be CKD related. Chronic elevation may lead to deposits on inner arterial 
walls (fatty plaque) resulting in accumulation and atherosclerosis. 

 The process of reverse cholesterol transport also exists whereby cholesterol may be removed from 
areas of lipid accumulation and returned to circulation. The exact mechanisms responsible, however, 
are still being understood. HDL, as the primary carrier, transports cholesterol back to the liver where 
it is either reused or excreted. This metabolic process uses a cohort of enzymes and protein pathways 
to decrease monocyte penetration of wall sites. Macrophages attract oxidized LDL which appears to 
increase infl ammatory effects [ 8 ]. 

 Serum triglycerides, represented primarily as chylomicrons, move into the lymphatic system. 
From this point, they enter directly into blood circulation at the internal jugular and subclavian vein 
junction. The exact role of triglycerides in the CVD process is still evolving. CKD patients often have 
elevated levels in conjunction with other abnormal lipid values. A distinct combined profi le of ele-
vated triglycerides, low HDL, and elevated LDL may represent a more accurate risk scenario [ 9 ].  

    Existing Clinical Practice Guidelines and Peer-Reviewed Recommendations 

 KDOQI suggests that all CKD patients should be managed as high risk using existing lipid guidelines 
for non-CKD high-risk patients. Specifi c KDOQI guidelines have been published for dyslipidemias in 
CKD and are discussed in this chapter [ 4 ,  10 ]. Currently, there are no long-term studies of lipid man-
agement in CKD patients that provide any additional information to direct care. Two systematic 
reviews and meta-analyses supported the benefi cial, low-risk effect of dietary and pharmaceutical 
modifi cations to reduce level of serum lipids in CKD stages 1–4 but reported no clear benefi t in stage 
5 [ 11 ,  12 ]. The role of lowering serum lipids in stage 5 patients currently on hemodialysis remains 
unclear. Two major randomized clinical trials in the dialysis population showed mixed results with 
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cardiovascular outcome. The use of the statin rosuvastatin did lower LDL signifi cantly but did not 
have any benefi t in the combined primary endpoint of death from cardiovascular cases, nonfatal myo-
cardial infarct, or nonfatal strokes in a cohort of over 3,000 hemodialysis patients [ 13 ]. In the SHARP 
trial (Study of Heart and Renal Protection), a combination therapy of simvastatin plus ezetimibe was 
used. The overall conclusion was that this therapy was effective in reducing atherosclerotic events by 
17 % in moderate to advanced CKD patients, but the effect on patients already on dialysis was hard 
to determine [ 14 ]. In a recent observational replication of the 4D study on a large historical dialysis 
organization database, hemodialysis diabetic patients on statin ( n  = 5,144) matched to similar patients 
not treated with a statin ( n  = 5,144) were compared for cardiovascular outcomes. Statin use was asso-
ciated with some decrease in outcomes, but the size of the benefi t was considerably smaller than 
reported in the general population with statin use [ 15 ].  

    Assessment 

    Biochemical 

 Serum lipids should be assessed at the fi rst offi ce visit. Patients may have been screened for TC with 
a non-fasting sample as part of general risk assessment. Ideally, a fasting lipid profi le should be 
obtained. The lipid profi le should include TC, HDL, LDL, and triglycerides. Goal ranges as shown in 
Table  9.1  are the same as the general population [ 9 ,  16 ]. Values reported outside of reasonable labora-
tory parameters should be repeated for reliability. Instructions for at least a 12-h fast should be rein-
forced with the patient prior to blood draws for highest accuracy [ 9 ,  16 ].

   Serum lipids should be drawn annually or whenever a treatment change warrants reassessment of 
effect. Serum lipid patterns may change during CKD stages. The ramifi cations of the duration of lipid 
abnormalities and their relationship to later CVD risk are unknown. When hyperlipidemia is particu-
larly resistant to standard treatment, the clinician may consider additional biochemical testing for 
contributory infl ammatory markers such as high sensitivity (C-reactive protein) [ 4 ,  10 ,  16 ]. Hidden 
sources of infection should be investigated (i.e., foot and nail infection particularly in diabetics) and 
advanced periodontal disease.  

    Physical 

 Measured, rather than self-reported, height and weight should be recorded. The body mass index 
should be calculated and compared to standardized tables for baseline assessment. Patients with fl uid 
accumulation such as edema, amputees, or other body composition imbalances need special adapta-
tions to standardized formulas [ 17 ]. Newer emphasis has been placed on waist-hip circumference as 

   Table 9.1    Goals for fasting serum profi les from the National Institute of Health’s 
National Cholesterol Education Program   

 Fasting parameter (mg/dL)  Optimal  Borderline  High 

 Total cholesterol  <200  200–230  ≥240 
 LDL cholesterol  <100–129  130–159  ≥160 
 HDL cholesterol  ≥60  41–59  <40 
 Triglycerides  <150  150–199  ≥200 

  Adapted from [ 13 ]  
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a more predictive measure of body composition. General adult guidelines are a maximum waist 
 circumference of 102 cm (40 in.) for men and 88 cm (35 in.) for women [ 16 ]. Physical assessment 
should include an evaluation of recommended cardiac activity level and intensity based on American 
Heart Association guidelines in preparation for lifestyle intervention [ 15 ,  16 ]. 

 Patterns of body composition have received some attention in the literature. Ideally, individuals 
should have optimal lean muscle lean mass in proper proportion to adipose tissue to achieve a body 
mass index comparable to healthy body weight. Serum triglycerides are often elevated in conjunction 
with obesity and metabolic syndrome [ 9 ,  15 ,  16 ]. There are several handheld instruments that can be 
used to estimate lean body mass with individual strengths and weaknesses on reliability and validity 
of data over time. Employing a single instrument to track changes of an individual over time using 
their own baseline to measure progress may be more consistent and reliable rather than comparing to 
a heterogeneous group mean or trend. Adipose tissue location, particularly abdominal fat stores esti-
mated by waist circumference, has also been used in cardiovascular risk factor evaluation. 

 A detailed medical history should be taken including but not limited to prior laboratory values, 
family history of associated lipid or vascular disorders, comorbid conditions, and current medications 
[ 4 ,  10 ,  17 ,  18 ].  

    Nutritional 

 A registered dietitian will be most able to evaluate the dietary intake and recommend specifi c food 
changes to promote lower serum lipids. Dietary intake patterns can be assessed by one of several 
methods (see Chap.   3    ). Specifi c attention should be given to the type of fat consumed by saturation 
level, pattern of fat consumption throughout day, and use of fat in food preparation. Detailed informa-
tion from a computer analysis of nutrient content should guide dietary changes [ 4 ,  16 – 18 ]. 

 The Dietary Approach to Stop Hypertension (DASH) study provided evidence to support weight 
reduction as an evidence-based strategy to aid in blood pressure control. As part of this plan, emphasis 
is placed on choosing sources of unsaturated dietary fat to support reduction of serum lipids as well 
[ 19 ]. Adaptations may be required in CKD. The reduction in protein portions may aid in slowing 
progression of CKD. The increase in dairy products may increase serum phosphorus. The increase in 
fruits and vegetables may decrease serum triglycerides by reducing simple sugars but may increase 
dietary potassium. Serum electrolytes should be monitored in later stages of CKD (stage 4). 

 A single educational session will not be suffi cient to enact dietary change. Routinely scheduled 
long-term monitoring is required. The services of a registered dietitian delivered to Medicare-eligible 
patients diagnosed with diabetes and kidney disease prior to dialysis are reimbursable with a referral 
from their treating physician [ 20 ]. Patients undergoing dialysis therapy are covered for nutritional 
services within the center where they receive treatment. This professional assessment and ongoing 
monitoring are essential to attain the dietary goals.   

    Intervention 

    Lifestyle 

 The American Heart Association recommends establishing a consistent daily physical activity pattern 
for all adults. Sustained cardiac activity will promote the use of circulating lipids for energy, rather 
than storage as atherosclerotic deposits. Also regular exercise to achieve a sustained cardiovascular 
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benefi t heart rate level may reduce serum fat particle size [ 21 ]. Patients can visually understand this 
exercise principle if a bottle of salad oil combined with red vinegar is shown fi rst in a resting state of 
separated layers and then shaken (as in exercise) to distribute and reduce the fat particle size. 

 The increased cardiac output and corresponding muscle strength generally have minimal risk when 
undertaken within the context of daily activities found in the home (climbing stairs, walking, vacuum-
ing, carrying groceries). CKD patients should be evaluated for anemia and potential defi ciencies (i.e., 
iron, folic acid, vitamin B 12 ) which can reduce oxygen-carrying capacity of the blood and exhibit 
symptoms of fatigue. The use of erythropoietin, the kidney hormone decreased in CKD, should be 
administered and monitored using updated KDIGO guidelines [ 22 ]. 

 The American Heart Association recommends a minimum of 10,000 steps per day to achieve basic 
cardiac health [ 21 ]. A simple pedometer can be used to record steps taken per day. Complicated mod-
els monitoring stride distances are not necessary. Although the accuracy between pedometers has 
been shown to be variable, the use of the same pedometer by the same patient on a daily basis mini-
mizes variability and provides a consistent baseline measurement upon which to monitor physical 
activity. Physical activity can be increased by small increments of as few as 100–250 steps per day 
until the minimal goal has been reached or as higher goals are attained. The use of a pedometer should 
become routine over time. The placement of the pedometer in relation to the hip fl ex movement is 
important to obtain accurate and consistent results. 

 To sustain motivation, many individuals benefi t from pairing with a “walking buddy” or walking 
group to provide continuous support and activity opportunities. For example, individuals who own 
dogs often increase their daily walking frequency and distance when compared to individuals who do 
not. Social support generally has been shown to decrease relative risks of death in both the general and 
chronic disease populations.  

    Dietary 

 The general dietary principles to treat dyslipidemia by diet in CKD stages 1–5 are shown in Table  9.2 . 
The key component of dietary intervention is type and amount of fat consumed with emphasis on 
reducing saturated and  trans -fatty acid content. The type and amount of simple carbohydrate is also 
important when treating elevated serum triglycerides [ 9 ]. These general population goals are appro-
priate for both healthy and CKD individuals [ 4 ,  10 ,  16 – 18 ,  21 ]. As such, the integration of diet modi-
fi cations can be benefi cial to both the individual as well as other individuals living within that 
household, potentially maximizing the benefi t and compliance to everyone.

      Determination of Nutrition Prescription 

 General guidelines suggest reducing total fat calories but also assume individuals will not consume 
more calories per day than they need to attain or sustain a healthy weight. The estimation of the 
amount of daily dietary fat to be consumed should be based on a reasonable body weight. Obesity will 
be promoted or sustained using the current body weight if presently at obese or overweight levels. 
Body mass index of 25–29.9 kg/m 2  is considered overweight by government guidelines. The con-
sumption of “empty” calories will contribute to overall non-lean body mass. The defi nition of 
“healthy” weight in many patients within the context of chronic disease has challenges of its own and 
the use of formulas contained in KDOQI guidelines have been shown to be used inconsistently in 
practice [ 23 ]. 

 Recent literature from the chronic dialysis population (CKD stage 5) has shown a trend toward 
greater survival at higher body weight levels compared to normal and underweight levels. Although 
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the exact mechanism is not fully understood, this “J-curve” observation may be related to the cushion 
of additional body fat stores available for energy during concurrent hospitalization or stress periods. 
It is important to maintain a reasonable body weight during CKD stages 1–4 and avoid malnutrition 
when progressing to CKD stage 5. The exact benefi t or need for a “cushion” of fat stores and muscle 
mass, however, has yet to be determined [ 24 ].  

    Amount and Type of Dietary Fat 

 A typical 2,000 cal per day diet should contain ≤30 % total fat. This is calculated as 600 cal (30 % of 
2,000 cal and 600/9 cal/g of fat) which equals approximately 66 g or less of total fat per day. No more 
than 7 % of total calories (140 cal or 16 g of fat) should come from saturated fat [ 4 ,  16 ,  17 ]. 

   Table 9.2    Summary of dietary recommendations to address dyslipidemia in CKD stages 1–5   

 Dietary modifi cation  Intervention method  Anticipated change 

 Match energy intake to energy 
output 

 Calculate and implement amount of calories required 
using goal body weight 

 Attain and maintain 
healthy body weight 

 Match caloric distribution 
among diet components 

 Provide adequate dietary protein while providing 
suffi cient total calories 

 Maintain normal serum 
albumin 

 Emphasize quality of protein when quantity limited 
to potentially retard progression 

 Decrease risk of 
protein-calorie 
malnutrition 

 Decrease total fat calories to 
≤30 % of total calories 

 Decrease total fat calories consumed from all dietary 
sources 

 Normalize serum lipids 

 Decrease total cholesterol 
intake <300 mg/day 

 Reduce intake of dietary cholesterol (i.e., egg yolks, 
animal fats); substitute whole milk dairy products 
with skim and low-fat alternatives; replace egg 
yolks with egg substitute products 

 Normalize serum 
cholesterol 

 Decrease saturated fat calories 
<7 % of total calories 

 Decrease intake or avoid saturated fats (i.e., animal 
fats, butter, full fat dairy products, mayonnaise, 
avocado, tropical oils such as palm and coconut) 

 Decrease LDL 

 Change type of fats used 
in food preparation 

 Promote intake of non-hydrogenated vegetable oils 
(peanut, canola, olive) or nut oils (walnut, 
fl axseed) 

 Decrease LDL 

 Increase use of 
monounsaturated fats 
within total fat intake 
amount 

 Promote use of olive oil, sunfl ower oil, canola oil  Increase HDL 

 Increase use of omega-3 fatty 
acids within total fat intake 
amount 

 Increase consumption of green leafy vegetables, 
fl axseed, nuts (almonds, walnuts), and use 
of fatty fi sh 1–2 servings/week 

 Increase HDL 

 Avoid use of 
 trans -unsaturated fatty 
acids 

 Avoid commercially fried foods, hydrogenated fats, 
partially hydrogenated vegetable oils and 
margarines, and processed foods containing 
these fats 

 Decrease LDL 
 Increase HDL 

 Decrease total calories to 
achieve weight loss 

 Calculate and implement amount of calories 
required to achieve reduction in current body 
weight to goal body weight 

 Decrease in body 
weight 

 Decrease in serum 
triglycerides 

 Decrease intake of simple 
sugars and alcohol 
consumption 

 Promote consumption of low glycemic intake foods; 
reduce or eliminate alcohol consumption 

 Decrease in serum 
triglycerides 

  Adapted from [ 4 ,  9 ,  10 ,  16 ,  18 ]  

J.A. Beto et al.



143

 Saturated fat has more hydrogen bonds than polyunsaturated and monounsaturated fat. Typically, 
saturated fat remains solid at room temperature (such as animal fat from meat, lard, butter), whereas 
unsaturated fat is softer or liquid at room temperature (such as vegetable oils or tub compared to stick 
margarine). These hydrogen bonds are more diffi cult to break down and metabolize, thus circulating as 
larger fat particles in the serum. The composition of the diet should be changed to encourage the intake 
of predominantly polyunsaturated and monounsaturated sources within the total daily fat intake. 

  Trans -fatty acids have been altered during processing to change the natural  cis  confi guration (the 
most unsaturated version) to the  trans  confi guration (primarily to increase shelf life).  Trans -fatty acids 
function as saturated fatty acids during metabolism and have been implicated in reducing HDL and 
increasing LDL cholesterol [ 8 ]. They are found predominantly in processed foods (cookies, crackers, 
baked goods). Many fast-food restaurants use frying oils that may contain a high content of  trans -fatty 
acids. Several major cities are increasing dietary far awareness to the general public by mandating 
bans of  trans -fatty acids in restaurants. 

 Nutrition labels allow for rounding of fat grams on a label to 0.5 g or zero if that food contains less 
than 5 g of fat per portion and rounding to the nearest 1 g if containing more than 5 g of fat per portion. 
If a consumer uses the nutrition label as the general guide to counting fat grams per day, the accuracy 
of their estimate can be proportionate to the number of food items they consume each day. Nutrition 
labels in the United States must now also contain  trans -fatty acid composition [ 25 ]. The American 
Heart Association has a Heart-Check Mark Food Certifi cation Program [ 26 ] with specifi c nutritional 
guidelines that aid consumers in selecting a wide variety of foods that meet the nutrition prescription 
discussed in this chapter.  

    Incorporation of Type of Carbohydrate, Dietary Fiber, and Plant Sterols 

 Replacement of simple carbohydrates with more complex dietary sources in conjunction with weight 
reduction has been shown to decrease serum triglycerides [ 9 ,  16 ]. The level of dietary fi ber has gener-
ally decreased in the Western diet pattern with the increased consumption of refi ned foods, higher 
animal protein, and lower plant sources. Increasing dietary fi ber and including plant sterols in the diet 
have also been identifi ed as effective dietary interventions to address hyperlipidemia [ 16 ,  18 ]. 

 Increasing the consumption of dietary fi ber to levels of 20–30 g/day has been linked to lower LDL 
levels. Soluble fi ber binds to bile acids which may decrease the absorption of cholesterol. Both solu-
ble and insoluble fi ber may also decrease gastrointestinal transit time which may improve insulin 
sensitivity by slowing carbohydrate absorption. Insoluble fi ber is found primarily in wheat products 
but has shown less LDL effect than soluble. Soluble fi ber is found in a wide variety of foods including 
barley, bran, raw or partially cooked fruits and vegetables, nuts and seeds, and oats and oatmeal. 
A wide variety of over-the-counter psyllium capsules and soft fi ber equivalents are available as alter-
natives or supplements to dietary modifi cation. Fiber intake should be increased gradually over time 
in conjunction with liberal fl uid intake to decrease gastrointestinal symptoms until gut adapts to 
higher load [ 16 ,  18 ]. Excess dietary fi ber intake by diet or supplements can result in negative effects 
of gastrointestinal symptoms and potential malabsorption of selected nutrients. Dietary fl uid and 
potassium restrictions may require adaptations when progression to CKD stage 5 is eminent. 

 Plant sterols and their stanol esters are naturally present in small quantities in plant sources. Most 
research has been done in soybean derivatives where they have been chemically concentrated to produce 
commercial products marketed as butter or margarine substitutes. Plant sterol esters in this new format 
which exceed what can be consumed by diet alone have been shown to potentially lower LDL in the 
general population. Clinical trials have included more than 1,800 people with doses of up to 25 g/day. 
No clinical studies have been done in CKD patients, but they are rated as a safe food-grade additive. A 
daily intake of approximately two tablespoons consumed as part of two separate meals per day (total 
2–3 g/day) is the recommended dose with no evidence that higher levels produce a greater effect [ 16 ].    
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    Pharmacological 

 There are several classes of drugs used for reducing serum lipids as shown in Table  9.3 . Two recent 
systematic reviews and meta-analysis have shown moderate to high evidence that statin (HMG CoA 
reductase inhibitor) use in CKD stages 1–4 decreases risk for all-risk and CVD mortality while 
preserving existing kidney function [ 11 ,  12 ]. Other recent studies in dialysis, patients have shown 
limited benefi t in the context of minimal risk [ 13 – 15 ]. Each drug has a unique mechanism by which 
it changes lipid metabolism or absorption. The most common mechanism is metabolically blocking 
of the enzymes that aid in the manufacturer of cholesterol. Others use a variety of mechanisms to 
change the way in which dietary cholesterol is absorbed. All are taken orally and use the gastroin-
testinal tract as an important metabolic medium. A complete drug interaction analysis should be 
performed by a registered pharmacist at regular intervals to monitor potential problems. For exam-
ple, some statins interfere with the absorption of drugs such as immunosuppressive agents such as 
cyclosporine [ 27 ].

   Regular bowel habits will promote the effi cacy of many of these drugs. The gastrointestinal tract 
can increase absorption of specifi c dietary components such as potassium in CKD as a compensatory 
mechanism to decreased absorption–reabsorption by the kidneys. Constipation may be a problem due 
to lower fl uid intake and binding features of concurrent drugs such as phosphate binders in later stages 
of CKD. 

 The type of pharmacological intervention used is not as important as the attainment of the overall 
goal of lipid reduction. Each drug has specifi c potency effects, doses, and safety data. A variety of 
options may be necessary to achieve compliance within fi nancial and administration issues while 
avoiding side effects and potential complications. Dietary and pharmacological intervention should 
be used together to maximize lipid reduction effect as their mechanisms of action are complementary, 
not competitive [ 4 ,  16 ,  18 ].  

   Table 9.3    Summary of selected pharmacological agents to address dyslipidemia in CKD stages 1–5   

 Mechanism of action/drug 
class 

 Selected pharmacological 
agent by generic name  Brand name 

 Bile acid sequestrants  Cholestyramine  Questran 
 Cholestipol  Colestid 
 Colesevelam  Welchol 

 Fibric acid  Fenofi brate  Tricor 
 Gemfi brozil  Lopid 

 Statins  Atorvastatin  Lipitor 
 HMC-CoA reductase 

inhibitors 
 Fluvastatin  Lescol 
 Lovastatin  Mevacor, Altoprev (extend release) 
 Pitavastatin  Livalo 
 Pravastatin  Pravachol 
 Rosuvastatin  Crestor 
 Simvastatin  Zocor 

 Cholesterol inhibitor  Ezetimibe  Zetia 
 Nicotinic acid  Niacin  Niacor, Slo-niacin (sustained release), 

Niaspan (extended release) 
 Combinations  Ezetimibe and simvastatin  Vytorin 

 Niaspan and lovastatin  Advicor 

  Adapted from [ 4 ,  10 – 15 ,  28 ]
Strongest evidence for use of statins (HMG CoA reductase inhibitors) in CKD stages  1 – 4 , [ 11 ,  12 ]
All agents should be evaluated and monitored for drug–nutrient interactions, side effects, and tolerance in CKD stages  1 – 5   
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    Summary 

 The achievement and reduction of dyslipidemia to optimal levels in CKD stages 1–5 is a multifacto-
rial approach. Practitioners need to use comprehensive assessment techniques to evaluate the status 
of the individual. Intervention strategies that include physical activity, dietary changes, and pharma-
cological options need to be continually monitored to achieve goals. The use of a registered dietitian 
is necessary to provide the support and continuous monitoring of daily food intake to modify existing 
habits and promote new patterns. The individual should attain a healthy body weight while maintain-
ing optimal nutrition status in preparation for progression to stage 5 CKD. A strong integrated health 
team approach is necessary to diagnose, evaluate, and treat dyslipidemia throughout the CKD stages. 
KDOQI guidelines provide a template upon which to plan and coordinate quality care.     
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          Key Points 

•     A variety of anthropometric measurements can be used to estimate body fat in the kidney disease 
population.  

•   Glomerular fi ltration rate-estimating equations should be used cautiously in obese individuals.  
•   Obesity rates in patients with kidney disease and failure and post-kidney transplantation are 

increasing at least as rapidly as in the general population.  
•   The observation that obesity is associated with improved clinical outcomes in dialysis patients 

does not necessarily impute causality.  
•   Obesity is linked to structural, functional, hemodynamic, and molecular changes in the kidney that 

can often be reversed with weight loss.  
•   The pathophysiology of obesity-related kidney disease is complex and likely multifactorial.  
•   Reduced nephron mass may explain why certain individuals develop obesity-related kidney 

disease.  
•   Short-term studies suggest weight loss may improve markers of kidney health such as proteinuria.     
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    Introduction 

 The obesity crisis sweeping the globe in recent decades has not spared the chronic kidney disease 
(CKD) population, and both patients and their nephrologists are now struggling with this formidable 
challenge. Of all the problems facing kidney disease patients, few have arisen with such rapidity to the 
forefront of health care, have the capacity to adversely infl uence health in such a wide variety of ways, 
and are as modifi able as obesity. 
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 This chapter is designed to give the reader a broad familiarity with the epidemiology, basic science, 
and clinical aspects of obesity as it relates to patients throughout the spectrum of kidney disease. 
Various controversies surrounding this topic will also be addressed. In doing so, this chapter will 
equip the reader with a comprehensive understanding of this important and rapidly evolving area.  

    Case Scenario 

  A 46-year old obese black female with a history of moderate hypertension ,  obstructive sleep apnea , 
 and osteoarthritis was referred to nephrology clinic for evaluation of proteinuria .  She was noted to 
have persistent proteinuria since she began seeing her internist 2 years ago .  There is no prior history 
of diabetes and kidney disease or a family history of kidney disease .  Review of systems revealed only 
chronic achiness in the knees and lower back .  Medications included amlodipine ,  pravastatin ,  ateno-
lol ,  and hydrocodone / acetaminophen as needed for arthritis .  The patient denied tobacco ,  ethanol , 
 illicit drugs ,  or nonsteroidal anti - infl ammatory medication use .  On exam the patient was comfortable 
and very obese appearing .  Blood pressure was 152 / 78 mmHg ,  heart rate 67 beats / min ,  respirations 
19 per minute ,  afebrile ,  weight 113 . 8 kg ,  height 160 cm ,  and body mass index  ( BMI )  43 kg / m   2  .  Physical 
exam revealed a bull neck precluding jugular venous pressure measurement ,  clear lung fi elds ,  pendu-
lous breasts ,  normal heart sounds ,  obese abdomen ,  and 1 +  pitting edema over both tibias .  Urinalysis 
revealed a specifi c gravity of 1 . 020 ,  pH 6 ,  2 +  protein ,  and no blood .  Urine sediment was bland .  Spot 
urine protein / creatinine ratio was 2 . 2 ,  blood urea nitrogen was 30 ,  and serum creatinine was 
1 . 7 mg / dL  ( estimated GFR [eGFR] of 42 mL / min / 1 . 73 m   2  ).  All other laboratory values were normal . 
 The patient was initiated on lisinopril for blood pressure and proteinuria reduction and instructed to 
lose weight .  With the addition of lisinopril, the proteinuria fell modestly  ( to a spot urine 
protein / creatinine ratio of 1 . 7 ).  One year later the patient underwent a Roux - en - Y gastric bypass .  Her 
weight 1 year postoperatively was 170 lb  ( BMI 29 kg / m   2  ).  On her most recent visit 15 months post - 
surgery    ,  her spot urine protein / creatinine ratio was 0 . 3 and serum creatinine 1 . 2 mg / dL    ( eGFR   of 
62 mL / min / 1 . 73 m   2  ).  

    Defi ning Obesity 

 The defi nition of “excess” body fat is somewhat arbitrary, and there is no currently validated threshold 
to defi ne obesity [ 1 ]. While a number of techniques can be used to accurately measure body fat con-
tent and/or patterns of unhealthy fat deposition—among them neutron activation analysis, dual-energy 
X-ray absorptiometry (DEXA), bioelectrical impedance, air displacement plethysmography, com-
puted tomography, and the like—their use is typically limited to the research environment. 

 In clinical practice and medical epidemiology, obesity is determined by simple measurements that 
“defi ne” excess body fat, which themselves are partly derived from their associations with clinical risk 
(see Table  10.1 ). Perhaps the most commonly used marker for obesity in CKD patients is the BMI, a 
ratio of weight to height (i.e., weight (kg) divided by height (m 2 )). Simple to calculate and easy to 
employ, the BMI is a reasonably good indicator of total body fat content in the general population as 
well as in CKD and dialysis patients [ 2 – 4 ]. One study of 77 patients with an eGFR of 40 mL/min found 
that a BMI greater than 30 kg/m 2  had a 100 % positive predictive value for detecting obesity compared 
with a reference body composition method, though its negative predictive value was only 30 % [ 3 ]. 
That is, a high BMI confi rmed obesity while a low BMI did not exclude obesity. This study highlights 
some of the limitations of the BMI, which include the fact that it cannot distinguish lean from fat mass, 
peripheral from central/visceral fat, or derangements in volume status that may be misinterpreted as 
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excess adiposity. These limitations have spurred interest in alternative anthropometric measurements 
such as waist circumference and waist-to-hip ratio that detect excess visceral fat in a manner that the 
BMI does not. Visceral fat is currently considered an important causal risk factor for insulin resistance, 
the metabolic syndrome, and cardiovascular disease [ 5 ]. Recent studies suggest that these alternative 
metrics add important prognostic information in both kidney disease and dialysis populations [ 6 – 8 ].

   In summary, commonly used anthropometric measurements have been demonstrated to provide 
useful information about adiposity status in kidney disease patients. However, their limitations should 
be kept in mind.  

    Measuring Kidney Parameters in Obese Individuals 

 The two most important clinical indicators of kidney function and health are the glomerular fi ltration 
rate and proteinuria [ 9 ,  10 ]. The glomerular fi ltration rate can be directly measured using various 
techniques such as plasma or urinary clearance of inulin or other exogenous markers. Of note, there 
is sparse information on the use of such methods in obese populations [ 11 ]. Because direct measure-
ment is usually too cumbersome, time consuming, and costly for routine use, most clinicians and 
many researchers rely on creatinine-based formulas—including the    Cockcroft-Gault, Modifi cation of 
Diet in Renal Disease (MDRD), and Chronic Kidney Disease Epidemiology Collaboration (CKD- 
EPI) equations—to estimate the glomerular fi ltration rate. However, such equations should be used 
with caution in individuals who are obese or whose weights are fl uctuating for the following reasons: 
First, estimating equations work reasonably well in the populations they were derived in, but none of 
the equations were derived in primarily obese populations, which explains why their accuracy is 
reduced in that setting [ 12 – 15 ] or in the setting of weight gain or loss. Second, estimating equations 
rely heavily on serum creatinine as an endogenous fi ltration marker. However, serum creatinine is 
generated directly from muscle; the greater the muscle mass, the greater the creatinine generated. 
Therefore, any change in muscle mass as a result of weight gain or loss will also infl uence serum 
creatinine generation, making it diffi cult to differentiate changes in glomerular fi ltration from changes 
in muscle mass. Third, a number of these equations (e.g., MDRD, CKD-EPI) include an adjustment 
for body surface area in order to equalize differences in body size between individuals. This adjust-
ment is based upon the observed relationship in mammals that glomerular fi ltration rate is propor-
tional to body size [ 16 ], which is itself premised upon the fact that the kidney modifi es its excretory 
(e.g., fi ltration) capabilities based upon the amount of metabolic by-products generated by the body 
[ 17 ,  18 ]. The use of such adjustments in obese individuals is problematic because it is lean, not fat, 

   Table 10.1    Classifying overweight and obesity according to BMI, waist circumference, and associated disease risk   

 Classifi cation  BMI (kg/m 2 )  Obesity class 

 Disease risk a  relative to normal weight and 
waist circumference 

 Men ≤102 cm  Men >102 cm 

 Women ≤88 cm  Women >88 cm 

 Underweight  <18.5  –  – 
 Normal weight b   18.5–24.9  –  – 
 Overweight  25.0–29.9  Increased  High 
 Obesity  30.0–34.9  I  High  Very high 

 35.0–39.9  II  Very high  Very high 
 Extreme obesity  ≥40  III  Extremely high  Extremely high 

  Adapted from [ 2 ] 
  a Disease risk for type 2 diabetes, hypertension, and cardiovascular disease 
  b Increased waist circumference can increase risk even in persons of normal weight  
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mass that primarily generates metabolic waste, so adjusting for lean  and  fat mass introduces systemic 
bias and error into the process [ 19 ,  20 ]. 

 Serum cystatin C is a relatively new endogenous marker of glomerular fi ltration that has been pro-
posed as an alternative to serum creatinine. Originally believed to be unaffected by body mass, it now 
appears that this may not be the case [ 21 ,  22 ]. 

 Proteinuria can be measured from a 24 h urine collection or, alternatively, estimated from a spot 
urine protein to creatinine ratio. Either method is acceptable in obese individuals. However, the latter 
is susceptible to bias when used for serial measurements during weight change because urine creati-
nine is dependent upon muscle mass, which will change with weight gain or loss. It will therefore be 
diffi cult to distinguish whether a rise in the urine protein to creatinine ratio in an obese individual after 
weight loss represents a true increase in proteinuria or simply a reduction of urinary creatinine from 
loss of lean mass. In the setting of changes in weight, a 24 h urine collection is therefore the preferred 
method of measurement.  

    Epidemiology and Trends in Obesity 

 Obesity is undoubtedly a scourge of modern times. Though it has traditionally been identifi ed as a 
problem of affl uent, Western societies, this is rapidly changing as underdeveloped regions of the 
world experience economic progress. According to the World Health Organization, in 2008 over one 
billion individuals were currently overweight, with at least 300 million being obese [ 23 ]. 

 The obesity problem has also affected individuals in every phase of CKD. Though data specifi -
cally examining the prevalence of obesity in CKD stages 1 through 4 is not available, it is reasonable 
to assume that this is a common problem, given that over one-third of US adults in the general popu-
lace are obese [ 24 ]. This assumption is buttressed by the unsettling data about the prevalence of 
obesity in CKD patients at the point of initiating dialysis. A recent analysis of information collected 
between 1995 and 2002 in incident US dialysis patients found that the mean BMI steadily increased 
year after year at a rate twice as steep as what was observed in the general US population (8 % vs. 
4 %) [ 25 ]. By 2002, nearly one-third of incident dialysis patients were obese. Especially disturbing is 
that the fastest rate of growth was observed in patients with more severe obesity (stage 2 or greater). 
The limited available data suggest that hemodialysis and peritoneal dialysis patients are equally at 
risk for being obese [ 26 ]. The increased prevalence of obesity extends even to kidney transplant 
recipients. In 2000, 25 % and 59 % of patients at time of kidney transplantation were obese or over-
weight, respectively, by BMI criteria, and the proportion of obese individuals rose by 116 % over the 
preceding decade and a half [ 27 ]. Further signifi cant weight gain after transplantation (e.g., greater 
than 10 kg) is not uncommon [ 28 ]. 

 An obvious explanation for such trends is that social factors making available an abundance of 
inexpensive, calorie-dense foodstuffs and the promotion of increasingly sedentary lifestyles affect 
individuals with kidney disease at least as much as they do the general populace. The fact that kidney 
disease patients are perhaps more than ever burdened by comorbid illnesses may further limit their 
ability to live healthier lifestyles. It is perhaps no coincidence that patients with diabetes who start 
dialysis (over 40 % of all such patients [ 29 ]) are more obese and have a greater trajectory of growth 
in obesity than their nondiabetic peers [ 25 ]. Specifi c renal-related factors may also play a role. One 
retrospective study of weight gain in peritoneal dialysis patients suggested that absorption of glucose 
in the dialysate plays an important role in certain predisposed patients [ 30 ]. A number of risk factors 
for weight gain after kidney transplantation have been identifi ed [ 28 ] and are shown in Table  10.2 . Of 
particular interest is steroid use, long considered to stimulate the appetite. In fact, the role of steroid 
use in weight gain is unclear [ 31 ]. While increasingly common steroid-free immunosuppressive regi-
mens have been associated with reduced weight gain, patients still gain weight over time [ 32 ].
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       Obesity and Clinical Risk 

    Chronic Kidney Disease Stages 1–4 

 The relationship between obesity and the development and progression of chronic kidney disease has 
been intensely studied in recent years. A consensus is slowly beginning to emerge that obesity may be 
responsible for a large proportion of chronic kidney disease in the population. Using population attrib-
utable risk analyses, one group estimated that approximately one-fi fth to one-fourth of kidney disease 
cases could be prevented by eliminating overweight and obesity [ 33 ]. 

 A series of epidemiologic studies report that weight gain and/or obesity is an independent predictor 
of the development of proteinuria, kidney stones, acute kidney injury, and chronic kidney disease in 
the general population [ 34 – 40 ] or in higher-risk groups such as pre-hypertensive individuals [ 41 ]. 
These observations extend beyond ethnic and national lines to include Asians, Europeans, and 
Americans, as well as older adults. The risk that obesity confers is heightened in the presence of addi-
tional risk factors such as elevated blood pressure, lipid, or glucose levels that in combination are 
referred to as “the metabolic syndrome” [ 42 ,  43 ]. A high BMI has also been linked to the progression 
of preexisting glomerulonephritis and nondiabetic kidney disease [ 44 ,  45 ]. Limitations to such analy-
ses include residual confounding and the estimation, rather than direct measurement, of the glomeru-
lar fi ltration rate. 

 However, obesity also appears to be an independent risk factor for progression to end-stage renal 
disease, an outcome that is not dependent upon the eGFR [ 46 ,  47 ]. In a population of over 300,000 
healthy adult members of Kaiser Permanente, a higher BMI was a risk factor for the development of 
future kidney failure even after adjusting for baseline blood pressure and the presence of diabetes. 
Compared to individuals with normal weight, the adjusted relative risk for end-stage renal disease was 
1.87 (95 % confi dence interval (CI), 1.64–2.14) for overweight individuals, 3.57 (CI, 3.05–4.18) with 
a BMI between 30 and 34.9 kg/m 2 , 6.12 (CI, 4.97–7.54) with a BMI between 35 and 39.9 kg/m 2 , and 
7.07 (CI, 5.37–9.31) with a BMI ≥ 40 kg/m 2  (see Fig.  10.1 ). Interestingly, the presence of obesity at 
time of initiation of dialysis has also associated with a more rapid decline in residual kidney function 
[ 48 ] as well as a family history of end-stage renal disease [ 49 ]. Whether this is due to environmental 
or genetic factors is not known. Finally, obesity as measured by waist-to-hip ratio but not BMI has 
been independently associated with a higher risk of cardiovascular events in persons with chronic 
kidney disease [ 7 ].

   Table 10.2    Risk factors for weight gain post-kidney transplant   

  Traditional risk factors  
 • Younger age 
 • Female sex 
 • Black ethnicity 
 • Low socioeconomic status 
 • Preexisting obesity 
  Nontraditional risk factors  
 • Steroid use 
 • Number of rejection episodes 
 • Living donor kidney transplant 
 • Other immunosuppressive medications 

  From Potluri K, Hou S. Obesity in kidney transplant recipients 
and candidates. Am J Kidney Dis 2010;56:143–56. Reprinted 
with permission from Elsevier Limited  
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       End-Stage Renal Disease (Stage 5) 

 Numerous observations suggest that obesity has protective, rather than harmful, effects on survival in 
dialysis patients. This phenomenon, sometimes known as “reverse epidemiology” or “the obesity 
paradox,” is a controversial one [ 50 – 52 ]. A more nuanced understanding of this topic requires famil-
iarity with the relationship between adiposity and mortality in the general population [ 53 ]. 

 In the general populace, the relationship between adiposity (as measured by BMI) and mortality is 
infl uenced by a number of factors, including demographics, concurrent illnesses, and cause of death. 
For example, the risk of death from excess fat is higher in whites (vs. blacks), lower at extreme ages, 
and differs between men and women [ 54 ]. In analyses that adjust for multiple factors, the death rates 
of healthy nonsmokers usually increase at either extreme of BMI, although the risk is greater at higher 
BMI. Thus a “J-shaped” relationship between BMI and risk of death is formed. In contrast, in persons 
who smoke or are ill, mortality risk increases equally at both ends of the spectrum (a “U-shaped” 
curve), with absolute risk being attenuated overall [ 54 ]. It is clear that for the end-stage renal disease 
population, with all its complexities and multiple competing factors, the relationship between BMI 
and mortality may not be a straightforward one. 

 The fi rst study analyzing the relationship between adiposity and outcomes reported that in a French 
hemodialysis cohort, a BMI of 23.3 kg/m 2  was associated with a 29 % reduction in overall, cardiovas-
cular, and non-cardiovascular mortality when compared to a BMI between 20.4 and 23.3 kg/m 2  [ 55 ]. 
Since then, dozens of similar studies have been performed in varied populations of hemo- and perito-
neal dialysis patients using disparate markers of adiposity, though BMI remains by far the most com-
monly used. One systematic review found that 60 % of such studies in hemodialysis patients reported 
a signifi cant inverse relationship between all-cause mortality and BMI, though the relationship 
between BMI and cardiovascular mortality was less strong [ 56 ]. Such studies in peritoneal dialysis 
patients are less common, tend to be smaller, and have mixed results. The largest such study noted in 
over 40,000 patients that excess adiposity did not confer an increased mortality risk, whereas having 
a BMI less than 18.5 kg/m 2  did [ 57 ]. The largest studies of the relationship between adiposity and 
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  Fig. 10.1    Adjusted relative risk for end-stage renal disease by body mass index. From Hsu CY, McCulloch CE, 
Iribarren C, Darbinian J, Go AS. Body mass index and risk for end-stage renal disease. Ann Intern Med 2006;144:21–8. 
Reprinted with permission from American College of Physicians       

 

A.N. Friedman



153

mortality involve mixed populations of hemodialysis and peritoneal dialysis patients. With the occa-
sional exception, they support a neutral or protective relationship between excess adiposity and death 
in the hemodialysis population, with less convincing results in peritoneal dialysis patients [ 53 ]. 

 There are many similarities between the dialysis and general population in terms of the relation-
ship between adiposity and mortality. Age, sex, race, and comorbid risk factors modify the relation-
ship in both groups [ 54 ,  58 – 63 ]. Yet the striking difference involves the key issue of how excess 
adiposity associates with death. Can it be possible that being fatter actually improves one’s chance of 
survival while on dialysis? A number of concerns need to be addressed prior to fully accepting that 
conclusion. 

 The fact that many of the studies include patients who have already started dialysis (i.e., prevalent 
patients) introduces the possibility of survival bias because of the possibility that fatter subjects may 
have died earlier on dialysis. However, survival bias cannot explain why large studies of incident 
patients also fi nd a protective association [ 26 ,  57 ,  59 – 61 ,  64 ]. Incompletely accounting for known 
mortality risk factors such as smoking, blood pressure, and medications due to database limitations 
also exists in some of the analyses. Censoring patients who are transplant or switch dialysis modalities 
does not always occur as it should. Yet consistent results across studies make it unlikely that these 
factors explain why adiposity has a protective benefi t. 

 One major limitation involves the fact that BMI does not distinguish between different body com-
partments (e.g., fat mass, lean body mass). This important issue has been tackled in a series of epide-
miological experiments. In a cohort of over 70,000 hemodialysis patients, urine creatinine excretion 
was used as a surrogate for muscle mass, and the predominant predictor of survival was found to be 
muscle, not fat, mass, where greater muscle mass had a protective effect [ 65 ]. This fi nding was soon 
challenged by an analysis involving over 400,000 dialysis patients that found no infl uential effect of 
lean mass when using equations to estimate body mass compartments [ 64 ]. More recent studies using 
other proxies for muscle and fat mass including serum creatinine [ 66 ], mid-arm muscle circumference 
[ 67 ], and triceps skinfold thickness [ 67 ] indicate that greater muscle mass (and perhaps fat mass) has 
a protective association with overall mortality. 

 But perhaps the major reason to remain cautious about the premise that the presence of obese 
reduces mortality risk is that the supportive evidence is entirely associative (as opposed to causal) in 
nature. In fact, no study exists demonstrating that weight gain is benefi cial for dialysis patients or that 
the converse is true. Moreover, the implications of intentional versus unintentional weight loss are 
clearly distinct. One retrospective analysis found unintentional weight to be associated with higher 
rates of death, an unsurprising conclusion [ 68 ]. 

 If the assumption that excess adiposity is benefi cial, what could account for this? One possible 
explanation is that end-stage renal disease patients are a select group in that they alone have survived 
years of chronic kidney disease and multiple comorbid illnesses. They may be genotypically or phe-
notypically different from obese individuals in the general population. Additionally, obese dialysis 
patients have lower rates of certain risk factors such as smoking or hypertension compared to their 
peers with lower BMI [ 61 ,  69 ]. An abundance of stored fat may also serve as a well-needed reservoir 
of energy during acute illnesses or the wasting effects of dialysis, though it is diffi cult to explain why 
severe obesity (BMI > 37 kg/m 2 ), with all its associated risks, is more protective than a less severe but 
still unquestionable excess in adiposity (28–31 kg/m 2 ) [ 64 ]. A more speculative mechanism may be the 
infl uence of biologically active molecules secreted by adipocytes such as adiponectin or leptin [ 70 ]. 

 While great attention has been given to studying how obesity infl uences mortality in dialysis 
patients, far less interest has been shown in documenting how it affects other important outcomes. 
This is especially true in light of the very poor long-term survival in this population [ 29 ], making the 
preservation of quality of life and the avoidance of hospitalization arguably as important as lowering 
the death rate. Investigators have already begun to study how obesity affects dialysis access. 
Successfully working dialysis accesses (e.g., arteriovenous fi stulas, peritoneal dialysis catheters) are 
critical to the well-being of both hemodialysis and peritoneal patients. Accesses that fail to work well 
typically require great expenditure of resources and expose the patient to discomfort and 
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inconvenience, if not outright danger. Whether obesity limits the successful placement and/or func-
tion of arteriovenous fi stulas, which are usually formed surgically in a subcutaneous fashion in either 
arm, is a controversial issue [ 71 – 73 ]. It may be that only the most obese of individuals are at elevated 
risk for hemodialysis access failure, perhaps because excessive adipose tissue is physically compress-
ing the access and impending normal blood fl ow [ 71 ,  74 ]. 

 Peritoneal dialysis catheters are inserted by tunneling through the abdominal wall to place the 
catheter tip in the peritoneal cavity. A reasonable concern is that obese individuals may suffer compli-
cations with catheter insertion or function due to excessive abdominal wall adiposity or be more pre-
disposed to catheter tunnel infections or outright infectious peritonitis from diffi culties inherent in 
performing aseptic technique when connecting or disconnecting to the peritoneal dialysate tubing. In 
fact, the preponderance of the data suggests that obesity confers an increased risk of catheter infec-
tions and peritonitis that can lead to catheter loss [ 59 ,  75 – 77 ]. For obese individuals in whom tradi-
tional abdominal peritoneal dialysis catheter use is not an option, alternative strategies exist such as 
the use of presternal dialysis catheters [ 78 ]. Aside from dialysis access issues, future topics ripe for 
research include whether obesity adversely affects quality of life indicators, arthritis, ambulation, 
comfort during dialysis, mood, and hospitalization rates, among others.  

    Kidney Transplant Recipients 

 The presence of obesity in transplant candidates and recipients has a number of important implica-
tions. Because of concern regarding higher perioperative complications such as wound dehiscence or 
infections in obese individuals [ 79 ], many transplant centers exclude individuals with BMI greater 
than 30 or 35 kg/m 2 . In fact, the existence of obesity in a potential recipient may reduce the likelihood 
of their receiving a kidney transplant [ 80 ]. 

 Similar to the pre-dialysis and dialysis populations, the prevalence of obesity as measured by BMI 
among kidney transplant recipients has grown by over 40 % in the past decade to reach 33 % [ 81 ]. 
Whether obesity at time of transplantation impacts negatively on patient or allograft outcomes is a 
hotly debated topic. A number of reports in kidney transplant recipients describe an association 
between a higher BMI and greater risk of delayed graft function, long-term renal allograft and patient 
survival [ 82 – 84 ], though others have challenged this fi nding [ 79 ,  85 ,  86 ]. What is becoming increas-
ingly clear is that alternative proxies for obesity other than BMI can yield valuable information. Waist 
circumference provides additional prognostic information when added to BMI [ 87 ], and muscle mass 
may be even more useful than BMI as a predictive marker [ 88 ,  89 ]. 

 The impact of weight loss on patient outcomes has also just begun to be explored. Recent observa-
tional studies have noted that weight loss in individuals on the transplant waiting list was not protec-
tive but actually linked to a higher rate of death [ 89 ,  90 ]. The implications of these fi ndings are 
unclear, since neither study was able to determine if the weight loss was intentional, a critical issue. 
Finally, limited research has not found that the presence of obesity in kidney donors places them at 
higher risk for long-term renal and other complications [ 91 ], though functional hemodynamic changes 
have been noted [ 92 ].   

    Infl uence of Obesity on Kidney Function, Structure, and Health 

 The concept that obesity affects kidney function and health has existed for nearly a century. In 1923, 
Boston practitioner William Preble published his observations in 1,000 obese patients that found high 
rates of albuminuria and kidney impairment [ 93 ]. Subsequent reports from the 1970s onward reported 
an association between obesity and the nephrotic syndrome that disappeared with weight loss  [ 94 – 99 ]. 
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Kidney biopsies in many but not all of these patients demonstrated focal segmental glomerulosclero-
sis, but other fi ndings including enlargement of the glomerulus (i.e., glomerulomegaly), intraglomeru-
lar fi brin deposition, and mesangial glomerulopathy were also observed. A number of patients 
manifested venous hypertension likely as a result of the sleep apnea syndrome [ 94 ,  99 ]. From these 
early descriptive reports, our understanding of how obesity infl uences the kidney has grown to encom-
pass a much larger variety of functional, anatomic, and molecular effects. 

    Kidney Mass 

 Kidney mass has been demonstrated to grow with weight gain and high-protein diet consumption as 
described in animal models (see below), cross-sectional studies in children and adults, and weight- 
loss trials [ 100 – 104 ]. This is generally believed to occur because the kidney adapts to growing meta-
bolic demand.  

    Renal Hemodynamics 

 Data obtained from cross-sectional analyses and studies of (primarily) bariatric surgery-related weight 
loss report signifi cant effects on renal hemodynamics. Most, though not all, studies fi nd that obesity 
is associated with an elevated glomerular fi ltration rate, renal plasma/blood fl ow, and fi ltration frac-
tion (i.e., glomerular fi ltration rate divided by renal plasma fl ow) when compared to controls [ 13 , 
 105 – 111 ]. The concept that kidney hemodynamics, similar to kidney mass, is infl uenced by metabolic 
requirements is supported by the observation that even in the BMI range of less than 30 kg/m 2 , the 
BMI and fi ltration fraction are strongly associated [ 112 ]. By carefully studying the urinary clearance 
of tiny dextran molecules and applying the results to theoretical sieving models, one group of research-
ers concluded that the higher glomerular fi ltration rate documented in obese individuals was most 
likely the result of increased intraglomerular hydraulic pressure caused by dilated glomerular afferent 
arterioles [ 105 ]. Of note, weight loss after bariatric surgery appears to reverse the elevations in renal 
hemodynamic parameters [ 106 ,  113 ].  

    Proteinuria 

 Along with the glomerular fi ltration rate, proteinuria is one of the strongest clinical markers of kidney 
disease, with a higher level of proteinuria (or albuminuria, the most common measured fraction of 
proteinuria) usually indicating kidney damage [ 9 ,  10 ]. A strong and consistent positive relationship 
has been demonstrated between obesity and the likelihood of urinary protein or albumin excretion 
(see Fig.  10.2 ). This fi nding is consistent across race, sex, and ethnicity and exists in healthy individu-
als as well as nondiabetic and diabetic patients [ 114 – 118 ]. As with the hemodynamic indices, weight 
loss lowers proteinuria [ 119 ].

       Histologic Changes 

 Analyses of kidney tissue obtained under differing circumstances (e.g., during gastric bypass surgery, 
at time of kidney transplant implantation, or for medical diagnostic reasons) and patient populations 
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(e.g., kidney donors, bariatric surgery patients, IgA nephropathy, or other kidney diseases) reveal com-
mon fi ndings such as glomerulomegaly and a thickened glomerular basement membrane [ 120 – 125 ]. 
However, a variety of other abnormalities, including increased glomerular planar surface area, podo-
cyte hypertrophy, expanded mesangial matrix with or without paramesangial deposits, decreased slit 
diaphragm frequency, tubular atrophy, arterial hyperplasia, and sclerosis, have additionally been 
noted. Of importance, focal segmental glomerular sclerosis was a rare fi nding, if observed at all. One 
limitation of this literature involves the heterogeneity of the populations studied, the reasons for which 
the biopsy was obtained, the quality of the biopsy sample, and the studies performed.  

    Molecular Findings 

 RNA gene expression profi les have been measured in kidney biopsy samples from obese patients with 
proteinuria and glomerulomegaly with or without focal segmental glomerulosclerosis. Compared to 
the control samples, expression was upregulated for a variety of key genes involved in lipid metabo-
lism, the infl ammatory cascade, and insulin homeostasis/resistance [ 126 ].  

    Obesity-Related Glomerulopathy and Glomerulosclerosis 

    In 2001 obesity-related glomerulopathy (ORG) was fi rst defi ned morphologically in obese individuals 
as the presence of either focal segmental glomerulosclerosis with glomerulomegaly or glomerulo-
megaly alone without secondary causes such as diabetic kidney disease or hypertensive nephrosclero-
sis [ 127 ]. ORG was characterized by proteinuria, often nephrotic in range, without overt nephrotic 
syndrome, and usually mild-to-moderate kidney disease. When compared to a cohort of patients with 
idiopathic focal segmental glomerulosclerosis, persons with ORG were more likely to be white and 
older with a lower rate of nephrotic syndrome (and consequently higher serum albumin and lower 
cholesterol levels). ORG patients also had fewer areas of segmental sclerosis and less podocyte foot-
process effacement but a greater incidence of glomerulomegaly. Reduced podocyte density and greater 
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podocyte foot-process width has also been reported in ORG [ 128 ]. In terms of clinical outcomes, 
ORG was associated with a more benign course that was less likely to lead to kidney failure (see 
Fig.  10.3 ). The incidence of ORG was also reported to have increased tenfold between the years 1986 
and 2000 [ 127 ].

   Since the publication of its original description, reports of ORG have cropped up in other regions 
of the world [ 129 ,  130 ]. Yet the precise prevalence of obesity in the community and asymptomatic 
obese individuals remains unknown.  

    Animal Models of Weight Gain and Loss 

 The effects of obesity have been examined in a number of rodent models, many of which have specifi c 
genetic mutations that make them susceptible to obesity and diabetes [ 131 – 139 ]. The consensus fi nds 
that obesity leads to increases in kidney size, blood pressure, serum insulin, glucose, low-density 
lipoprotein, and triglyceride levels, albuminuria, and an initial elevation and subsequent decline in the 
glomerular fi ltration rate. Histological analyses demonstrate enlargement of the glomerular tuft area 
with mesangial expansion, thickening of the glomerular basement membrane, progressive glomerulo-
sclerosis, and tubulointerstitial damage. In addition, type IV collagen and lipid deposition in the 
glomerulus and macrophage infi ltration in the medulla are also observed. All these changes can be 
prevented or stopped by restricting caloric intake. 

 Because rodent models may have limited applicability to humans, it is useful to examine other 
animal models. In one such model, obesity was induced in dogs by feeding of beef fat for up to 24 
weeks [ 140 ]. Compared to lean controls, the obese dogs manifested relative hypertension, tachycar-
dia, elevations in the glomerular fi ltration rate and renal plasma fl ow, kidney weight, and plasma 
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glucose and insulin levels. Similar to what was seen in rodents, the obese dogs exhibited a marked 
expansion of the glomerular tuft area and Bowman’s capsule space, a thickening of the glomerular 
basement membrane, and mesangial expansion. Kidneys from the obese dogs also exhibited more 
transforming growth factor-β1 (TGF-β1), a marker for fi brosis. Unlike in the rodent models, there was 
no difference between lean and obese dogs in terms of detectable glomerulosclerosis, a key indicator 
of irreversible kidney damage. This may represent a fundamental difference in the effects of obesity 
between animal species. A separate study using the obese dog model reported that obese (vs. lean) 
dogs had upregulation of a host of genes within the kidney related to sympathetic activation, the 
infl ammatory response, matrix formation, angiogenesis, and endothelial dysfunction, with downregu-
lation of genes associated with the leptin receptor and attenuation of cell survival [ 141 ].   

    Pathophysiology of Obesity-Related Kidney Disease 

 Aside from its promotion of diabetes and hypertension, obesity may adversely affect kidney health 
through multiple distinct but often interrelated mechanisms. A number of putative pathophysiologic 
mechanisms are discussed here. 

    Dietary Protein 

 Increased dietary protein consumption signifi cantly modulates both renal hemodynamics and protein-
uria/albuminuria [ 142 ]. Acute oral or intravenous protein intake can increase the glomerular fi ltration 
by upwards of 50 %, while more chronic ingestion has similar effects [ 143 – 145 ]. Likewise, oral pro-
tein consumption increases [ 146 – 148 ] albuminuria levels in randomized controlled human studies. 
These well-established physiologic responses to protein consumption are behind a large body of 
research demonstrating that high-protein intake in the setting of reduced kidney mass leads to further 
injury possibly through intraglomerular hypertension, glomerulosclerosis, and ultimately kidney fail-
ure [ 149 ]. Is it possible that increased consumption of dietary protein (along with all other nutrients) 
in individuals who are obese contributes to the development and/or progression of kidney disease in 
these patients? Observational data in subjects with one kidney support this premise [ 150 ,  151 ]. Yet 
protein intake by itself, while possibly contributing to the glomerular hyperfi ltration observed in obe-
sity, does not fully explain it [ 152 ].  

    Podocyte Depletion 

 Podocytes are cells that support and maintain the glomerular basement membrane fi ltration mecha-
nism with limited capacity for cell division and replacement [ 153 ]. As previously noted, compared to 
a calorie-intake-restricted group, rats allowed to freely consume calories develop progressive glo-
merular enlargement [ 154 ]. This sets into motion a series of steps during which podocytes hypertrophy 
to cover the ever growing glomerular area they must cover. Over time, this compensatory mechanism 
fails, leading to widened podocyte foot processes, decreased fi lter effi ciency, further loss of podocytes, 
and ultimately focal segmental glomerulosclerosis. In humans, increased glomerular volume in ORG 
patients has been associated with decreased podocyte density and greater foot- process width, each of 
which correlates with greater proteinuria [ 128 ]. Aside from glomerular enlargement, angiotensin II, 
aldosterone, plasminogen activator inhibitor-1 (PAI-1), hyperlipidemia, and adiponectin, each of 
which is upregulated by obesity, have all been hypothesized to lead to podocyte depletion [ 155 – 159 ].  
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    Intraglomerular Hemodynamics 

 It has been hypothesized that obese individuals have increased sodium absorption in the proximal 
tubule from upregulated sympathetic activity, circulating angiotensin II, or other mechanisms. This 
leads to suppression of the tubuloglomerular feedback mechanism, perhaps via effects on the macula 
densa mineralocorticoid receptors [ 160 ], thereby causing afferent arteriolar dilation and direct trans-
mission of higher (and ultimately detrimental) systemic blood pressures to the glomerulus [ 161 ]. The 
higher glomerular fi ltration rate and fi ltration fraction observed in obese humans lead to increased 
oncotic pressure in the peritubular capillaries, which can also promote proximal sodium absorption 
[ 162 ]. Taken together, these concepts describe a vicious cycle in which glomerular hyperfi ltration pro-
motes proximal tubule absorption which in turn suppresses the tubuloglomerular feedback mechanism 
and causes further glomerular hyperfi ltration, intraglomerular hypertension, and salt reabsorption.  

    Renin-Angiotensin-Aldosterone Axis 

 The deleterious effects on the kidney of the renin-aldosterone axis, which is upregulated in obesity 
[ 163 ], are well established and explain why inhibitors of this axis may be effective treatments for kidney 
disease in overweight patients [ 164 ]. Experimental data in animals and observational data in humans 
suggest that angiotensin II and aldosterone may play a role in the onset of obesity-related hypertension 
and kidney disease [ 165 – 167 ]. Possible mechanisms include sympathetic nerve stimulation, insulin 
resistance, and hemodynamic alterations that promote renal cellular toxicity and fi brosis [ 167 ].  

    Sympathetic Activation 

 Sympathetic nerve activation is upregulated with increased feeding [ 168 ]. In a dog model of obesity, 
kidney denervation resulted in lack of a rise in arterial blood pressure and greatly reduced sodium 
retention, though there was no difference between denervated dogs and controls in terms of renal 
hemodynamics [ 169 ]. The signifi cance of this fi nding requires further study.  

    Obstructive Sleep Apnea 

 Obstructive sleep apnea is strongly associated with obesity and has been linked to obesity-related 
focal segmental glomerulosclerosis [ 94 ] and proteinuria [ 99 ,  170 ,  171 ], though the association is 
controversial [ 172 ]. One recent case report described how initiation of BiPAP ventilation in an obese 
patient with obesity hypoventilation syndrome and biopsy-proven focal segmental glomerulosclerosis 
preceded the rapid disappearance of his nephrotic-range proteinuria [ 171 ]. Possible mechanisms 
involve improvement of pulmonary hypertension and associated venous congestion that could affect 
blood fl ow within the kidney and upregulation of sympathetic nerve activity.  

    Insulin Resistance and the Metabolic Syndrome 

 The link between insulin resistance, a hallmark of obesity and the metabolic syndrome, and kidney 
disease is primarily based on associative data in humans [ 173 ,  174 ]. Indeed, it is very diffi cult to tease 
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out the specifi c effects of insulin resistance from the cluster of other abnormalities observed in patients 
with the metabolic syndrome.  

    Lipotoxicity 

 There is a body of literature demonstrating that lipid accumulation may induce damage in glomerular 
cells and promote the progression of kidney disease, though the mechanisms are not fully elucidated 
[ 175 ]. Possible culprits include free fatty acids, either albumin bound or unbound, and triglyceride- 
rich lipoproteins.  

    Fatty Kidney 

 Fat accumulation in the kidney sinuses in the setting of obesity has been observed in animal models 
and humans [ 176 ,  177 ] and has been associated with hypertension and kidney disease [ 162 ,  163 ]. This 
may be due to direct compression of vessels within the kidney resulting in increased renal interstitial 
pressure, sodium reabsorption, and other adverse effects.  

    Adipocyte Secretory Products 

 In recent years fat cells (adipocytes) have been increasingly recognized not simply as passive reser-
voirs of energy but actual endocrine organs, secreting a host of biologically active molecules. Some 
of these molecules, known as adipokines, have been implicated as possibly playing a role in obesity- 
related kidney disease. Adiponectin and leptin, two such adipokines, will be reviewed here. 

 Leptin, one of the fi rst of the adipokines to have been identifi ed, plays an important role in regulat-
ing food intake. Its circulating levels are proportional to body fat. In vitro and in vivo studies in rat 
glomerular cells and a mice model lacking the leptin receptor reported that exposure to leptin induced 
glomerular endothelial cell proliferation and upregulated TGF-β1 and collagen deposition within the 
glomerulus. Based on these fi ndings and its effects on sympathetic nerve activation and insulin resis-
tance [ 178 ], leptin is hypothesized to contribute to the glomerulosclerosis of obesity. 

 Adiponectin is a small molecule secreted by adipocytes that has insulin-sensitizing effects [ 179 ]. 
For unclear reasons, circulating levels of adiponectin fall with obesity. Mice that cannot express adi-
ponectin manifest increased levels of albuminuria and podocyte foot-process fusion while treatment 
with adiponectin reverses these effects [ 159 ]. In observational studies, adiponectin is inversely cor-
related with proteinuria [ 159 ,  180 ]. A direct effect of adiponectin on podocytes is postulated to occur 
at least in part through stimulation of the AMP-activated protein kinase (AMPK) pathway that inhibits 
reactive oxygen species [ 181 ].   

    Prevalence of Obesity-Related Kidney Disease 

 Though there are no population data available on the prevalence of ORG or similar obesity-associated 
kidney illnesses, it is clear from clinical practice and the medical literature that such complications are 
relatively uncommon. Given the ubiquitousness of obesity, why are so few people affected and what 
predisposes them? One answer may be found in the observation that individuals born with reduced 
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nephron mass and relatively low nephron numbers, such as with small for gestational age (SGA) or 
preterm births, are especially susceptible to developing hypertension and in certain circumstances 
kidney disease [ 182 ]. Similarly, the presence of obesity in persons with low nephron mass may lead 
to changes that promote kidney damage and failure [ 183 ]. One report describes how obese children 
born either preterm or term had similar rates of proteinuria and glomerulosclerosis on kidney biopsy 
(and much higher rates than nonobese children), though preterm children had nearly a two and a half 
times greater risk of kidney failure [ 184 ]. Further work is needed to confi rm the hypothesis that low 
nephron numbers predispose toward the development of obesity-related kidney disease.  

    Weight-Loss Strategies and Benefi ts 

 The idea that weight loss in overweight or obese kidney disease patients is benefi cial for kidney health 
is a topic of growing interest. Kidney disease patients are as interested in losing weight as are people 
in the general population [ 185 ]. The optimal weight range for patients with chronic kidney disease is 
not well defi ned, though evidence suggests that even modest weight loss in overweight and obese 
individuals has benefi cial effects on surrogate clinical outcomes such as proteinuria [ 119 ,  186 ]. This 
section will review weight-loss goals, medical and surgical strategies for weight loss, and kidney- 
related benefi ts as stratifi ed by stage of kidney disease. 

    Chronic Kidney Disease Stages 1–4 

 One systematic review of 13 controlled and uncontrolled medical and surgical weight-loss studies 
found that each kilogram of weight lost was associated with a reduction in 110 mg of proteinuria and 
1.1 g of albuminuria [ 119 ]. While the methodology of lumping controlled and uncontrolled trials 
together is problematic, the fi ndings are consistent across groups and disease processes (diabetic vs. 
nondiabetic) and also observed in patients without overt kidney disease. The effects of weight loss on 
long-term kidney and other outcomes such as progression to end-stage renal disease have not been 
studied, though short-term data report a reduction in the glomerular fi ltration rate or surrogate mea-
surements [ 119 ,  186 ]. However, this may not necessarily refl ect damage to the kidney and may simply 
be a result of reduced metabolic demand. 

 Strategies to reduce weight include behavioral modifi cation (i.e., diet and exercise), pharmacologic 
interventions, and bariatric surgery. Medications that are used to reduce weight are limited by dosing 
and other toxicities in chronic kidney disease, as described in Table  10.3 . Sustained weight loss is 
typically diffi cult to attain and a combination of the three strategies may be necessary. One open-label 
study recruited 44 mostly nondiabetic overweight or obese kidney disease patients to a weight-loss 
regimen involving a low-fat diet, exercise, and orlistat [ 187 ]. Over a period of 2 years, this interven-
tion led to approximately 5 kg greater weight loss than standard care. Proteinuria and measured glo-
merular fi ltration rate were not measured, though the latter (estimated by equations) dropped to a 
lesser extent in the intervention group. Whether more profound weight loss by bariatric surgery stabi-
lizes or improves kidney function has been investigated in small case series, but the lack of long-term 
follow-up and the previously reviewed limitations of using estimating equations to assess fi ltration 
make interpretation diffi cult [ 188 – 191 ]. Of note, an infrequent complication that needs to be consid-
ered when contemplating certain bariatric surgeries includes increased oxalate reabsorption with 
resultant hyperoxaluria, kidney stones, renal oxalosis, and irreversible kidney failure [ 192 ]. The pres-
ence of kidney disease in patients undergoing bariatric surgery is also associated with a modest 
increase in perioperative complications [ 193 ].
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       End-Stage Renal Disease (Stage 5) 

 Perhaps because of the positive association between a higher BMI and reduced mortality (reviewed in 
a previous section), there has been a reluctance to perform weight reduction trials in this population. 
Of note, many of the pharmacologic weight-lowering agents are contraindicated in end-stage renal 
disease (Table  10.3 ). Preliminary evidence suggests that bariatric surgery in dialysis patients offers 
comparable weight loss to non-dialysis patients, though the risk of perioperative mortality may be 
slightly higher [ 194 ]. It may also improve opportunities for kidney transplantation by lowering the 
BMI to more acceptable levels [ 195 ,  196 ].  

    Kidney Transplant Recipients 

 According to two small studies using historical controls, dietary management programs in incident or 
prevalent transplant patients reduce weight gain post-surgery [ 197 ,  198 ]. Weight-loss medications in 
kidney transplant recipients should be used cautiously, as many of them alter the pharmacokinetic 
profi le of commonly used immunosuppressive drugs (see Table  10.3 ). Interestingly, gastric bypass 
may have similar effects, so drug levels should be followed carefully post-surgery [ 199 ]. Similar to 
dialysis patients, bariatric surgery is very effective in inducing weight loss in transplant recipients, 
though it is associated with a higher complication rate compared to the general population [ 200 ].      
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    Introduction 

 Medical nutrition therapy (MNT) plays an integral role in the health of the patient with Stage 5 
chronic kidney disease (CKD) receiving maintenance dialysis. The health professional must under-
stand the role of nutrition in Stage 5 CKD, the factors affecting assessment and maintenance of ade-
quate nutritional status, and the nutritional implications associated with the different types of renal 
replacement therapies (RRT). Currently there are almost 400,000 patients receiving RRT in the United 
States with those numbers expected to steadily increase [ 1 ,  2 ]. The average age of the patient starting 
dialysis is increasing with a signifi cant number of patients presenting to dialysis with numerous 
comorbid conditions that may have already negatively impacted their nutritional status. The nutri-
tional status of the patient at the initiation of RRT is an important risk factor for future outcomes, and 
malnutrition is associated with increased mortality in patients receiving maintenance dialysis [ 3 ]. 
Nutritional management should include ongoing diet education, nutrition assessment, individualized 
interventions, and monitoring of nutritional status. The goals of MNT in Stage 5 CKD are (a) to 
achieve and maintain neutral or positive nitrogen balance, (b) to achieve and maintain good nutritional 
status, (c) to prevent the accumulation of electrolytes and minimize fl uid imbalance, and (d) to mini-
mize the effect of metabolic disorders associated with Stage 5 CKD. 

    Chapter 11   
 Dialysis 

           Karen     Wiesen     

        K.   Wiesen ,  M.S., R.D., L.D.N (*)     
  Geisinger Health System , 
    Danville ,  PA 17821,     USA   
 e-mail: psurd@aol.com  

 Key Points 

•     Describe the goals of medical nutrition therapy for patients receiving hemodialysis, peritoneal 
dialysis, nocturnal home dialysis, and short daily dialysis.  

•   Describe the differences in nutrition therapy between the different types of renal replacement 
therapies.  

•   Identify factors that may impact the nutritional status of patients receiving maintenance dialysis.    
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 Patients beginning RRT now have a choice of modalities that include hemodialysis (HD), peritoneal 
dialysis (PD), nocturnal home hemodialysis (NHD), short daily hemodialysis (SDHD), and renal trans-
plantation (Box  11.1 ). This chapter will review the MNT for each dialysis modality and discuss factors 
that may impact nutrition assessment and overall nutritional status. Renal transplantation is another 
treatment option and is discussed in Chap.   12    .

       Factors Infl uencing Nutritional Status 

 Malnutrition in the maintenance dialysis population is associated with increased morbidity and mor-
tality [ 4 – 7 ]. Between 10 and 50 % of HD patients and 18–56 % of PD patients have some degree of 
malnutrition [ 8 ,  9 ]. Routine monitoring of the patients’ nutritional status through the use of anthropo-
metric measures, biochemical parameters, and diet histories and interviews is important in the early 
detection and prevention of malnutrition. The National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative (KDOQI) Clinical Practice Guidelines for Nutrition recommends that a panel of 
measures be used to routinely assess nutritional status [ 10 ]. Refer to Chaps.   3    –  6     for more information 
on individual parameters used in nutrition assessment. The use of a variety of assessment tools is 
important since some of the traditional anthropometric and biochemical measures employed to assess 
nutritional status can be infl uenced by multiple catabolic factors such as anorexia, infl ammation, aci-
dosis, and dialysis-related losses. This section will provide a brief overview of some of these factors. 

 Serum albumin has long been used as a marker of nutritional status in the maintenance dialysis 
population and has been shown to independently correlate with an increased risk of mortality [ 5 – 7 ]. 
Serum albumin between 3.5 and 4.0 g/dL is associated with a twofold increased risk of death, and a 
low albumin at the initiation of dialysis increases the risk of hospitalization as well as length of stay 
in the fi rst year of dialysis [ 3 ,  5 ]. The terminology defi ning malnutrition in the dialysis patient has 
evolved. Historically it was divided into two types. Classic or type 1 malnutrition was defi ned by loss 
of lean body mass, inadequate oral intake, normal to mildly depleted albumin and normal C-reactive 
protein (CRP) levels, and responsive to nutrition intervention [ 8 ,  11 ]. Type 2 malnutrition was defi ned 
as caused by infl ammation and characterized by markedly low albumin despite adequate oral intake, 
increased oxidative stress, elevated CRP and other pro-infl ammatory markers, and not reversible with 
nutrition intervention alone [ 11 ]. Type 2 was also referred to as malnutrition-infl ammation complex 
syndrome (MICS) because of the interrelationship between malnutrition and infl ammation in the 
dialysis patient. The challenge for the clinician trying to assess the type of malnutrition present was 
diffi cult and emerging evidence has indicated that these defi nitions were not necessarily accurate for 
the CKD patient. In 2008, the International Society of Renal Nutrition and Metabolism (ISRNM) 

   Box 11.1    Types of dialysis modalities   

 Type of dialysis  Location  Duration  Frequency 

 Conventional hemodialysis  In-center  3–5 h  3×/week 
 Peritoneal dialysis  Home  Varies with type of PD  Daily 
  CAPD 
  CCPD 
 Home hemodialysis  Home  3–5 h  3×/week 
 Home nocturnal hemodialysis  Home  7–10 h  5–7×/week 
 In-center nocturnal hemodialysis  In-center  7–8 h  3×/week 
 Home short daily hemodialysis  Home  2–3 h  5–7×/week 
 In-center short daily hemodialysis  In-center  2–3 h  5–6×/week 
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proposed the defi nition and specifi c diagnostic criteria for protein energy wasting (PEW) which better 
refl ects the type of wasting that occurs in CKD. PEW is defi ned as the “state of decreased body stores 
of protein and energy fuels (body protein and fat masses)” [ 12 ]. PEW is characterized by very low 
albumin levels, the presence of infl ammation and oxidative stress, and higher levels of protein break-
down versus protein synthesis [ 12 ,  13 ]. Effective therapeutic interventions to treat PEW are still being 
explored. 

 Anorexia or poor appetite is a subjective factor in nutrition assessment; however, recent studies 
have shown it to be predictive of poor clinical outcomes as well as being associated with infl amma-
tion [ 14 ]. Anorexia is estimated to be present in one-third of patients receiving maintenance dialysis 
[ 13 ,  15 ]. The etiology of anorexia is multifactorial and includes uremia, infl ammation, infection, 
delayed gastric emptying, comorbid conditions, medications, psychosocial and socioeconomic fac-
tors, absorption of glucose in PD, early satiety and age [ 15 – 17 ]. See Chap.   9     for further information 
on PEW in CKD. 

 Metabolic acidosis impacts nutritional status by increasing protein catabolism and possibly 
decreasing protein synthesis leading to negative nitrogen balance and loss of lean body mass [ 18 ]. 
Correction of acidosis with sodium bicarbonate has been shown to correct the protein catabolism [ 19 ]. 
Metabolic acidosis may induce insulin resistance and chronic infl ammation, both of which may also 
increase protein catabolism but more research is needed [ 18 ,  20 ,  21 ]. KDOQI recommends that pre- 
dialysis bicarbonate levels be ≥22 mEq/L and that levels be monitored monthly [ 10 ]. 

 HD has long been considered a catabolic procedure. Approximately 4–9 g net amino acids and 
1–2 g protein are lost during HD and 5–15 g protein during PD [ 22 – 25 ]. The use of high-fl ux mem-
branes, bio-incompatible membranes, and reuse of high-fl ux dialyzers have been shown to increase 
amino acid loss [ 26 – 28 ]. Dialysate protein losses are also higher with polysulfone dialyzers processed 
with bleach and losses signifi cantly increase after the 16th use [ 29 ]. HD has been shown to induce a 
protein catabolic state that can stimulate muscle and whole-body protein loss, decrease protein syn-
thesis, and increase energy expenditure with the effects lasting up to 2 h post-dialysis [ 29 – 31 ]. PD is 
not as catabolic unless the patient has peritonitis. A mild infl ammatory response may be triggered by 
peritoneal dialysate bioincompatability, endotoxin transfer from the dialysate, or the PD catheter itself 
that can lead to protein catabolism [ 25 ,  32 ]. Patients receiving PD who are classifi ed as high transport-
ers by their peritoneal equilibration test (PET) have a higher incidence of poor nutrition due to the loss 
of larger amounts of protein into the dialysate. Serum albumin levels are usually low in these patients 
and they may require nutritional supplementation. 

 Assessment of dialysis adequacy should be part of the routine evaluation of nutrition in patients 
receiving maintenance dialysis. The relationship between  Kt / V  (a marker for dialysis adequacy where 
 K  = clearance,  t  = time, and  V  = volume) and the protein equivalent of nitrogen appearance (PNA), may 
be confounded by mathematical coupling. Using  Kt  alone, the non-normalized dose of dialysis may 
be more closely associated with serum albumin levels [ 33 ]. The Hemodialysis (HEMO) Study looked 
at the optimal dose of dialysis for patients receiving maintenance HD in order to determine the best 
parameters needed for achieving dialysis adequacy. Patients were randomly assigned to standard-dose 
dialysis (single pool  Kt / V  1.25) or high-dose dialysis (single pool  Kt / V  1.65) and to low- or high-fl ux 
dialyzers. When the study group looked at the effect of dialysis dose and membrane fl ux on various 
nutritional parameters, they found no signifi cant differences between the various groups [ 34 ]. 

 The relationship between nutritional intake and dose of dialysis in patients receiving continuous 
PD was evaluated as part of the CANUSA (Canada-USA) peritoneal dialysis study. A number of dif-
ferent nutritional markers were evaluated, and in the fi rst 6 months, there was a positive correlation 
between the PD dose and all of the nutritional markers except for serum albumin levels. After 6 
months, reduction in overall clearance because of loss of residual renal function was associated with 
a trend towards declining nutritional parameters [ 35 ]. Current minimum recommendations are a  Kt / V  
of 1.3–1.4 for maintenance HD and a weekly total  Kt / V  of 1.7 for continuous PD [ 36 ]. 
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 In numerous observational studies, the use of short daily and NHD has been shown to reduce 
anorexia, improve protein intake, and have a positive impact on a number of nutritional markers [ 23 , 
 27 ,  37 ,  38 ]. Recent results from the Frequent HD Study, however, did not show any signifi cant effect 
on nutritional parameters with either NHD or SDHD [ 39 ]. Both of these treatment modalities are not 
available to all dialysis patients because of reimbursement obstacles and limited experience by dialy-
sis providers. Research is ongoing.  

    Nutrient Recommendations in Dialysis 

    Energy 

 KDOQI recommends a daily energy intake of 35 kcal/kg standard or adjusted body weight/day for 
stable maintenance dialysis patients who are less than 60 years old and 30–35 kcal/kg standard or 
adjusted body weight/day for those age 60 and older [ 10 ]. These recommendations are based on meta-
bolic studies that showed 35 kcal/kg was necessary to maintain neutral nitrogen balance and stable 
body composition. Since patients 60 years or older may be more sedentary and have less lean body 
mass, a lower energy intake of 30–35 kcal/kg body weight is thought to be acceptable. Energy intakes 
should be adjusted if the patient is involved in heavy physical exercise, underweight, or catabolic [ 10 , 
 40 ]. Energy intakes for acutely ill maintenance dialysis patients are the same. 

    Hemodialysis 

 Many HD patients are unable to consume the recommended energy intake, resulting in a low body 
weight and body mass index, both of which are associated with increased mortality in the HD patient 
[ 10 ,  23 ]. The average energy intake has been reported at 24–27 kcal/kg/day [ 15 ,  40 ]. In the HEMO 
Study, patients averaged 23 kcal/kg/day, signifi cantly less than the NKF-KDOQI guidelines for calo-
ries and less than the HEMO target of 28 kcal/kg/day [ 41 ]. Energy intake was less and patient reported 
appetite was suboptimal on dialysis days when compared to a non-dialysis days. Contributing factors 
were thought to be fatigue after dialysis or the catabolic, physiologic, and metabolic effects of dialysis 
on the body [ 42 ]. Other factors such as taste disturbances, medications, missed meals on dialysis days, 
overly restricted diet, delayed gastric emptying, repeated hospitalizations, and psychosocial concerns 
may also contribute to inadequate energy intake [ 8 ,  16 ,  43 ]. A standard dialysate solution containing 
200 mg/dL glucose contributes only a small amount of calories during thrice weekly dialysis and does 
not signifi cantly contribute to energy intake [ 23 ]. Assessment and counseling by the dietitian is impor-
tant in helping the patient achieve an adequate intake. The use of nutritional supplements may need to 
be considered (see Chap.   14    ).  

    Peritoneal Dialysis 

 For patients receiving PD, energy levels should include calories from both diet and the dialysate since 
calories absorbed during dialysis can be signifi cant and lead to weight gain. Several formulas have 
been published for determining caloric load from PD and these are found in Table  11.1  [ 44 – 47 ]. The 
most accurate method is to compare the grams of glucose infused with the grams of glucose in the 
effl uent [ 48 ]. Glucose absorption differs between therapies with patients on continuous cyclic perito-
neal dialysis (CCPD) absorbing approximately 40 % of calories due to shorter dwell times while 
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patients on continuous ambulatory peritoneal dialysis (CAPD) absorb approximately 60 % of calories 
[ 46 ,  48 ]. The clinician needs to remember that patients are taught to adjust their usual dextrose pre-
scription for incidences of fl uid overload or dehydration and low blood pressure so caloric contribu-
tion from dextrose may vary. It may be diffi cult to restrict calories for weight reduction in PD patients 
without compromising protein intake and nutritional status. To help with weight control, patients 
should be encouraged to limit excessive sugars and fats and to exercise if possible.

   Icodextrin is an alternative polyglucose PD solution produced from the hydrolysis of cornstarch. 
Because it is a macromolecule, it is absorbed more slowly by the peritoneal membrane resulting in a 
sustained ultrafi ltration (UF) and lower glucose absorption [ 46 – 49 ]. Icodextrin provides a caloric load 
similar to a 2.5 % dextrose dialysate solution over the longer dwell. One of the metabolites of icodex-
trin is maltose which can interfere with certain blood glucose monitors and strips causing a falsely 
elevated reading [ 47 – 50 ]. Individuals with diabetes who use icodextrin need to check with the manu-
facturer of their glucose meter and strips to assure they are using a system not affected by the 
maltose.  

    Nocturnal Hemodialysis/Short Daily Hemodialysis 

 There have been limited studies examining the nutritional needs of patients receiving NHD and 
SDHD. The current recommendations are extrapolated from the needs of the conventional HD patient 
(i.e., thrice weekly dialysis). The diet should be individualized to the patient based on lab data, inter-
dialytic fl uid weight gains, and duration of dialysis. Because of the frequency and duration of dialysis, 

   Table 11.1    Suggested methods to estimate calories absorbed from peritoneal dialysis   

 Formula  Comment 

 (11.3 X  − 10.0) × L infl ow × 3.4 = kcal absorbed from glucose  Does not account for differences in membranes 
  X  = average glucose concentration infused [ 44 ] 

 Glucose absorbed (kcal) = (1 −  D / Do ) x  1   Considers dialysis modality and membrane 
transport type   D / Do  is the fraction of glucose remaining and the  x  1  is the 

initial glucose infused [ 45 ] 

  Simple estimate :  Does not consider membrane transport type or 
type of PD modality 

  G glucose infused (based on total vol of exchanges) × % 
absorption (per modality) = G glucose absorbed 

 Provides a rough estimate 

  G glucose absorbed × 3.4 = glucose kcal absorbed 

  % Absorption : 
  APD: 40 % 
  CAPD: 60 % 
  Icodextrin: 20–35 % 

  G glucose/L : 
  1.5 % = 15 g 
  2.5 % = 25 g 
  4.25 % = 42.5 g 
  7.5 % icodextrin = 75 g 

  From refs. [ 44 – 48 ] 
 Adapted with permission from © Academy of Nutrition & Dietetics (formerly the American Dietetic Association):  A 
Clinical Guide to Nutrition Care in Kidney Disease  2004 
  APD  automated peritoneal dialysis,  CAPD  continuous ambulatory peritoneal dialysis,  PD  peritoneal dialysis,  vol  

volume  
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the diet for NHD tends to be more liberal than conventional HD. There are no established energy 
guidelines for NHD or SDHD so current recommendations follow the KDOQI Nutrition Guidelines 
for conventional HD and energy needs can be adjusted as needed to maintain weight (Table  11.2 ). 
With both NHD and SDHD, appetite has been reported to improve leading to an increase in both 
protein and calorie intake [ 23 ,  37 ,  51 ]. Weight gain may occur so energy needs should be adjusted and 
 exercise encouraged if the patient is physically able to participate [ 23 ,  51 ].

    Table 11.2    Daily nutrient recommendations for adult dialysis patients   

 Nutrient  Hemodialysis  Peritoneal dialysis 
 Nocturnal/short daily 
hemodialysis 

 Energy (kcal/kg SBW 
or adj IBW) 

 30–35 ≥ 60 years  Same and include dialysate 
kcal 

 None established. Use KDOQI for 
HD  35 < 60 years 

 Protein (g/kg SBW or 
adj IBW) 

 1.2 (≥50 % HBV)  1.2–1.3 (≥50 % HBV)  Use KDOQI for HD and 
individualize 

 Sodium  2 g/day  2–3 g/day. Monitor BP 
control, fl uid balance 

 NHD: 2.4–4 g/day 
 SDHD: 2–3 g 
 Monitor BP control, fl uid balance 

 Potassium  2–3 g/day  3–4 g/day-unrestricted. 
Monitor serum levels 

 Dependent on serum levels 

 Calcium  ≤2,000 mg total 
elemental 

 Same  Same 

 Phosphorus  800–1,000 mg or 
10–12 mg/g protein 

 Same. Adjust to meet 
protein needs 

 NHD: mild to unrestricted 
 SDHD: suggest HD restriction; 

adjust to control serum levels 
 Fluid  750–1,000 mL + UO  Individualize for fl uid 

balance 
 Individualize for BP, UO, and fl uid 

balance 
 Thiamine  1.2–1.5 mg/day  Same  Same 
 Ribofl avin  1.1–1.3 mg/day  Same  Same 
 Niacin  20 mg/day  Same  Same 
 Biotin  30 μ/day  Same  Same 
 Pantothenic acid  5–10 mg/day  Same  Same 
 Cobalamin  2–3 μ/day     Same  Same 
 Pyridoxine  10 mg/day  Same  Same 
 Folate  1–10 mg/day a   Same a   Same a  
 Vitamin C  60–100 mg/day  Same  Same 
 Vitamin A  None  None  None 
 Vitamin D  Individualize  Individualize  Individualize 
 Vitamin E  Optional b   Optional b   Optional b  
 Vitamin K  None c   None c   None c  
 Zinc  If needed d   If needed d   If needed d  
 Copper  None  None  None 
 Iron  Individualize e   Individualize e   Individualize e  
 Selenium  None  None  None 
 Magnesium  None  None  None 
 Aluminum  None  None  None 

   Source : Data from [ 23 ,  51 ,  68 ,  98 ,  102 ,  104 ] 
  SBW  standard body weight,  adj IBW  adjusted ideal body weight,  HD  hemodialysis,  BP  blood pressure,  Ca  calcium,  UO  
urine output,  EPO  erythropoietin 
  a 1 mg is standard recommendation but higher amounts may be needed. See text 
  b 400 IU may be indicated. See text 
  c May need supplement if on antibiotics and have poor oral intake 
  d May be supplemented up to 15 mg elemental zinc 

  e Varies based on EPO dose  
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        Protein 

    Hemodialysis 

 Adequate protein intake is important to ensure that the patient maintains positive or neutral nitrogen 
balance. The KDOQI Nutrition Guidelines recommend 1.2 g/kg standard or adjusted body weight for 
the clinically stable HD patient with at least 50 % from high biological value (HBV) sources. HBV 
protein or animal protein is used more effi ciently and provides the required essential amino acids [ 10 ]. 
Vegetarian patients will require ongoing counseling by the dietitian to help ensure they consume 
adequate protein from legumes or soy products without excess mineral load. Protein recommenda-
tions are based on a small number of nitrogen balance studies and do not differentiate for age. While 
it is possible that protein needs of the elderly patient receiving maintenance HD may be slightly 
reduced, the catabolic effects of dialysis along with other comorbid conditions may outweigh this 
reduction. A small number of studies have shown that the risk level for malnutrition in elderly HD 
patients is higher than in younger patients [ 52 – 55 ]. 

 Protein intake is often inadequate in HD patients and contributes to PEW. In the HEMO Study, less 
than 20 % of the patients at baseline met the current KDOQI Nutrition Guidelines for protein with the 
average intake being 0.93 g/kg/day [ 41 ]. Protein needs are also infl uenced by metabolic acidosis, 
infection, infl ammation, or surgical procedures associated with increased catabolism. Current protein 
recommendations are based on older metabolic studies and do not take into account the newer, highly 
permeable dialyzer membranes that have been shown to increase amino acid loss and lower serum 
albumin levels [ 28 ]. Further research on the effect of new dialyzer membranes and techniques on 
nutritional requirements is needed. There is limited data on the protein needs of the acutely ill main-
tenance HD patient and KDOQI recommends that these patients receive at least 1.2 g protein/kg/day 
[ 10 ]. Hospitalized HD patients generally consume less than the recommended amount of protein and 
may need intensive nutrition counseling, monitoring, and possibly nutritional support to provide ade-
quate protein to meet their needs.  

    Peritoneal Dialysis 

 Protein requirements in PD are higher than for HD due to increased losses during dialysis. PD patients 
lose between 5 and 15 g protein/day through the peritoneum with the average being 9 g. Approximately 
half of that protein loss is in the form of albumin [ 22 ]. During episodes of peritonitis this loss can 
increase by 50 % or more and may remain elevated for 2–3 weeks after resolution of the infection [ 46 , 
 56 ,  57 ]. Metabolic balance studies found that in clinically stable patients, 1.2–1.3 g protein/kg/day 
was required to maintain neutral or positive nitrogen balance [ 58 ,  59 ]. Based on these studies, KDOQI 
recommends that PD patients consume no less than 1.2 g protein/kg/day and that 1.3 g/kg/day be 
prescribed with 50 % from HBV sources [ 10 ]. Achieving this intake is sometimes diffi cult for patients 
and the dietitian needs to assess protein intake for adequacy.  

    PNA: Hemodialysis and Peritoneal Dialysis 

 Protein nitrogen appearance (PNA) is used to estimate protein intake in the clinically stable dialysis 
patient. Protein is metabolized to nitrogenous products, and in the stable patient, nitrogen waste prod-
ucts removed are equal to protein intake. PNA is calculated from the urea appearance rate. Urea 
nitrogen appearance rate is calculated from 24-h collections of urea dialysate and urine concentrations 
in the PD patient or estimated from the interdialytic changes in serum urea nitrogen in the HD patient. 
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The equations can be found in the KDOQI Nutrition Guidelines [ 10 ]. After PNA is calculated, it can 
be normalized (nPNA) to body size. PNA may also be normalized to actual edema free body weight; 
however, this method will give a higher nPNA in malnourished patients with low body weights than 
in the overweight patient in good nutritional status [ 10 ,  56 ]. In these cases, normalizing to ideal body 
weight may be more appropriate [ 10 ]. If the patient is catabolic, the PNA will be high in proportion 
to the actual dietary protein intake. If the patient is anabolic, then the reverse will occur [ 25 ].  

    Nocturnal Hemodialysis/Short Daily Hemodialysis 

 There are no established guidelines for protein requirements in NHD or SDHD, so current recom-
mendations are to implement the KDOQI guidelines for protein and adjust to maintain adequate 
serum albumin levels (see Table  11.2 ) [ 51 ]. Patients receiving NHD usually have good protein intakes 
possibly due to an increased clearance of middle and larger molecular weight substances during the 
longer dialysis [ 51 ]. Patients on SDHD have been shown to also have increased protein intakes pos-
sibly due to the increased frequency of dialysis [ 60 ,  61 ].  

    Nutrition Support 

 Patients who are malnourished at the initiation of dialysis, later develop malnutrition, or have perito-
nitis will have increased dietary protein and energy requirements [ 56 ]. Achieving adequate intake 
may be diffi cult since oral intake may have spontaneously declined. It may be necessary to liberalize 
the diet and encourage the use of oral nutritional supplements in the form of modular protein powders 
or nutritionally complete liquid products. Tube feeding or intradialytic parenteral nutrition (IDPN) 
may be considered for the HD patient who needs signifi cant nutrition support. The use of intraperito-
neal amino acids in    intraperitoneal nutrition (IPN) has been shown to improve nutritional status in 
malnourished PD patients and is as an option in the patient who has failed to achieve/maintain an 
adequate protein intake [ 62 – 64 ]. Both IDPN and IPN are limited by cost and insurance reimburse-
ment. For more information, refer to Chap.   14    .   

    Sodium and Fluid 

    Hemodialysis 

 Sodium and fl uid control are very important in patients receiving maintenance HD. When the glo-
merular fi ltration rate (GFR) falls below 15 mL/min/1.73 m 2 , the kidneys’ ability to compensate and 
excrete sodium declines, leading to sodium retention. Since a patient’s GFR declines within the fi rst 
few months on HD to 1–2 mL/min/1.73 m 2  and the patient becomes oliguric or anuric, diet and dialy-
sis become the two controlling factors in sodium and fl uid balance [ 23 ]. Excessive fl uid and sodium 
intake between treatments can result in sodium and fl uid overload leading to hypertension and cardiac 
problems such as congestive heart failure (CHF) [ 65 ,  66 ]. In addition, removal of large interdialytic 
fl uid weight gains to achieve a dry weight may not be possible during one treatment and may cause 
intradialytic hypotension, cramping, angina, arrhythmias, and malaise [ 23 ,  67 ]. The recommended 
sodium intake for HD patients is 2 g/day while the recommended fl uid intake is 750–1,000 mL plus 
urine output and, in general, should not exceed 1,500 mL/day including that in food [ 22 ,  23 ,  67 ]. The 
goal is to minimize interdialytic weight gains and control blood pressure. Ideally, interdialytic weight 
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gains between treatments should not exceed 2–3 kg or 3–5 % of the patient’s dry weight [ 67 ,  68 ]. 
Some nephrology specialists think that lower sodium intakes of 1–1.5 g/day would be benefi cial but 
this may impact the nutritional status of the patient by limiting intake of important nutrients, espe-
cially if poor food choices are made. The accessibility of high sodium convenience and fast foods 
makes patient adherence diffi cult. Reduced or low sodium convenience foods in the grocery store may 
have potassium chloride added to replace sodium making them potentially dangerous for the HD 
patient. Patients should be counseled on avoiding high sodium foods, label reading, making appropri-
ate choices when eating out, and ways to help control thirst. While high interdialytic weight gains can 
indicate excessive consumption of sodium and fl uid, very low interdialytic weight gains, especially in 
the elderly, may be an early indicator of poor oral intake [ 69 ]. The elderly dialysis patient, already at 
risk for malnutrition, may over restrict both their food and fl uid intake. A thorough diet history, along 
with a review of other nutritional parameters, should be obtained to assess the nutritional adequacy of 
the diet.  

   Peritoneal Dialysis 

 The recommended sodium restriction for patients receiving PD is 2–3 g/day and should be individual-
ized depending on cardiac status, blood pressure control, and fl uid balance. Sodium is usually easily 
cleared in PD, with the majority of patients clearing 3–4 g of sodium daily depending on their dialysis 
prescription [ 70 ,  71 ]. Excess dietary sodium intake will affect volume retention and blood pressure 
control [ 65 ,  71 – 73 ]. Patients receiving PD who are volume-overloaded, hypertensive, and unrespon-
sive to management by medication may require a stricter sodium and fl uid restriction [ 72 ]. To correct 
volume overload it becomes necessary to use a hypertonic dialysate solution. The frequent use of high 
dextrose concentrations can damage the peritoneum leading to alterations in and possible loss of UF 
by the peritoneal membrane [ 50 ,  74 ,  75 ]. Hypertonic dextrose solutions can also aggravate hypertri-
glyceridemia, hyperglycemia, and hyperinsulinemia and promote weight gain [ 40 ]. Patients may ini-
tially start out with a liberal sodium intake (3 g) but it may become necessary to reassess the patient 
for declining residual renal function and uncontrolled blood pressure to determine whether a reduc-
tion in sodium intake is indicated. 

 Fluid removal in PD is regulated by the strength of the dialysate concentration used, i.e., the higher 
the concentration, the more fl uid removed [ 46 ,  50 ]. Patients are taught to monitor their blood pressure, 
weight, and drain volumes to identify if and when any change in their normal dialysis prescription 
may be needed. Ultrafi ltration (UF) using glucose occurs quickly and early in the PD exchange, which 
can present a problem for the volume overloaded patient who requires a higher UF during the long 
overnight CAPD dwell or the daytime CCPD dwell [ 50 ]. In these circumstances, icodextrin can be 
used as an alternative dialysate. The recommended fl uid allowance for patients receiving PD should 
be individualized for each patient with the goal of minimizing the use of hypertonic exchanges. The 
typical daily fl uid allowance should not exceed 2 L; however, patients with a high urine output may 
need to have additional fl uid [ 25 ,  48 ]. Fluid allowance may be less depending on cardiac status, blood 
pressure control, rate of UF, and amount of remaining residual renal function.  

   Nocturnal Hemodialysis/Short Daily Hemodialysis 

 Sodium and fl uid restriction in the NHD and SDHD patient is dependent on fl uid balance, blood pres-
sure control, and the type of dialysis machine used. The current Dietary Reference Intake (DRI) for 
sodium is 2,400 mg/day and is a good starting point for the stable patient, but no formal guidelines for 
this cohort have been published. The hypotensive NHD patient may require a more liberal sodium 
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prescription. Fluid intake should be individualized based on interdialytic weight gain. A fl uid restric-
tion may not be required for the NHD patient as long as the patient does not gain more than he/she can 
safely remove while maintaining hemodynamic stability. This may vary slightly from patient to 
patient based on the dialysis prescription, but it is approximately 2–4 L/night [ 51 ]. 

 Patients on SDHD dialyze 2–3 h/day so they are limited in the amount of fl uid they can safely 
remove in one treatment. Patients may dialyze on a conventional HD machine or the NxStage System 
One machine. There are no formal guidelines, but clinical experience suggests that 1–1.5 L/h can be 
removed safely depending on the type of dialysis machine used for treatment.   

    Potassium 

   Hemodialysis 

 As the GFR falls, the kidneys lose their ability to fi lter potassium, and fecal potassium excretion increases 
[ 23 ,  76 ]. Potassium removal during HD averages between 70 and 150 mEq per treatment [ 77 ]. This will 
vary depending on the dialyzer clearance and the potassium concentration of the dialysate, i.e., the 
higher the dialysate concentration, the less potassium is cleared. Most patients receiving maintenance 
HD are placed on a dialysate bath of 2–3 mEq/L, with the standard being 2 mEq/L [ 23 ,  77 ]. Use of low-
potassium dialysate (0–1 mEq/L) is rarely used in the outpatient dialysis setting because of the increased 
risk of cardiac arrest due to hypokalemia [ 23 ]. Patients with a low pre- dialysis serum potassium 
(<3.5 mEq/L) will generally require the upper range of the dialysate bath (3–4 mEq/L) especially if oral 
intake is poor. Hyperkalemia may be categorized as either mild (serum potassium 5.5–6.5 mEq/L) or 
moderate (>6.5 mEq/L) and may result in cardiac arrhythmias and cardiac arrest [ 23 ]. 

 The recommended dietary potassium restriction is 2–3 g/day and should be individualized based 
on serum lab values [ 22 ,  23 ,  40 ]. Nutritional counseling regarding food sources of potassium and 
patient education about the complications of hyperkalemia are important to help the patient avoid 
elevated potassium levels during the interdialytic period. The primary sources of potassium are fruits, 
vegetables, and dairy along with nuts, seeds, nut butters, and dried beans and peas. Patients should 
also avoid salt substitutes, which contain potassium chloride, and check with their doctor or dietitian 
before using any herbal products or dietary supplements. Patients should also be counseled to check 
food labels on reduced or low sodium products for the addition of potassium chloride. For patients 
who are chronically nonadherent and whose dialysate bath cannot be lowered, a short-term dose of an 
oral sodium polystyrene sulfonate resin such as Kayexalate may be given [ 23 ,  40 ]. While the primary 
cause of hyperkalemia may be dietary intake, non-dietary factors such as medications, hyperglyce-
mia, metabolic acidosis, pica behaviors, and inadequate dialysis can also lead to elevated serum levels 
and should be investigated if dietary causes can be ruled out (Table  11.3 ) [ 76 – 79 ].

      Peritoneal Dialysis 

 Hyperkalemia is less common in patients receiving PD due to the continuous nature of the dialysis and 
some patients may not require a potassium restriction [ 48 ,  77 ]. A 3–4 g/day dietary potassium restriction 
is recommended and should be adjusted based on laboratory values to maintain serum potassium within 
normal ranges [ 48 ]. It is advisable to have patients spread their high-potassium food choices throughout 
the day. Patients with diabetes should be cautioned not to treat frequent low blood glucose levels with 
only high-potassium fruit juices, such as orange juice, as this may cause hyperkalemia. Some patients 
may become hypokalemic due to nausea, vomiting, diarrhea, or inadequate dietary intake and may 
require liberalization of the diet and oral potassium supplementation [ 77 ,  80 ].  

K. Wiesen



183

   Nocturnal Hemodialysis/Short Daily Hemodialysis 

 A potassium restriction in NHD is normally not required unless mid-week serum levels are high [ 51 , 
 81 ]. If a patient skips one night of treatment and has a high interdialytic potassium level, then that 
patient should be placed on a potassium restriction over their longest skip period [ 51 ]. Although no 
specifi c recommendations are available, clinical experience suggests that a 2.5–3 g potassium diet 
may be appropriate depending on the degree of hyperkalemia. Patients who are hypokalemic will 
need to increase their dietary potassium intake, be given a potassium supplement, or have the potas-
sium concentrate of the dialysate adjusted if unable to maintain normal levels by diet alone [ 51 ]. 

 There have been limited studies on potassium removal in SDHD. One study using the NxStage 
System showed an average of 73 mmol of potassium cleared per treatment [ 82 ]. Kohn demonstrated an 
average of 55 mEq removed with a range of 35–80 mEq [ 83 ]. Potassium clearance on SDHD is not as 
good as on PD but slightly better than conventional HD when one compares weekly potassium removal. 
There are no formal guidelines and more research is needed. Since most patients transition from conven-
tional HD to SDHD, clinical experience suggests patients continue with their conventional HD dietary 
recommendations and then adjust the diet during the initial training period to control serum levels.   

    Calcium/Phosphorus/Vitamin D 

   Hemodialysis and Peritoneal Dialysis 

 Calcium and phosphorus balance in healthy individuals is maintained through interactions between 
the kidneys, parathyroid glands, bones, and intestines. In CKD, the decline in GFR results in 
increased phosphorus retention and the decreased production of 1-25-dihydroxycholecalciferol 

   Table 11.3    Dietary and non-dietary causes of hyperkalemia in hemodialysis patients   

  Dietary causes  
  Use of salt substitutes 
  Pica behavior 
  Use of herbal or over-the-counter vitamin/mineral supplements 
  Excessive consumption of high-potassium foods 
  Excessive consumption of liquid nutritional supplements 
  Non-dietary causes  
  Severe, chronic constipation 
  Loss of remaining residual renal function 
  High dialysate potassium concentration 
  Frequent use of chewing tobacco 
  Metabolic acidosis 
  Inadequate dialysis 
  Blood transfusions 
  Hemolysis of blood sample due to error in blood draw or specimen handling 
  Hyperglycemia: potassium shifts from cell into serum 
  Conditions causing release of potassium through tissue destruction such as catabolism, starvation, infection, burns, 

surgical stress, chemotherapy 
  Drug interactions: beta blocking agents, spironolactone, angiotensin-converting enzyme inhibitors, cyclosporine, 

digoxin 
  Comorbid conditions such as Addison’s disease, sickle-cell anemia, hypoaldosteronism 

  Data from refs. [ 23 ,  68 ,  76 ,  77 ] 
 Adapted from Beto J. Hyperkalemia: Evaluation of dietary and non-dietary etiology. J Ren Nutr. 1992;2:28–29  
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(1,25(OH) 2  Vit D) or calcitriol, the active form of vitamin D. Decreases in calcitriol can result in 
reduced intestinal calcium absorption, decreased mineral reabsorption/excretion by the kidneys, 
increased bone turnover, and increased parathyroid hormone (PTH) production [ 84 ]. These meta-
bolic changes, along with hyperphosphatemia, can lead to secondary hyperparathyroidism, renal 
osteodystrophy, and elevated PTH levels. Active vitamin D can be given orally or intravenously 
during dialysis to correct vitamin D defi ciency and suppress PTH production and secretion; how-
ever, calcitriol supplementation can also increase intestinal absorption of calcium and phosphorus 
and increase calcium mobilization from the bone leading to further mineral imbalance [ 84 ]. Newer 
analogs are available to suppress PTH with less impact on calcium and phosphorus. Regardless of 
therapy, all patients should be closely monitored to keep calcium, phosphorus, and PTH levels within 
recommended guidelines. 

 Both excessive calcium load and hyperphosphatemia are associated with bone disease, vascular 
and soft tissue calcifi cation, and increased cardiovascular mortality because they contribute to an 
elevated Ca × P product [ 85 – 87 ]. Research indicates that a Ca × P product >55 is related to an increase 
in mortality in CKD patients [ 88 ]. Calcium load is affected by the amount of dialysate calcium, 
dietary calcium intake, and use of calcium-based medications, specifi cally phosphorus binders, while 
serum phosphorus is controlled by adequate dialysate, diet restrictions, and use of phosphorus binders 
[ 23 ,  89 ]. Dietary calcium intake in dialysis patients is generally about 500 mg/day when high- 
phosphorus foods are limited, the patient is compliant with restrictions, and no calcium-fortifi ed foods 
are used. The increasing amount of calcium-fortifi ed foods in the supermarket means that patients 
must be counseled to carefully read food labels to avoid these items. KDOQI recommends no more 
than 800–1,000 mg phosphorus per day; however, in some cases this may be diffi cult to achieve since 
many high-phosphorus foods are also high in protein. The phosphorus restriction needs to be adjusted 
to dietary protein requirements to prevent protein malnutrition. For PD and HD patients with higher 
protein needs, calculating phosphorus based on protein requirements (using 10–12 mg phosphorus/
gram protein) should provide a reasonable phosphorus restriction [ 90 ]. Phosphorus is not currently 
required to be listed on food labels, and the use of phosphate-based food additives has contributed to 
hidden sources of phosphorus outside the traditionally known high-phosphorus foods. The inorganic 
phosphates used as food additives are also 100 % absorbable as compared to the 50–60 % absorption 
rate from naturally occurring phosphorus [ 91 ]. Refer to Chap.   15     for a review of bone disease man-
agement in CKD.  

   Nocturnal Hemodialysis/Short Daily Hemodialysis 

 With NHD, weekly phosphate removal is twice that of conventional HD so phosphate levels are gen-
erally normal or low and calcium-phosphorus balance is normal [ 81 ,  92 ,  93 ]. Phosphorus restriction 
is not needed in the majority of patients, but it is dependent on the patients’ appetite, oral intake, and 
serum phosphorus levels. A large percentage of patients may be able to decrease or discontinue use of 
phosphate binders. Phosphorus levels should be monitored and the diet individualized. In patients 
who are hypophosphatemic and unable to increase dietary phosphorus intake, phosphate may be 
added to the bicarbonate bath [ 92 ]. 

 Phosphorus control is not as good on SDHD compared to NHD. Weekly phosphorus removal has 
been shown to be 606–694 mg per treatment and is dependent on pre-dialysis levels of phosphorus as 
well as time on dialysis [ 82 ,  83 ]. Phosphorus removal is increased when levels are greater than 5 mg/
dL [ 82 ,  83 ]. Phosphorus binder dose has been shown to either increase or decrease slightly depending 
on HD duration and frequency and dietary protein and phosphorus intake [ 61 ,  82 ,  83 ]. Phosphorus 
intake may be higher due to improved appetite and higher protein intakes. There are no formal 
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evidence- based guidelines for dietary phosphorus restrictions in SDHD. However, based on current 
studies, it is prudent to restrict phosphorus intake to control serum levels.   

    Lipids 

   Hemodialysis 

 There is a high prevalence of lipid abnormalities in the dialysis population, which is a contributing 
risk factor to cardiovascular disease (CVD). The mortality rate from CVD in patients undergoing 
maintenance HD is almost 50 % [ 23 ]. HD patients generally have normal or high total cholesterol, 
low-density lipoproteins (LDL), and triglycerides (TG) and normal or low high-density lipoproteins 
(HDL) [ 23 ,  94 ]. According to the Dialysis Morbidity and Mortality Study, only 20 % of patients 
receiving maintenance HD meet the recommended normal lipid parameters outlined by the National 
Cholesterol Education Program (NCEP) Adult Treatment Panel (ATP III) [ 95 ]. The KDOQI recom-
mended therapeutic lifestyle changes (TLC) are covered in detail in Chap.   9    . Briefl y, it recommends: 
(a) a reduction in saturated fat to <7 % of total calories; (b) a reduction in total fat to 25–35 % of total 
calories with monounsaturated fat providing up to 20 % of calories and polyunsaturated fat up to 
10 %; (c) total dietary cholesterol <200 mg/day; (d) increased dietary fi ber; and (e) modifi cations in 
calories to attain or maintain a desired weight along with exercise and smoking cessation [ 95 ]. 

 Before beginning any dietary modifi cations, the dietitian should assess the patient for any signs of 
PEW, as addition of a fat restricted diet can compromise caloric intake which can further compromise 
nutritional status [ 96 ]. Patients also encounter diffi culty trying to comply with the fat recommenda-
tions in addition to a complex renal diet. Dietary modifi cation may be undertaken if the patient is 
well-nourished; however, pharmacological intervention with lipid-lowering medication may be the 
only intervention used if the patient is unable or unwilling to further modify their diet. Encouraging 
general recommendations for modifying saturated fat along with smoking cessation and promoting 
exercise should be encouraged.  

   Peritoneal Dialysis 

 Patients receiving PD often have elevated LDL, total cholesterol, and TG levels along with abnormali-
ties in serum apoproteins thought to be related to the glucose uptake from the dialysate and increased 
protein losses during dialysis [ 25 ,  50 ,  97 ]. There is little data as to the effectiveness of diet modifi cation 
on lipid levels in PD patients with the exception of maintaining good glycemic control in those with 
diabetes [ 96 ,  97 ]. Strict fat restricted diets may also compromise protein and calorie intake and lipid-
lowering medications are generally the fi rst line of treatment along with encouraging general TLC such 
as smoking cessation and exercise. Maintaining adequate protein intake is the primary goal. Minimizing 
saturated fat and sugar intake should be recommended when possible, but strict dyslipidemia diets may 
not be appropriate for patients receiving PD if nutritional status is compromised [ 94 – 96 ].  

   Nocturnal Hemodialysis/Short Daily Dialysis 

 While there are no specifi c recommendations for NHD and SDHD, it would be prudent to encourage 
patients to follow general therapeutic lifestyle recommendations suggested by the KDOQI guidelines 
for dyslipidemias due to the high risk of CVD in the dialysis population.    
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    Vitamins, Minerals, and Trace Elements 

 Vitamins, minerals, and trace elements are micronutrients required by the body to help with normal 
metabolism, energy production, cell function, and growth and recently have been shown to help lower 
the risk for CVD and cancer in the general population [ 98 ,  99 ]. The Food and Nutrition Board of the 
Institute of Medicine has developed DRIs for most of the micronutrients for the general healthy popu-
lation. The DRIs for the patient receiving maintenance dialysis have not been established and the 
vitamin and mineral recommendations are the same for HD and PD. Kidney failure can cause impaired 
or excessive excretion of micronutrients due to the loss of glomerular fi ltration or impaired tubular 
function leading to either a defi ciency or toxicity [ 98 ]. 

 The current recommendations for vitamins and minerals in NHD and SDHD are the same as those 
for conventional HD. There is some concern that there may be an increased loss of water-soluble 
vitamins, especially vitamin C, because patients are dialyzing twice as many days. In the few studies 
that have been done, lower levels of vitamin C and thiamine have been found [ 51 ,  81 ,  100 ,  101 ]. 
Further research is needed in this area. 

    Water-Soluble Vitamins 

 There are numerous causes of water-soluble vitamin defi ciency in dialysis patients and these include 
patient anorexia, alterations in metabolism caused by renal failure, the dialysis process, drugs which 
may affect absorption, and the renal diet restrictions [ 23 ,  25 ,  102 ]. Water-soluble vitamins are small, 
nonprotein bound substances which are removed by dialysis and may be lost at a rate greater than 
normal urinary excretion [ 102 ]. Dialysis membrane pore size, surface area, and increased fl ow rates 
can adversely affect water-soluble vitamin retention [ 98 ,  103 ]. Some drugs such as immunosuppres-
sants, anticonvulsants, and chemotherapy drugs used to treat comorbid conditions can also interfere 
with vitamin absorption [ 104 ]. See Chap.   24     for an in-depth review of vitamins in CKD. 

 Little research has been done to determine the exact requirements for biotin, ribofl avin, panto-
thenic acid, niacin, cobalamin, and thiamine in kidney failure and serum levels are usually normal 
[ 98 ]. Thiamine defi ciency has been reported in dialysis patients and several symptoms of thiamine 
defi ciency, such as CHF with fl uid overload (wet beriberi), lactic acidosis, and unexplained encepha-
lopathy, can mimic uremic complications making an early diagnosis diffi cult [ 98 ,  105 ,  106 ]. Biotin 
levels have been shown to be normal, but supplementation may help with dialysis-related intractable 
hiccups [ 107 ,  108 ]. 

 The water-soluble vitamins most likely to be defi cient are pyridoxine (B-6), folic acid, and vitamin 
C [ 22 ,  98 ,  102 ,  103 ]. Adequate stores of B-6 are necessary for erythropoietin (EPO) to be effective in 
promoting red blood cell (RBC) formation, and defi ciency symptoms include peripheral neuropathy 
and burning [ 98 ,  104 ]. Levels of B-6 are low to normal in patients receiving conventional dialysis with 
higher losses for patients on high-fl ux/high-effi ciency dialyzers or those receiving EPO therapy [ 40 , 
 98 ,  103 ]. B-6, along with folic acid and vitamin B-12, is a cofactor in homocysteine metabolism, and 
low levels may result in hyperhomocysteinemia, which can contribute to increased cardiovascular risk 
in patients receiving maintenance dialysis [ 109 – 112 ]. Therefore, more than the DRI for pyridoxine is 
required with the recommended amount being 10 mg/day [ 99 ]. Although the risk for pyridoxine tox-
icity is low, an upper limit (UL) has been established at 100 mg/day. Doses higher than this can cause 
a sensory neuropathy [ 98 ,  102 ]. 

 Adequate serum levels and body stores of folic acid are important for RBC [ 98 ,  113 ]. Levels are 
generally normal, but losses may be higher in hemodialysis especially with high-fl ux dialysis. Folic 
acid supplementation may be indicated for the management of hyperhomocysteinemia as it enhances 
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homocysteine removal [ 112 ,  113 ]. Hyperhomocysteinemia can damage vascular endothelial cells, 
cause lesion formation, and promote platelet aggregation leading to CVD [ 112 ]. High-dose folic acid 
therapy (5–15 mg daily) has been shown to reduce homocysteine levels by 25–30 %, but does not 
normalize the levels. Further research on CVD outcomes are needed before conclusive recommenda-
tions on routine supplementation can be made [ 98 ,  113 ]. 

 Vitamin B-12 plays a role in folic acid metabolism and the formation of RBC. Levels may be nor-
mal as vitamin B-12 may not be removed as much as other water-soluble vitamins [ 23 ,  104 ]. There 
have been reports of B-12 defi ciency in patients on high-fl ux dialyzers and EPO and high-dose folic 
acid supplementation may increase requirements [ 103 ,  104 ,  109 ]. Vitamin B-12 levels may decrease 
as the length of time on dialysis increases [ 23 ]. Since vitamin B-12 relies on intrinsic factor for 
absorption, it may also be defi cient in patients with malabsorption, partial or total gastrectomy, and 
intestinal resection [ 23 ]. A water-soluble renal vitamin supplement containing thiamine, niacin, bio-
tin, ribofl avin, pantothenic acid, and cobalamin is generally recommended at levels to meet the DRIs 
for the general healthy population to help maintain normal levels (see Table   11.2    ). 

 Vitamin C has antioxidant properties, it regulates iron distribution and storage, and it may help to 
promote intestinal iron absorption [ 40 ,  98 ,  114 ]. Vitamin C levels can be low if not supplemented, 
since it is removed during dialysis and the patient’s dietary intake of vitamin C may be marginal [ 99 , 
 102 ]. The recommended daily dose of vitamin C is 60–100 mg. Higher doses can lead to oxalosis 
resulting in increased oxalate deposition in soft tissue, which can increase the risk of kidney stones, 
myocardial infarction, bone disease, and shunt failure [ 22 ,  98 ,  102 ,  104 ,  114 ]. Whether or not vitamin 
C supplementation can help reduce infl ammation and oxidative stress is still unclear and research is 
ongoing [ 22 ,  98 ]. Vitamin C has been shown to reduce leg cramps when given with vitamin E; how-
ever, the long-term safety has not been established [ 40 ,  115 ].  

    Fat-Soluble Vitamins 

 Vitamin A is not removed by dialysis and can accumulate in kidney failure. Vitamin A levels increase 
with duration of time on dialysis but not frequency, and levels are generally two to fi ve times higher 
in dialysis after patients in the general population [ 23 ,  98 ,  116 ]. Elevated vitamin A levels are thought 
to be due to the lack of removal of retinol-binding protein (RBP) by the kidney. Toxicity occurs when 
the amount of retinol exceeds the binding capability of RBP. Symptoms include hypercalcemia, ane-
mia, hypertriglyceridemia, and increased alkaline phosphate levels. These symptoms may mimic ure-
mia and a diagnosis of toxicity cannot be made without assessing serum vitamin levels [ 23 ,  98 ,  116 , 
 117 ]. Vitamin A supplementation is not recommended and intake from food and/or supplements 
should not exceed the DRI. Patients with malabsorption syndromes may require supplemental vitamin 
A, but retinol levels should be checked before initiating therapy and then monitored regularly to avoid 
toxicity [ 98 ,  102 ,  104 ,  117 ]. 

 Vitamin E is not removed by dialysis and levels have been reported to be low, normal, or high [ 23 , 
 102 ,  117 ]. Low serum levels of vitamin E are thought to be associated with the development of ath-
erosclerosis and cardiovascular events in the dialysis population, but research into the role of vitamin 
E in decreasing oxidative stress, infl ammation, and mortality has not demonstrated any appreciable 
benefi t [ 106 ,  117 ]. Vitamin E (400 μg), given with 250 mg vitamin C, has been shown to reduce leg 
cramps in patients receiving maintenance HD [ 115 ]. Vitamin E can cause an increased risk of deep 
vein thrombosis and a vitamin K-like responsive hemorrhagic condition in patients taking an antico-
agulant [ 23 ,  98 ]. Research indicates that supplementation ≥400 IU may increase all-cause mortality 
in the general population so amounts greater than the DRI are not recommended [ 118 ]. Vitamin K was 
thought not to be defi cient in patients receiving maintenance dialysis; however, recent research 
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indicates that close to 30 % of maintenance HD and PD patients demonstrate subclinical vitamin K 
defi ciency [ 23 ,  104 ,  117 ]. Adequate levels of Vitamin K may play a role in bone health by decreasing 
the frequency of bone fractures [ 119 ]. Further clinical trials are needed to look at the benefi ts or poten-
tial side effects of vitamin K supplementation; therefore, at this time there is still not enough evidence 
to recommend routine supplementation. Patients at possible risk for vitamin K defi ciency are those 
receiving long-term antibiotic therapy, those eating poorly over an extended period of time, or those 
patients on unsupplemented total parenteral nutrition [ 23 ,  109 ]. Excessive vitamin K can interfere 
with anticoagulant therapy; therefore, patients receiving vitamin K supplements should be closely 
monitored [ 23 ,  102 ,  104 ].  

    Minerals and Trace Elements 

 Minerals and trace elements are mainly supplied by diet; however, serum levels can also be affected 
by environmental exposure, length of dialysis, concentrations of the dialysate, poor nutrition, impaired 
absorption, or age [ 98 ,  109 ,  120 ]. Many minerals and trace elements are protein bound so uremia itself 
may alter levels; however, losses during dialysis are probably minimal [ 98 ,  120 ]. Levels of some 
minerals and trace elements will be affected by the concentration gradient between the dialysate fl uid 
and the serum. This section will provide an overview of select minerals in MHD. See Chap.   24     for 
further information. 

 Zinc defi ciency can lead to taste and smell dysfunction, impaired wound healing, decreased resis-
tance to infection, and sexual dysfunction [ 98 ,  121 ]. The prevalence of zinc defi ciency in patients receiv-
ing maintenance dialysis is not known but can occur, and toxicity is rare [ 23 ,  98 ,  121 ]. Zinc is protein 
bound so levels may be falsely low when albumin levels are low. Calcium and iron supplements as well 
as fi ber and alcohol intake can interfere with zinc absorption [ 98 ,  109 ]. These factors decrease the reli-
ability of using serum zinc alone as a diagnostic tool for zinc defi ciency or for monitoring patients 
receiving zinc supplements [ 98 ,  109 ]. Assessment of patient response to supplementation should use a 
combination of laboratory levels and changes in clinical symptoms. Chronic uremia can impair taste 
acuity; however, controversy exists as to whether or not zinc supplementation will improve taste percep-
tion [ 122 ,  123 ]. Short-term zinc supplementation may be benefi cial for wound healing; however, opti-
mal dose levels have not been determined [ 109 ]. Therefore, until more defi nitive outcomes are 
determined, the recommended amount of zinc should not exceed the DRI of 15 mg/ day. 

 Selenium levels have been found to be low in patients receiving maintenance dialysis and may be 
associated with low protein intakes [ 98 ,  124 ]. Selenium supplementation may help improve immune 
function by decreasing oxidative stress [ 22 ,  120 ]. Toxicity is rare but until more clinical evidence is 
established, regular supplementation is not recommended. 

 Copper levels have been shown to be normal and defi ciency is rarely seen unless the patient is 
receiving long-term parenteral nutrition with inadequate supplementation [ 98 ]. Serum copper levels 
can be affected by excessive intake or high zinc intakes can interfere with copper absorption [ 109 ]. 
Copper supplementation is not recommended for the dialysis patient. 

 Aluminum does not appear to have any essential function in the human body but it is important 
because of its potential toxicity in patients receiving maintenance dialysis [ 98 ]. Age, PTH, citrate, 
vitamin D, and fl uorine may increase aluminum absorption in the gut, and the length of time on dialy-
sis may increase aluminum levels in bone [ 23 ]. Aluminum toxicity in dialysis patients is due to 
increased uptake and storage and is associated with dialysis encephalopathy syndrome, refractory 
anemia, and a reduction in bone formation leading to aluminum-induced adynamic bone disease 
(ABD) or osteomalacia [ 23 ,  98 ]. A primary source of aluminum is aluminum-containing antacids and 
patients should avoid long-term use of these medications. However, as stated in the KDOQI Guidelines 
for Bone Disease, aluminum-based binders may be used on a short-term basis for patients with chronic 
hyperphosphatemia (refer to Chap.   15    ). 
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 Magnesium levels in patients receiving maintenance dialysis are generally normal to mildly 
 elevated due to a decrease in gastrointestinal absorption and the fact that high magnesium containing 
foods, such as green leafy vegetables and legumes, are generally restricted [ 23 ,  40 ]. Hypermagnesemia 
occurs primarily from excessive intake from drinking water, over-the-counter medications such as 
antacids or laxatives, alcoholism, or some phosphorus binders. Magnesium can be removed using a 
lower magnesium dialysate (0.75–1.5 mEq/L) [ 23 ]. Hypermagnesemia can cause hypertension, weak-
ness, and arrhythmias. Long-term hypermagnesemia may cause ABD by suppressing PTH secretion 
[ 40 ,  125 ]. Defi ciency can result in muscle weakness, seizures, and arrhythmias and may interfere with 
the release of PTH leading to hypocalcemia [ 23 ,  125 ]. Dietary restrictions are not instituted unless a 
patient develops hypermagnesemia and non-dietary sources are ruled out. Supplementation is not 
routinely prescribed unless the patient develops a magnesium defi ciency. 

 Iron is essential in many metabolic processes including oxygen transport by hemoglobin and myo-
globin. Iron is stored in the liver as ferritin and transported to cells as transferrin. Iron defi ciency is 
common in patients receiving maintenance dialysis because of frequent blood sampling, dialysis asso-
ciated losses, decreased availability of ferritin, losses during surgery, and gastrointestinal losses [ 98 ]. 
EPO therapy increases RBC production thereby increasing iron utilization [ 98 ,  126 ]. Monitoring iron 
balance using transferrin saturation and ferritin is important to correct defi ciency and prevent iron 
overload. Patients with CKD are unable to obtain adequate iron from diet alone and oral iron supple-
mentation may not be effective since absorption can be decreased by the presence of an infl ammatory 
state, iron stores, age, sex, timing of supplement administration, and simultaneous use of iron inhibit-
ing medications such as calcium [ 127 ,  128 ]. 

 Intravenous (IV) iron is usually administered during HD and when oral therapy in PD has failed. 
IV iron therapy has less gastrointestinal side effects and is more effi cient. Iron management in PD is 
similar to recommendations for HD except that patients are brought in-center for an IV iron infusion 
[ 48 ,  98 ]. See Chap.   13     for an in-depth review of anemia management.   

    Summary 

 Diet is an essential component in the treatment of patients receiving maintenance dialysis. The diet 
for Stage 5 CKD presents many challenges for the patient receiving maintenance dialysis that include 
lifestyle changes in food choices and preparation, adjusting to taking new medications, such as phos-
phorus binders with meals, and possibly having to combine the renal diet with other dietary modifi ca-
tions such as diabetes. The diet must be individualized for each patient to help promote adherence and 
maintain an optimal intake while balancing protein, sodium, potassium, phosphorus, and fl uid require-
ments. There are a variety of educational materials available to help educate both the patient and the 
professional. The National Kidney Foundation and the Academy of Nutrition and Dietetics (formerly 
the American Dietetic Association) provide both patient and professional educational material in the 
area of kidney disease that can be accessed online or by contacting the organizations. Understanding 
the different types of RRT and their nutritional implications are important in maintaining nutritional 
status and improving outcomes. Nutrition therapy should involve routine nutrition assessment, ongo-
ing monitoring of biochemical parameters, and individualized patient nutrition education.  

    Case Study 

 CT is a 34-year-old male, self-employed graphic designer who presents for training on CAPD after 
transferring from HD at another unit following failure of his 13-year-old kidney transplant. He has a 
history of esophageal refl ux and hypertension. CT lives alone and his reported appetite is fair. He 
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notes an 8-lb weight loss prior to starting HD and now complains of occasional indigestion stating 
food occasionally feels like it is lodged in his throat producing a feeling of choking. Height 6′2″, 
weight 182 lb (82.7 kg), estimated dry weight 182 lb (82.7 kg), usual weight 190 lb (86.4 kg). 
Medications: prenatal vitamin, Tums as needed, 10 mg prednisone, 1 (800 mg) sevelamer carbonate 
(Renvela) as phosphorus binder three times a day with meals. Initial labs: Ca 9.0 mg/dL, P 6.3 mg/dL, 
Na 141 mEq/L, K +  4.7 mEq/L, Chol 102 mg/dL, BUN 39 mg/dL, Cr 7.8 mg/dL, Alb 3.4 g/dL, CO 2  
22 mEq/L,  Kt / V  2.0, urine output = 1,500 mL. CAPD prescription: 3 (2.5 L) 1.5 % dextrose plus 1 
(2.5 L) 2.5 % dextrose. Twenty-four-hour diet recall indicates patient consumes an estimated 1,800–
2,000 kcal and 70–80 g protein over three meals with an occasional snack. CT does not use the salt 
shaker at the table and has had diffi culty decreasing his dairy intake. Estimated sodium intake is 
2,000–2,500 mg, potassium 3,000 mg, and phosphorus 1,800 mg. 

 After 3 months on PD, patient complains of increased dysphagia and decreased oral intake. There 
has been no change in the CAPD prescription. Weight 180 lb (81.8 kg). Lab: Ca 8.6 mg/dL, P 3.0 mg/
dL, Na 142 mEq/L, K +  2.8 mEq/L, BUN 28 mg/dL, Alb 3.1 g/dL, TP 6.1 g/dL, Chol 110 mg/dL,  Kt / V  
2.1, urine output 1,400 mL. The patient is referred for a barium swallow that indicates a severe hiatal 
hernia and Schatzki’s ring. CT had an esophageal dilation and dysphagia resolved. After 1 year on 
PD, CT’s UF declines leading to poor clearance and fl uid retention. He complains of early satiety, 
nausea, and severe anorexia and develops 3+ edema to the knee. Use of diuretics and 4.25 % dextrose 
is unsuccessful. A repeat  Kt / V  has dropped to 1.4. CT is switched to conventional HD on a 3.5 mEq 
calcium and 2.0 mEq potassium bath. After 1 week of HD, his appetite begins to improve and his labs 
are Ca 9.5 mg/dL, P 6.0 mg/dL, Na 128 mEq/L, K +  5.8 mEq/L, BUN 44 mg/dL, Cr 8.0 mg/dL, Alb 
3.0 g/dL, CO 2  24 mEqQ/L, Chol 150 mg/dL, urine output 500 mL, 1+ edema, weight 184 lb (83.6 kg), 
and estimated dry weight 182 lb (82.7 kg).  

    Case Questions and Answers 

     1.    What are CTs’ estimated calorie and protein needs for CAPD? Using the simple formula for esti-
mating glucose, how many calories is CT getting from his dialysate? 

 Answer: CT has no edema so using 35 kcal/kg of his current body weight puts estimated kcal 
needs at 2,894 kcal. Based on 1.3 g/kg body weight, his protein needs are 107.5 g. Based on a 60 % 
absorption rate for CAPD, CT receives approximately 357 kcal from his dialysate.    

    2.    What are the diet recommendations for CT for CAPD based on his weight and initial labs? 
 Answer: The recommended diet is 107 g protein, 3 g sodium (since he has no overt cardiac issues 

or problems with fl uid retention), 3–4 g potassium, 1,070–1,284 mg phosphorus (using 10–12 mg/g 
protein). Fluid intake should be kept to 2,000–2,500 mL (urine output plus 1,000 mL) and adjusted 
based on UF. Based on CT’s initial intake of 1,800–2,000 kcal and 70–80 g protein and allowing for 
the 357 kcal absorbed from dialysate, he will have to add a minimum 500–700 kcal and 27–37 g of 
protein to his diet. Sodium and potassium intake is acceptable but he will need to decrease his intake 
of dairy foods to bring the phosphorus content of the diet within guidelines.    

    3.    Are CTs’ medications at the start of CAPD appropriate? Any recommendations for changes? 
 Answer: The prenatal vitamin should be changed to a renal B- and C-complex with folic acid. 

His corrected calcium = 9.5 and to avoid any elevation in calcium his Tums should be discontin-
ued and another calcium-free medication prescribed for his indigestion. He is currently on a 
small dose of phosphorus binders (sevelamer) and with the increased protein in the diet and 
elevated phosphorus, an increase in binders will be needed. Sevelamer (Renvela) was increased 
to 1,600 mg at each meal and patient was also instructed to take 800 mg with snacks which he 
had not been doing.    
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    4.    At 3 months what diet and or medication changes are indicated for CT? 
 Answer: At 3 months CT presents with a low potassium, low phosphorus, declining albumin and 

BUN secondary to poor oral intake due to dysphagia. His binders should be decreased by one- third 
and potassium intake liberalized along with being given an oral potassium supplement until his labs 
indicate normal levels and oral intake has improved. It should be suggested that he use a liquid nutri-
tional calorie and protein supplement until after his dilation since his oral intake is limited.    

    5.    When CT changes his treatment modality to HD, what dietary modifi cations are necessary based 
on weight and laboratory data? 

 Answer: Due to edema, his dry weight should be used to calculate his protein needs at 1.2 g/kg 
body weight. His protein needs will now change to 99 g. Because of edema his sodium intake should 
be decreased to 2–2.5 g. His potassium supplement should be stopped and dietary potassium limited 
to 2–2.5 g/day. His phosphorus is elevated so his binders should be increased to at least 1,600 mg 
with each meal and 800 mg with snacks and a dietary phosphorus restriction restarted. Corrected 
calcium is high so his dialysate Ca bath should be lowered. Fluid restriction should be limited to 
1,500 mL or less (urine output plus 1,000 mL) and interdialytic weight gains monitored. His albu-
min level should be monitored for changes with improved appetite and loss of edema.    

       Acknowledgment   Although Dr. Graeme Mendel did not contribute to the chapter in this edition, his previous contribu-
tion is invaluable and has been left largely intact.  
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 Key Points 

•     Apply the nutrition care process (NCP) in the management of individuals before and after kidney 
transplantation. This includes:

    1.    Nutrition input during the process of pre-kidney transplant evaluation.   
   2.    Nutrition management of patients in the acute post-kidney transplant period (fi rst 8 weeks) to 

support postsurgical needs and to intervene as needed when immunosuppression is adjusted.   
   3.    Nutrition care for the long-term post-kidney transplant individual, including management 

of side effects related to medications used for immunosuppression.      

•   Review in detail the nutrition-related side effects of immunosuppression post-kidney transplant.    

         Introduction 

 Kidney transplantation has become a viable option for patients with chronic kidney disease (CKD). 
After several years of declining numbers of transplanted kidneys, there was a slight increase in 2010, 
with 10,977 deceased donor transplants and 5987 living donor transplants. At the end of 2010, there 
were 75,807 individuals on the United Network for Organ Sharing (UNOS) waiting list [ 1 ]. Insuffi cient 
organ donation accounts for the discrepancy between the number of recipients and candidates. 
Advances in surgical technique and immunosuppressive agents have led to signifi cant improvements 
in morbidity and mortality. 

 Adequate nutrition is essential for the well-being of kidney transplant patients. To minimize nutri-
tion depletion and optimize nutritional status, a complete and thorough nutrition evaluation by an 
Registered dietitian (RD) (registered dietitian) should be performed following the steps of the NCP: 
assessment, diagnosis, intervention, and monitoring, and evaluation [ 2 ]. The evaluation should 
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integrate the patient’s complex medical condition related to CKD and the impact of ongoing  therapeutic 
interventions on the patient’s nutritional status. Providing adequate nutrition and reducing the long-
term side effects are essential for graft survival in kidney transplant recipients. 

 There are three treatment phases to consider when providing care to kidney transplant recipients 
[ 3 ]. In the pre-transplant phase, the goal is to identify and treat nutrition problems before transplant, 
thus optimizing. Clinicians should recognize that some nutrition issues may only be improved after 
transplant. Nevertheless, the pre-transplant nutrition evaluation provides the opportunity to prescribe 
nutrition interventions and to complete nutrition education that will assist the patient in establishing 
pre-transplant and post-transplant nutrition goals [ 3 ,  4 ]. 

 In the acute post-transplant phase (up to 8 weeks after transplantation), the goal is to support the 
increased metabolic demands of the postoperative period, including high-dose immunosuppressive 
therapy. During the chronic post-transplant phase, the goal is to manage long-term complications 
related to immunosuppressive therapy, especially in individuals genetically predisposed to diabetes 
and cardiovascular disease [ 3 ,  4 ]. 

 At any phase of the transplant continuum, the RD’s evaluation should cover the fi ve domains of 
nutrition assessment described in the NCP [ 2 ]. These are:

    1.    Food/nutrition-related history (food intake; use of medications, herbs, other supplements; physical 
activity; and nutrition quality of life)   

   2.    Anthropometric measurements (height, weight, weight history, and other measurements)   
   3.    Biochemical data, medical tests, and procedures (laboratory data including urine tests and urine 

volume, pertinent studies of gastrointestinal function, kidney biopsy, and others)   
   4.    Nutrition-focused physical fi ndings, such as edema and muscle and/or fat wasting   
   5.    Client history (personal data, family history, previous treatment, social history)    

  Within this framework provided by the NCP, the RD can assess the nutritional needs and develop 
a nutrition diagnosis and a full care plan for each patient (refer to Chaps.   3    –  6    ).  

    The Pre-transplant Phase 

 A complete evaluation of the patient by the RD is imperative to identify one or more nutrition diag-
noses, plan a nutrition prescription and interventions, and to establish parameters for monitoring and 
evaluation [ 2 ]. This will serve to optimize nutritional status, identify defi cits, and, when possible, to 
correct these defi cits before kidney transplant surgery. It is important to remember that the candidates 
for kidney transplantation have been subjected to the effects of a chronic disease and that not all defi -
ciencies identifi ed can be corrected without organ replacement. 

 The pre-transplant evaluation also provides an opportunity to create early awareness of issues 
that are signifi cant in the post-transplant period. These topics include nutrition-related side effects 
of immunosuppression. Post-transplant adjustments in bone metabolism require close monitoring of 
phosphorus in the early weeks after transplant and assessment of bone mineral density in the immediate 
and long-term period after kidney transplantation has implications for nutrition management [ 5 ]   . 
In addition, nutrition intervention is important in managing alterations in the lipid profi le post-kidney 
transplant [ 6 ]. 

 The effect of obesity at the time of transplant on kidney transplant outcomes continues to be con-
troversial, but there is increasing evidence that obesity is an independent risk factor for CKD and its 
progression ([ 7 ]; also refer to Chap.   10    ). Increased incidence of obesity in the general population, and 
in the end-stage renal disease (ESRD) population in particular, means that more obese dialysis patients 
are presenting for evaluation for kidney transplantation. 
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 The issue is complicated by research which demonstrates a concept that has come to be called 
“reverse epidemiology.” This term describes the observed decrease in morbidity and mortality in 
maintenance hemodialysis patients at higher body mass index (BMI) [ 8 ]. While the concept itself has 
shown some limitations, it has spurred productive debates about the role of obesity in CKD 
outcomes. 

 The pathology of obesity in kidney disease includes anatomical and hemodynamic alterations. 
Even after adjustments for diabetes and hypertension, there is a relationship between obesity and 
increased incidence of CKD [ 9 ]. In the post-transplant patient, obesity has been linked to increased 
risk for delayed graft function (DGF) and reduced allograft and patient survival [ 10 ]. A BMI >35 kg/
m 2  is signifi cant for greater post-transplant complications, especially new-onset diabetes after trans-
plant (NODAT), wound complications, and post-transplant weight gain [ 10 – 12 ]. 

 After kidney transplantation, weight typically increases due to improved appetite, reversal of the 
uremic state, and immunosuppressant side effects. While there are no evidence-based criteria to 
identify those at risk for weight gain post-transplant, there are characteristics that are known to 
increase the risk of NODAT, as described later in this chapter. The pre-transplant nutrition evalua-
tion as part of a kidney transplant evaluation provides an excellent opportunity to educate individu-
als regarding the risk of NODAT and strategies to reduce modifi able characteristics that are linked 
with higher risk. 

 Due to the limited availability of organs, the selection of transplant candidates who are likely to 
have a positive outcome remains an important issue. Most transplant centers have established BMI 
criteria for deceased donor transplant and living donor transplant recipients prior to transplantation. 
These criteria are based on scientifi c literature which indicates that the transplant candidate should 
have a BMI greater than 22 but less than 35 [ 11 ,  12 ]. Each transplant center will apply their unique 
experience to establish a BMI cutoff point somewhere in that broad range. 

 Unintended weight loss in individuals who are waiting for kidney transplant has been shown to be 
linked to higher mortality [ 13 ]. At the same time, the clinical value of planned weight loss in patients 
who are awaiting kidney transplant has not been clearly determined [ 14 ]. As mentioned earlier, it is 
not unusual for transplant centers to ask candidates to lose weight in compliance with the center’s 
cutoff points for BMI. Future clinical trials should evaluate if weight modifi cation can favorably 
impact outcomes in underweight and obese kidney transplant patients and if pharmacologic agents or 
surgical treatment for obesity are potential options.  

    The Acute Post-transplant Period 

    Nutritional Requirements 

 The nutrition recommendations for adult kidney transplant recipients are shown in Table  12.1 . Nutrient 
requirements are generally greater during the acute post-transplant phase due to increased metabolic 
demands from surgery and high-dose immunosuppressive therapy.

      Protein 

 Increased nitrogen losses in the immediate postoperative period may be due to surgical stress, admin-
istration of large doses of corticosteroids, muscle catabolism, and preexisting malnutrition [ 15 ]. 
During the immediate post-transplant period, daily protein recommendations for patients with 
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   Table 12.1    Nutrient recommendations for adult kidney transplantation during acute and chronic post-transplant phases   

 Nutrient  Acute phase 
 Chronic post- 
transplant phase  Comments 

 Protein  1.3–2.0 g/kg dry body 
weight or adjusted body 
weight [ 3 ] 

  Without DM : 
0.6–0.8 g/kg body 
weight 

 Protein catabolic rate is increased due to 
surgical stress and high-dose 
corticosteroids 

  With DM : 0.8–0.9 g/
kg body weight 
[ 32 ] 

 Adequate amounts of protein are required 
for wound healing and to prevent 
infection 

 Additional losses are possible due to 
surgical drains, wounds, and indication 
for dialysis 

 Calories  130–150 % of calculated 
basal energy expendi-
ture (BEE) [ 3 ] 

 23–35 kcal/kg body 
weight [ 32 ] 

 The upper range of calories is recommended 
for underweight patients; the lower range 
is recommended for overweight patients 

 30–35 kcal/kg dry body 
weight or adjusted body 
weight [ 3 ] 

 Achieve and maintain 
a healthy body 
weight 

 Caloric needs may further increase in the 
presence of fever, infections, surgical 
stress, and high-dose corticosteroid 
therapy 

 Carbohydrate  50–70 % of nonprotein 
calories [ 3 ] 

 45–50 % total 
calories 

 Serum glucose levels may be increased 
because of medications (corticosteroids, 
cyclosporine, tacrolimus), metabolic 
stress, or infection 

 Emphasize complex 
carbohydrates [ 3 ] 

 Treat hyperglycemia with insulin dosed on a 
sliding scale; add other hyperglycemic 
agents as needed 

 Initiate CHO-controlled diet 
 Fat  30–50 % of nonprotein 

calories 
 <30 % total calories  Dyslipidemia is of considerable concern but 

is not aggressively treated until the 
chronic post-transplant period  10 % saturated fat [ 16 ]  7–10 % saturated fat 

[ 3 ] 
 Sodium  2–4 g/day  2.4 g/day [ 32 ]  Sodium should only be restricted in the 

acute postoperative period in the 
presence of poor allograft function or 
post-transplant HTN 

 Unrestricted if HTN/edema 
absent [ 3 ] 

 Or 1.5 g/day [ 59 ] 

 Fluid  Individualize  Individualize [ 3 ]  Fluids should only be restricted in the acute 
postoperative period in the presence of 
poor allograft function or post-transplant 
HTN 

 May need to be limited if 
patient requires dialysis 
or if edema is present 
[ 3 ] 

 Potassium  2–4 g/day [ 3 ]  Individualize [ 3 ]  Serum levels may increase with administra-
tion of tacrolimus, cyclosporine, or 
potassium-sparing diuretics; renal 
insuffi ciency; or metabolic acidosis 

 Serum levels may decrease with administra-
tion of potassium-wasting diuretics or 
amphotericin 

 Phosphorus  Individualize [ 3 ]  Individualize [ 3 ]  Serum levels may increase with renal 
insuffi ciency 

 Serum levels may decrease with administra-
tion of corticosteroids 

 Magnesium  Individualize [ 3 ]  Individualize [ 3 ]  Serum levels may increase with renal 
insuffi ciency 

 Serum levels may decrease with administra-
tion of cyclosporine, tacrolimus, 
diuretics, diarrhea 
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functioning grafts or those requiring temporary dialytic support are estimated at 1.3–2.0 g/kg of dry 
body weight or adjusted weight [ 3 ].  

    Energy 

 Energy requirements during the post-transplant recovery phase are higher than long-term needs. They 
may be increased due to fever, infection, surgical stress, or high-dose corticosteroid therapy. Caloric 
requirements can be estimated as between 30 and 35 kcal/kg dry body weight or weight adjusted for 
obesity [ 3 ]. This recommendation seems adequate for maintaining or achieving neutral nitrogen bal-
ance. Estimated energy needs can also be calculated using the Harris–Benedict equation to  determine 
basal energy requirements, multiplied by a stress factor of 1.3–1.5 [ 3 ].  

    Carbohydrate 

 Glucose intolerance, which may present before and after transplantation, will be discussed in detail 
later in this chapter as a long-term post-transplant nutrition concern. Evidence-based guidelines have 
offered recommendations for energy and protein intake, but not specifi cally for carbohydrate intake. 
It has been recommended that complex carbohydrates may provide 50–70 % of the nonprotein energy 
intake in the immediate post-transplant period, with special attention to further modifi cation for glu-
cose tolerance [ 16 ].  

    Fat 

 During the acute postoperative period, diet modifi cation for fat is not warranted. The amount of fat is 
only limited by the appropriate energy level and often provides up to 30 % of the total energy, with 
intake of saturated fat limited to 10 % of energy [ 17 ]. Dyslipidemia is usually addressed during the 
chronic post-transplant period and will be discussed with other topics of that time period later in this 
chapter. Nutrition education in the acute period should introduce the importance of a “heart-healthy” 
lifestyle.  

    Sodium 

 Sodium intake should be limited in the acute postoperative phase in the presence of poor allograft 
function or post-transplant hypertension. Some immunosuppressive medications can cause the 
development of hypertension and fl uid retention, which may necessitate a sodium restriction of 
2–4 g/day [ 16 ].  

    Potassium 

 After a successful kidney transplant, serum potassium will normalize, eliminating the need for dietary 
potassium restriction [ 16 ]. However, in cases of DGF it may be necessary to limit dietary potassium [ 3 ,  16 ]. 
Serum potassium should be closely monitored, with dietary potassium starting at 2 g/day and titrating 
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upward as renal clearance improves. In addition to initial poor graft function, medications such as 
potassium-sparing diuretics and calcineurin inhibitors (CNIs) (for example, tacrolimus) may contribute 
to hyperkalemia in the acute postoperative patient [ 16 ]. Hypokalemia may also occur in kidney trans-
plant recipients due to potassium-wasting diuretics.  

    Vitamins, Minerals, and Trace Elements 

 Vitamin and mineral supplementation in the acute post-transplant phase should be individualized, 
depending on preexisting medical conditions and dietary intake. Information about the effect of kid-
ney transplantation on trace elements is scarce, as evidenced by a recent review of vitamin require-
ments for patients with CKD in which the authors describe the lack of literature in this area ([ 18 ]; also 
refer to Chap.   24    ). In general, medical nutrition therapy (MNT) in short- and long-term post-trans-
plant individuals should include recommendations for vitamins and minerals that comply with Dietary 
Reference Intake (DRI) guidelines [ 19 ]. 

 Hypomagnesemia is seen in the early post-transplant period due to altered magnesium losses in 
patients on CNIs such as cyclosporine (CsA) and tacrolimus; and serum levels should be monitored 
regularly with oral magnesium supplementation as indicated [ 3 ].  

    Herbals 

 Use of herbal products and botanicals in the United States is believed to have increased by 25 % in the 
1990s, reaching as much as 10 % of the population [ 20 ]. Some herbal preparations like ginseng are 
promoted to enhance the immune system, which theoretically may increase the risk of organ rejection. 
Others, like St. John’s wort, can cause drug–drug interactions, requiring higher doses of immunosup-
pression to maintain trough levels [ 21 ]. Due to evidence of nephrotoxicity and due to well-recognized 
poor control of quality and quantity of ingredients in herbal products in the United States, they are 
contraindicated in the transplant population ([ 20 ]; also refer to Chap.   23    ).    

    Common Problems Post-transplant in the Acute Care Setting 

    Inadequate Intake 

 Successful kidney transplantation corrects the anorexia and uremia which are typically observed in 
the patient with CKD. Kidney transplant recipients normally consume an oral diet. There are a few 
patients whose postsurgical experience may be complicated by slow return of the appetite or by 
altered gastrointestinal function, such as a post-operative ileus or diabetic gastroparesis. In these 
cases, nutrition intervention to facilitate surgical recovery is the priority and may include nutritional 
supplementation and/or nutrition support such as enteral nutrition (tube feeding) or parenteral nutri-
tion [ 16 ]. 

 If a patient is unable to meet his/her metabolic demands orally and has a functional gastrointestinal 
(GI) tract, standard high-nitrogen tube feedings should be initiated. Nutrient-dense enteral formulas 
may be indicated in the event of poor allograft function with volume overload. If parenteral nutrition 
(PN) is required, the formula should be tailored to consider allograft function, urine output, electro-
lytes, and type of renal replacement therapy (RRT) (refer to Chap.   14    ).  
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    Hyperglycemia 

 Glucose intolerance is common before and after transplantation. NODAT is often referred to as post- 
transplant diabetes mellitus (PTDM), but the term NODAT is preferred in keeping with the consensus 
guidelines of 2003 [ 23 ]   . The prevalence of diabetes mellitus (DM) is greater among patients with 
solid organ transplants than in the general population. Insulin resistance is a side effect of corticoste-
roids and CNIs which are used for immunosuppression [ 22 ]. 

 Prior personal history of glucose intolerance, as well as a family history of DM, predisposes a 
patient to NODAT. Other risk factors include black or Hispanic ethnicity, obesity, age, history of 
metabolic syndrome, and hepatitis C virus infection [ 23 ]. Hyperglycemia may improve as high post-
operative corticosteroid doses are tapered to maintenance levels. However NODAT treatment may 
require exogenous insulin or oral hypoglycemic agents, as well as a carbohydrate-controlled diet, 
especially in early post-transplant weeks [ 22 ].  

    Gastrointestinal Issues 

 There is an increased incidence of GI complications in kidney transplant recipients due to infec-
tions, mucosal injury, and ulceration, which can manifest anywhere in the GI tract from the mouth 
to the anus. Oral lesions may be caused by viral and fungal infections or can be a side effect from 
CsA or sirolimus. The most common esophageal disorder is fungal esophagitis, which is caused by 
Candida [ 24 ]. Transplant programs typically prescribe prophylactic antifungal agents to prevent 
fungal infections. 

 Other gastroduodenal disorders are caused by cytomegalovirus (CMV) and herpes simplex infec-
tion. Prophylactic antibiotic treatment is recommended when there is a risk of post-transplant CMV 
infection; herpes simplex infection in the GI tract must be treated with appropriate antibiotic therapy 
[ 25 ,  26 ]. Bacterial infections of the GI tract are also seen in the transplant recipient and include 
 Clostridium diffi cile  colitis. Symptoms include diarrhea and abdominal tenderness and usually 
respond to appropriate medical treatment [ 27 ]. Diarrhea is a frequent disorder, which may be caused 
by pathogen microorganisms or by immunosuppressive agents. When medications are a causal factor, 
the dose or frequency may be reduced [ 28 ]. 

 The incidence of upper GI ulcers after kidney transplant is particularly low; more ulcers are 
seen in the gastric and duodenal regions. Contributing factors include the stress of surgery, non-
steroidal anti-infl ammatory drugs (NSAIDs), corticosteroids, or immunosuppression [ 28 ]. One 
study documented a 70 % incidence of  Helicobacter pylori  and a 65 % incidence of gastritis [ 29 ]. 
The prophylactic use of histamine-2 receptor histamine blockers is common in kidney transplant 
centers.  

    Mineral and Bone Disorders 

 Abnormalities of serum phosphorus levels occur even with stable, functioning allografts. 
Hypophosphatemia and hypercalcemia can occur when the glomerular fi ltration rate (GFR) normal-
izes in transplant recipients with preexisting hyperparathyroidism [ 25 ,  26 ,  30 ]. In the early weeks 
after a kidney transplant, serum calcium and phosphorus should be regularly monitored [ 25 ,  26 ]. 

 Other causes of hypophosphatemia include the continued use of phosphate binders or calcium 
supplements with meals or an inadequate phosphorus intake [ 3 ]. If phosphorus levels remain 
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suboptimal after correcting for obvious causes, intravenous or oral supplementation may be indicated 
in the acute care setting. Some phosphorus supplements such as Neutra-Phos-K contain appreciable 
amounts of potassium and require close monitoring of serum potassium levels [ 3 ]. With a functioning 
kidney transplant, oral supplementation of phosphorus may be required to normalize serum levels 
until dietary intake improves and a new post-transplant equilibrium is achieved.  

    Hyperkalemia 

 Hyperkalemia can develop when there is poor graft function. It may also occur secondary to CNI 
therapy, other medication side effects, or cell lysis related to the catabolic effect of both surgery and 
corticosteroid therapy. Nutrition interventions should include the control of potassium intake and the 
provision of adequate calories and protein to minimize catabolism [ 31 ]. It is noteworthy that an 
increased dietary phosphorus intake, which may be prescribed to treat acute post-transplant hypo-
phosphatemia, can also contribute to hyperkalemia since many dietary sources for phosphorus are 
also high in potassium.   

    The Chronic Post-transplant Phase 

 The nutrition goals of the chronic post-transplant phase are to provide adequate nutrition, prevent 
infection, and manage long-term nutritional complications. During the chronic post-transplant 
phase, overnutrition may lead to transplant complications, including obesity, dyslipidemias, 
NODAT, and hypertension [ 3 ]. Providing adequate nutrition, supporting acceptable glucose 
control, and reducing long-term side effects are essential for allograft survival among kidney 
transplant recipients [ 16 ]. 

    Nutritional Requirements 

 Kidney transplant recipients without complicating factors can enjoy a nutrition regimen defi ned by 
the same guidelines suggested for the healthy population, addressing specifi c issues as needed [ 3 ]. 
In general, the diet should provide a moderate sodium intake, based on the patient’s blood pressure 
and presence of edema. Sodium intake can range from 2 to 4 g. The Evidence-Based Nutrition Practice 
Guidelines (EBNPG) from the Evidence Analysis Library of the Academy of Nutrition and Dietetics 
recommend a sodium intake of 2.4 g sodium per day post-kidney transplant. This should be adjusted 
with consideration of other aspects of the patient’s history, including blood pressure, hydration, acid–
base balance, and glycemic control [ 32 ]. 

 Recommendations for fat intake suggest that it should provide less than 30 % of total calories [ 3 ]. 
A later section in this chapter on long-term challenges will include more detailed recommendations 
for treating post-transplant dyslipidemias. 

 A protein intake between 0.8 and 1.0 g/kg of dry body weight or adjusted body weight (ABW)/day 
is recommended [ 32 ]. The EBNPGs also suggest an energy intake of 23–35 kcal/kg/day. Within this 
broad range, the dietitian will consider the individual’s weight status and goals, age and gender, the 
reported level of physical activity, and the effect of metabolic stressors [ 32 ]. 
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    Calcium and Phosphorus 

 The continuing effects of preexisting secondary hyperparathyroidism after kidney transplantation 
have been described in the literature [ 33 ]. This sets the stage for hypercalcemia when the functioning 
transplanted kidney provides normal reabsorption of calcium [ 25 ,  26 ]. At the same time, corticoste-
roids decrease the intestinal absorption of elemental calcium by approximately 42 % while they also 
increase calcium excretion in the urine [ 34 ]. Some transplant centers individualize calcium and vita-
min D supplementation to maintain bone mineral metabolism.  

    Vitamins and Other Minerals 

 Typically, vitamin supplementation is not required after kidney transplantation if the recipient regu-
larly consumes a balanced and adequate diet. However, some transplant programs recommend a gen-
eral multivitamin with supplemental minerals.    

    Pharmacology Update 

 Advances in immunosuppressive therapies have greatly improved the success of kidney trans-
plantation. Immunosuppression is used to prevent rejection and maintain long-term graft sur-
vival. The typical immunosuppressive regimen consists of a CNI, such as CsA or tacrolimus; an 
antiproliferative agent (azathioprine or mycophenolate mofetil—MMF); and a corticosteroid 
(prednisone). In multidrug therapy, each drug mediates the immunocompetence cascade at a 
different point. The mechanism of immunosuppression is to inhibit the adaptive immune 
response while allowing nonspecific immune functions to remain intact [ 25 ,  26 ]. Immuno-
suppressive agents also have non-immunologic side effects, many of which must be considered 
in nutrition care. Multidrug regimens allow lower doses of individual agents to minimize side 
effects. Immunosuppressive therapy is continually evolving, with standard regimens monitored 
by the kidney transplant team at regularly scheduled intervals. Of course, novel regimens are 
investigated in ongoing research. Table  12.2  summarizes immunosuppressant medications most 
commonly seen in transplant centers in the United States at this time. Major agents are also 
discussed below.

      Cyclosporine A or CsA (Sandimmune/Neoral) 

 CsA (Neoral, Novartis Pharmaceuticals, East Hanover, NJ; Sandimmune, Novartis Pharmaceuticals; 
Gengraf, Abbott, Abbott Park, IL) is described as a fi rst-generation CNI. Introduced in the early 
1980s, it led to signifi cant reductions in chronic rejection and became the gold standard for mainte-
nance immunosuppression [ 35 ]. CsA selectively inhibits adaptive immune responses but has several 
side effects, which may include gingival hyperplasia, GI disturbances, hyperglycemia, hyperkalemia, 
hypophosphatemia, hypomagnesemia, hepatotoxicity, and nephrotoxicity. This drug is absorbed in 
the upper small intestine and can be affected by food, drug–drug interactions, bile fl ow, and the lipo-
protein and hematocrit status [ 36 ]. In order to assure effi cacy and to minimize the nephrotoxic side 
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   Table 12.2    Nutritional side effects of immunosuppressive medications   

 Medication/category  Complication  Suggested interventions 

 ATGAM, thymoglobulin a /
antilymphocyte globulin 

 Fever and chills  Provide nutrient-dense foods 
 Increased risk of infection, profound 

leucopenia, thrombocytopenia 
 Ensure patient is receiving adequate 

protein 
 Azathioprine (Imuran) b /

antiproliferative 
 Nausea/vomiting  Try antiemetic medications if 

vomiting does not subside 
 Diarrhea  Review medications and substitute for 

potential medications that may be 
causing diarrhea, make sure 
patient is receiving adequate fl uid 
to replace losses 

 Mucositis  Provide foods that will not irritate the 
throat 

 Macrocytic anemia  Make sure patient is receiving 
adequate folate intake 

 Pancreatitis  Initiate parenteral nutrition if 
pancreatitis is severe 

 Basiliximab (Simulect) c /monoclo-
nal antibody 

 None reported 

 Prednisone d , prednisolone d , 
methylprednisolone d /
corticosteroids 

 Hyperglycemia  Monitor blood sugar and need for 
hypoglycemia agents and 
CHO-controlled diet 

 Sodium retention  Limit high-sodium foods 
 Ulcers  Ensure adequate intake of calcium, 

vitamin D, vitamin A, C, and zinc  Osteoporosis 
 Hyperphagia 
 Impaired wound healing and 

increased risk of infection 
 Behavior modifi cation to prevent 

overeating 
 Hypertension 
 Pancreatitis (rare) 

 Cyclosporine (Neoral, 
Sandimmune c ; Gengraf e )/
calcineurin inhibitors (CNIs) 

 Hyperkalemia  Restrict high-potassium foods 
 Hypomagnesemia  Limit high-sodium foods 
 Hypertension  Monitor blood sugar and need for 

hypoglycemic agents and 
CHO-controlled diet 

 Hyperglycemia  Limit fat to <30 % of total calories 
during the long-term phase  Dyslipidemia 

 Gingival hyperplasia 
 GI disturbances 
 Hypophosphatemia 
 Hepatotoxicity 
 Nephrotoxicity 

 Muromonab-CD3 (Orthoclone 
OKT3) g /monoclonal antibody 

 Nausea, vomiting  Try antiemetic medications 
 Diarrhea  Review medications and substitute for 

those that may cause diarrhea; 
make sure the patient receives 
adequate fl uid to replace losses 

 Anorexia  Offer frequent meals of nutrient-dense 
foods  Fever, chills, myalgias 

(continued)
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 Medication/category  Complication  Suggested interventions 

 Mycophenolate mofetil (CellCept) f /
antiproliferative 

 Diarrhea  Review medications and substitute for 
those that may cause diarrhea; 
make sure the patient receives 
adequate fl uid to replace losses 

 Nausea 
 Vomiting 

 Sirolimus (Rapamycin) h /macrolide 
antibiotic 

 Hyperlipidemia  Limit fat intake <30 % of calories as 
fat during long-term phase, 
maintain a healthy weight 

 GI disorders (constipation, diarrhea, 
nausea, vomiting, dyspepsia) 

 Monitor for adequate nutrient intake 

 Hypokalemia 
 Increased liver function tests 
 Delayed wound healing 

 Tacrolimus (Prograf) i /calcineurin 
inhibitor ( CNI ) 

 Nausea, vomiting  Try antiemetic medications 
 Hyperkalemia  Limit high-potassium foods 
 Hyperglycemia  Monitor blood sugar and need for 

hypoglycemia agents and 
CHO-controlled diet 

 Abdominal distress  Monitor oral intake; consider alternate 
methods of nutrition support if 
intake suboptimal 

 Diarrhea 
 Constipation 
 Hypophosphatemia 
 Hypomagnesemia 

   a Genzyme, Cambridge, MA; Pfi zer, Inc., New York, NY 
  b Faro Pharmaceuticals, San Diego, CA 
  c Novartis Pharmaceuticals, St. Louis, MO 
  d Multiple providers of generic equivalents 
  e Abbott, Abbott Park, IL 
  f Roche, Nutley, NJ 
  g Ortho Biotech, Bridgewater, NJ 
  h Wyeth Pharmaceuticals, Philadelphia, PA 
  i Astellas Pharma US, Deerfi eld, IL  

Table 12.2 (continued)

effects, CsA levels and kidney function are closely monitored [ 38 ]. Neoral is a microemulsion prepa-
ration of CsA and has better absorption because it is not dependent on bile. There are usually fewer 
side effects with Neoral.  

    Tacrolimus (Prograf/FK506) 

 Tacrolimus (Prograf; Astellas Pharma US, Deerfi eld, IL) is a second-generation CNI. Whereas both 
tacrolimus and CsA inhibit interleukin-2 (IL-2) synthesis and release, each displays a different mech-
anism at the cellular level. The ingestion of food with tacrolimus affects the rate and extent of the 
absorption of the drug. Compared to CsA, tacrolimus seems to have lower nephrotoxicity and is 
linked with lower frequency of steroid-resistant rejection. However, its side effects include insulin 
resistance, tremor, and headache, as well as GI distress including anorexia, nausea, vomiting, and 
diarrhea or constipation [ 37 ].  
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    Mycophenolate Mofetil or MMF (CellCept/RS-61443) 

 MMF (CellCept; Roche Laboratories, Nutley, NJ) is mainly used as an adjunctive agent in multi- 
therapy protocols with a CNI and corticosteroids. The primary effect on the immune system is to 
inhibit T cell proliferation and it has the advantage of being nontoxic to the kidney [ 25 ,  26 ]. There are 
several side effects of this drug, but the most common are leukopenia and GI distress with diarrhea, 
nausea, or vomiting [ 38 ].  

    Sirolimus (Rapamycin/Rapamune) 

 Sirolimus (Rapamune; Pfi zer, Inc., New York, NY) is a macrolide antibiotic that is structurally similar 
to tacrolimus and likewise inhibits the T cell activation, though by a different mechanism [ 38 ]. It can 
be used to replace a CNI, as it is known to cause less kidney damage. Potential side effects include 
dyslipidemias (hypertriglyceridemia and hypercholesterolemia), mouth ulcers, delayed wound heal-
ing, and pneumonitis [ 25 ,  26 ,  38 ]. There is evidence that sirolimus, among other immunosuppressive 
agents, carries the highest risk of altered lipid profi les [ 39 ].  

    Azathioprine (Imuran) 

 Azathioprine (Imuran; GSK, Brentford, UK) is a nonspecifi c immunosuppressant whose mode of 
action is to inhibit the proliferation of immunocompetent cells. Thus it is known as an antiprolifera-
tive agent. In the pre-CsA era, azathioprine and glucocorticoids were used as dual therapy after 
kidney transplant; later CsA was added for triple therapy [ 35 ]. While it has been replaced by MMF 
in current treatment regimens, azathioprine continues to be used in patients who have done well on 
this medication with previous transplants and in patients who do not seem to tolerate MMF [ 25 ,  26 ]. 
Common side effects include diarrhea and hematologic manifestations such as anemia and leuko-
penia [ 25 ,  26 ].  

    Corticosteroids (Prednisone, Prednisolone, Methylprednisolone, 
Solu-Medrol, Solu-Cortef) 

 The most commonly prescribed corticosteroids used in transplant programs include prednisone and 
methylprednisolone, which have anti-infl ammatory properties and inhibit the production of lympho-
kines; they are available from several manufacturers as generically equivalent medications. This class 
of immunosuppressants can be administered in high doses, either orally or parenterally, for acute 
rejection; or they may be given as high-dose oral pulses, which are then tapered to maintenance levels 
or in some cases discontinued [ 40 ,  41 ]. Associated side effects are believed to be dose-dependent and, 
therefore, have declined in severity as lower doses are used in maintenance immunosuppressive ther-
apy. Patients using corticosteroids are at increased risk for hypertension, osteopenia, NODAT, and 
dyslipidemias [ 25 ,  26 ].  
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    Other Agents 

 Monoclonal antibodies, such as OKT-3 (Muromonab-CD3, Orthoclone; Ortho Biotech, Bridgewater, 
NJ), basiliximab (Simulect; Novartis Pharmaceuticals, Inc., St. Louis, MO), and alemtuzumab 
(Campath; Genzyme, Cambridge, MA) may be used either perioperatively for induction therapy or 
for acute rejection episodes. OKT-3, an anti-T cell antibody, may be used for acute cellular rejection 
particularly in cases of steroid resistance [ 25 ,  26 ]. Basiliximab is an IL-2 receptor antagonist without 
known side effects, which may be used in combination with traditional immunosuppressive therapy. 
It is used in combination therapy with CsA and corticosteroids [ 25 ,  26 ,  42 ]. Research has not yet 
supported improved outcomes with alemtuzumab, or Campath, in patients with kidney transplant and 
so it is not widely used in this population    [ 25 ,  26 ]. 

 OKT-3 can cause GI distress as well as fl u-like symptoms, and appropriate adjustments in nutri-
tional therapy should be made. OKT-3 also presents increased risk of infection and lymphoprolifera-
tive disease [ 41 ]. 

 Balanced control of the immune system with immunosuppressive therapy is the cornerstone of 
graft survival. Dietitians should provide important nutrition education to assist transplant recipients in 
preventing and controlling side effects from their immunosuppressive therapy.   

    Long-Term Care Challenges 

    Cardiovascular Disease 

 Cardiovascular disease is the leading cause of death after kidney transplantation, with an incidence 
considerably higher than that in the general population due to the high prevalence and accumulation 
of classical risk factors before and after transplantation. Additional risk may be conferred by immu-
nosuppression regimens. Approximately 70 % of kidney transplant recipients will experience serum 
lipid abnormalities during the post-transplant course [ 39 ,  43 ]. 

 The serious impact of CKD on risk for cardiovascular disease led experts to recommend that CKD 
should be considered a coronary heart disease (CHD) risk equivalent in the Adult Treatment Panel III 
(ATP III) of the National Cholesterol Education Program (NCEP) [ 43 ,  44 ]. Altered lipids in post-
kidney transplant individuals should be addressed as an integral factor in their care [ 43 ]. Contributing 
factors for dyslipidemias include immunosuppressive therapy (corticosteroids, sirolimus, and CNIs, 
especially CsA), graft dysfunction, obesity, diuretic or antihypertensive drug therapy, age, gender, 
diabetes mellitus, and proteinuria [ 39 ,  43 ]. 

 Although most risk factors are not amenable to treatment, diet and obesity are two factors that may 
be modifi ed. Therapeutic lifestyle changes should be considered as a fi rst step in MNT for obesity and 
lipid disorders [ 32 ]. It involves reducing intake of saturated fat and cholesterol, increasing physical 
activity, and maintaining a healthy weight [ 44 ]. Lipid profi les can improve with dietary intervention, 
but often patients still require lipid-lowering medications to reach target lipid levels as suggested by 
the ATP III guidelines. The HMG-CoA reductase inhibitors (statins) are prescribed for treatment of 
post-transplant hyperlipidemia in combination with therapeutic lifestyle changes that include activity 
and low-fat, low-cholesterol, higher-fi ber meal planning [ 19 ,  39 ]. 

 Hyperhomocysteinemia has been reported in kidney transplant recipients. The mechanism for 
elevated homocysteine levels in this group is unknown, but potential factors include inadequate folate 
status and renal dysfunction. Nor is it understood whether elevated serum homocysteine has a causal 
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role in dyslipidemias in transplant patients. A large double-blinded controlled study of supplemental 
folic acid and vitamins B 6  and B 12  in kidney transplant recipients demonstrated successful reduction 
of serum homocysteine but no impact on cardiovascular outcomes [ 45 ].  

    Obesity 

 The negative impact of obesity at the time of transplant on subsequent kidney transplant outcomes 
is controversial though a large analysis of United States Renal Data System (USRDS) data demon-
strated increased morbidity, including early allograft loss, in transplant recipients with higher BMI 
[ 10 ]. This is compounded by weight gain which ranges from 8 to 14 kg in the fi rst year after a 
kidney transplant [ 14 ]. Obesity presents increased surgical and clinical risks that affect transplant 
outcomes, such as delayed wound healing, increased post-transplant infections, increased NODAT, 
and a higher incidence of DGF [ 46 ]. Post-transplant obesity has been shown to have adverse effects 
on blood pressure, glucose, and lipid metabolism, thereby contributing to dyslipidemias and 
NODAT [ 23 ,  43 ]. There are multiple causes of post-transplant weight gain, as discussed in this 
chapter.    

 With today’s lower doses of maintenance corticosteroids, the contribution to post-transplant weight 
gain from that category of immunosuppressive medications has declined [ 14 ]. Other research has sug-
gested, however, that steroid avoidance regimens do produce lower weight gains after transplant [ 47 ]. 
However, there are several non-medication risk factors that continue to be recognized in post- transplant 
weight gain, including lack of physical activity, prior history of obesity, age at the time of transplant, 
gender, ethnicity, and socioeconomic status [ 14 ]. 

 Weight management is a diffi cult challenge. Lifestyle changes involving diet, behavior modifi ca-
tion, and physical activity are the cornerstone of successful weight control. In one study, the effect of 
early intensive dietary intervention on recently transplanted kidney patients showed reduced weight 
gain with intensive individualized MNT [ 48 ]. Future studies should investigate whether pre- and post- 
transplant weight reduction can favorably impact outcomes. 

 Medications may be combined with lifestyle modifi cation for weight loss after transplant. However, 
the long-term success of weight loss with pharmacologic treatment is poor, with a high rate of relapse 
when the medication is stopped [ 14 ]. In addition, some medications such as orlistat (Xenical, Roche 
Laboratories, Nutley, NJ; Alli, GSK, Brentford, UK) are not recommended due to evidence of lower 
CNI levels which result from altered fat absorption [ 49 ]. Alli is available over the counter and so clini-
cians must be diligent in educating patients about this negative side effect. 

 Few studies have evaluated the impact of exercise following kidney transplantation [ 50 ]. Physical 
activity offers signifi cant health benefi ts, including the reduction of cardiovascular risk factors, 
improvement in diabetes management and bone health, and weight management. Patients are typi-
cally cleared to resume exercise 6 weeks after transplant. A Cochrane review of 32 studies that were 
suitable for their analysis supported these fi ndings and suggested that regular exercise in patients after 
kidney transplant promotes physical fi tness with improved blood pressure and heart rate [ 51 ]. 

 Bariatric surgery has become an option for treating morbid obesity in pre- and post-transplant 
patients. The fi rst report of outcomes in a large number of patients showed BMIs that declined from 
pre-surgery levels of 47–50 kg/m2 to post-bariatric surgery levels of 32–35 kg/m2. Mortality was 
signifi cant in these patients with multiple comorbidities [ 52 ]. A review of data from the USRDS iden-
tifi ed the Roux-en-Y gastric bypass as the most common procedure and reported that weight loss was 
 comparable to that in non-CKD patients, but with a higher mortality [ 53 ]. 

 Finally, there are no high-quality clinical trials to demonstrate the positive benefi ts of weight loss 
or reduced weight gain in the peri-transplant period. Future research in this area is needed.  
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    New-Onset Diabetes After Transplantation (NODAT) 

 Since the International Consensus Guidelines appeared in 2003, NODAT has been defi ned by serum 
glucose higher than 200 mg/dL or fasting plasma glucose greater than or equal to 126 mg/dL [ 23 ]. 
Data about NODAT prior to that era are diffi cult to interpret since there was no standardized 
defi nition. 

 A review of NODAT using the USRDS database suggested an incidence of 10 % in transplanted 
individuals, though the literature has reported fi gures ranging from 3 to 20 % [ 54 ]. Nutrition manage-
ment of NODAT typically includes a carbohydrate-controlled diet, exercise, and weight management 
[ 55 ]. Hypoglycemic agents may also be prescribed and modifi able risk characteristics, such as immu-
nosuppression, may be adjusted as clinically appropriate [ 54 ].  

    Hypertension 

 Hypertension occurs in 50–85 % of kidney transplant recipients [ 56 ]. The etiology of hypertension is 
multifactorial and includes genetic predisposition, impaired renal function, uncontrolled renin secre-
tion from the native organ, surgical issues such as anastomotic stenosis, the use of CNIs, and obesity 
[ 57 ]. Poor blood pressure control after a kidney transplant, defi ned as systolic blood pressure greater 
than 140 mmHg, can accelerate the loss of allograft function and impact the survival of the transplant 
recipient [ 56 ]. Antihypertensive treatment may include sodium modifi cation, weight management, 
diuretics, and calcium channel blockers as the fi rst choice for pharmaceutical therapy [ 58 ]. While 
nephrology nutrition experts who reviewed the literature recommend 2,400 mg sodium per day post 
transplant, the Dietary Guidelines of 2010 set 1,500 mg of sodium per day as the goal for specifi ed 
subgroups, including individuals with CKD and/or with hypertension [ 32 ,  59 ].  

    Mineral and Bone Disorder 

 The extent of post-transplant mineral and bone disorder depends on several variables, including the 
degree of pre-transplant hyperparathyroidism and the level of function in the allograft kidney [ 25 , 
 26 ]. The 1,25-dihydroxy vitamin D levels can be suboptimal in transplant candidates and remain 
abnormal for at least 6 months following transplantation [ 60 ]. Long-term corticosteroid therapy 
with resultant inhibition of bone formation and the stimulation of bone resorption can also cause 
osteoporosis [ 30 ].   

    General Considerations 

    Interactions 

 Grapefruit juice and grapefruit products can affect absorption of certain medications and should not 
be consumed by patients taking calcium channel blockers, specifi c immunosuppressants, antilipid-
emics, and estrogen products. Grapefruit products inhibit the cytochrome P450 isoenzyme CYP3A4 
mechanism in the gastrointestinal tract. The pharmacokinetics of CNIs demonstrates intraindividual 
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variability when CNIs are administered with grapefruit [ 21 ]. The duration of the effect of grapefruit 
juice varies, but with repeated intake it can have a cumulative effect [ 21 ]. Patients are strongly advised 
to keep the transplant staff informed of all herbals and botanicals after a kidney transplant and to fol-
low the team’s advice regarding continued use [ 20 ]. Most transplant teams in the United States will 
advise transplant recipients to avoid herbal medications in general.  

    Food Safety 

 Foodborne infections are common and sometimes can be life-threatening, particularly to individuals 
who are immunosuppressed [ 61 ]. There are currently 250 known foodborne diseases, but information 
is limited on the incidence of infection from food sources in the immunosuppressed patient [ 62 ]. 
Transplant recipients infected with foodborne microorganisms exhibit symptoms ranging from mild 
intestinal distress to severe dehydration, which can jeopardize immunosuppression. Research has 
demonstrated that, compared to bone marrow transplant recipients, solid organ transplant recipients 
are less likely to follow food safety recommendations, including avoiding high-risk foods such as 
unpasteurized dairy products and high-risk produce [ 63 ]. Given these fi ndings and given the increased 
prevalence of foodborne outbreaks, nutrition education post-transplant should include guidelines on 
food safety. The United States Department of Agriculture has developed a booklet which addresses 
the specifi c topic of food safety for individuals who have had organ transplants [ 64 ].   

    Summary 

 The nutrition interventions associated with kidney transplantation vary according to the phase of care 
as well as the nutritional status of the transplant recipient. The RD provides nutrition assessments, 
determines a nutrition diagnosis (or several), plans and executes nutrition interventions, and provides 
ongoing monitoring and evaluation throughout the transplant process for recovery and maintenance 
of transplant function. The RD should also monitor the patient for general health issues and comor-
bidities, such as DM, obesity, and lipid disorders and provide MNT in accordance with evidence- 
based guidelines. The RD is a valued member of the transplant team and, by providing timely MNT, 
he/she can enhance the transplant recipient’s ability to prevent or minimize the nutrition-related com-
plications. The entire team should be encouraged to participate in educational activities to increase 
successful patient outcomes.  

    Case Study 

  General : B.G. is a 65-year-old black male with ESRD due to Type 2 DM (T2DM), which was diag-
nosed 25 years ago. Deceased donor kidney transplant 6 weeks ago. 

  Food and nutrition-related history :

•    His wife prepares meals, avoids added salt and high-sodium seasonings  
•   Both the patient and his wife attended DM education classes approximately 10 years ago. Uses 

glucometer which records capillary blood glucose (CBG) readings  
•   Medications:
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 –    Thiazolidinedione and sulfonylurea with sliding-scale insulin as needed pre-transplant  
 –   Atorvastatin (Lipitor) for 6 years pre-transplant  
 –   Current medications, 6 weeks post-transplant: 5 mg prednisone; 250 mg MMF bid; tacrolimus, 

1 mg bid; Os-Cal 500 Plus D tid; MVI daily; metoprolol; gabapentin; esomeprazole; potassium 
phosphate and sodium phosphate; 800 mg magnesium oxide 2×/day; insulin—glargine 20 U 
every evening and sliding-scale regular insulin based on CBGs     

•   Exercise: reduced due to neuropathy. Walks indoor track at recreation center, 30 min, 1–2×/week  
•   The church community has shown support during their more stressful situations and sometimes 

provides meals to the family    

  Anthropometrics :

•    Height: 71″ (180 cm)  
•   Weight: 111.8 kg (246 lb)  
•   BMI: 34.5, Frame: large  
•   Weight history: lost 20 lb in 6 months before transplant (as advised after transplant evaluation)    

  Biochemical data ,  medical tests ,  and procedures :

•    CBG 3×/day, before meals (recorded in glucometer)  
•   Pre-transplant hemoglobin A1c: 6.6 %     
•   6 Weeks post-transplant: non-fasting glucose 250 mg/dL; Hgb A1c 8.1 %; creatinine 1.8 mg/dL; 

blood urea nitrogen (BUN) 25 mg/dL; potassium 6.1 mg/dL; CO 2  20 mEq/L; phosphorus 2.0 mg/
dL; calcium 8.5 mg/dL; magnesium 1.8 mg/dL; albumin 3.4 g/L; cholesterol 273 mg/dL; high- 
density lipoproteins (HDL) 36 mg/dL; TG 352 mg/dL; low-density lipoproteins (LDL) 128 mg/dL; 
urinary protein negative    

  Nutrition-related physical fi ndings :

•    Obese abdomen  
•   Describes diarrhea (alternates with constipation; lately more diarrhea)  
•   No changes in hair, denies altered sense of taste and smell    

  Client history :

•    T2DM diagnosed 25 years before transplant; retinopathy, treated with laser surgery (vision ade-
quate but marginal); neuropathy  

•   Hypertension diagnosed 12 years before transplant  
•   In-center hemodialysis for 3 years prior to transplant, most recently 4 h per treatment, 3×/week  
•   Deceased donor kidney transplant 6 weeks ago, surgical incision healing well  
•   Smoker, quit 6 years ago  
•   Supportive wife works part-time in billing offi ce and helps patient with some self-care routines. 

Two adult children live out of town, have their own families     

    Case Study Questions 

     1.    What are this patient’s protein and calorie needs? 
 Answer:

    (a)    Adjusted body weight (ABW) = 97 kg.   
   (b)    Protein (1.3 g/kg ABW) = 126 g/day.   
   (c)    Calories (30 kcal/kg ABW) = 2,910 cal/day may need to modify for DM and wt loss.       
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   2.    Are there suggestions which may help his digestive concerns? 
 Answer:

    (a)    Discuss with transplant team possible adjusted doses/timing of immunosuppressive drugs (i.e., 
CellCept qid vs. bid).   

   (b)    To address long-term concerns which may be related to DM gastroenteropathy, soluble fi ber 
supplements, such as psyllium-based products, could be tried.       

   3.    What types of exercise might be appropriate for this gentleman? 
 Answer:

    (a)    Walking per ability with slow gradual increase and chair exercises with light hand weights.   
   (b)    When his incision is completely healed, perhaps water aerobics or stationary cycling will help 

with his weight management program.       

   4.    How could calcium/phosphorus balance be improved? 
 Answer:

    (a)    Avoid taking phosphorus supplement at the same time as his calcium supplement.   
   (b)    Dietary phosphorus intake could be increased, but some high-phosphorus foods are also high 

in potassium. Patient could be scheduled for bone density studies.       

   5.    What glycemic control issues could be addressed? 
 Answer:

    (a)    Educate on the timing and action of currently used types of insulin, carbohydrate in foods, and 
CHO distribution as needed. Diabetes management could be updated.   

   (b)    HgbA1c is not considered accurate since patient’s use of immunosuppressive drugs and the 
effect on blood glucose levels has been dramatic over the past 6 weeks. Reassess HgbA1c 3 
months after prednisone and Prograf doses are at maintenance levels.   

   (c)    Weight control (an issue for him in the past) may be a signifi cant issue regarding his DM 
management.       

   6.    Is patient on an appropriate MVI product? 
 Answer:

    (a)    Evaluate MVI supplement to address megadosing of any component or inclusion of an 
“immuno-enhancing” item such as ginseng (contraindicated due to his current requirements 
for immunosuppression).       

   7.    Could patient’s edema be related to diet? 
 Answer:

    (a)    Fluid retention can be affected by steroid use, edema may also be affected by dietary sodium.       

   8.    What are some factors that could be affecting patient’s serum potassium? 
 Answer:

    (a)    Elevated serum levels of Prograf (data not available in this report; check his labs at Transplant 
Clinic).   

   (b)    Neutra-Phos, containing 14 mEq/K + /tab; consider switch to K-Phos Neutral containing 
1 mEq K + /tab.   

   (c)    Provide education regarding the balance between increased need for phosphorus intake while 
he still has some hyperkalemia.   

   (d)    Avoid salt substitutes containing potassium.   
   (e)    Does MVI contain minerals? It may contribute to excessive potassium intake.       
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   9.    How would you deal with patient’s hyperlipidemia? 
 Answer:

    (a)    Participate in team discussion to encourage resuming statin medications after immunosuppres-
sive medications are at maintenance levels.   

   (b)       Review of dietary fat would and weight management.   
   (c)    Soluble fi ber and plant sterols could be introduced.             
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  Hypoalbuminemia  

         Introduction 

 Among individuals with CKD (chronic kidney disease) stage 5D, who undergo maintenance dialysis 
treatment to survive, currently one out of every fi ve people dies each year in the USA. This unaccept-
ably high mortality rate has not changed substantially in recent years despite many advances in dialysis 
techniques and patient care [ 1 ]. Maintenance dialysis patients also have a high hospitalization rate and 
a low health-related quality of life. Cardiovascular diseases (CVD) comprise the bulk of morbidity and 
mortality in dialysis patients. The dialysis-dependent CKD-5D population grows constantly and fast, 
almost surpassing over half a million in the USA, and continues to consume a disproportionately large 
component of the Medicare budget; hence, identifying factors that lead to poor dialysis outcome and 
their successful management is of outmost importance [ 1 ]. It was once believed that the traditional 
cardiovascular risk factors and/or conditions related to dialysis treatment and technique are the main 
causes of poor clinical outcome; however, randomized controlled trials have failed to show an improve-
ment of mortality by lowering serum cholesterol [ 2 ] or increasing dialysis dose [ 3 ,  4 ]. Whereas frequent 
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 Key Points 

•     To recognize the prevalence of protein-energy wasting (PEW), its potential causes, and its associa-
tion with infl ammation, anorexia, anemia, and other untoward conditions in CKD (chronic kidney 
disease) stage 5D  

•   To understand the clinical associations between markers of PEW, such as hypoalbuminemia, and 
cardiovascular disease and poor survival in dialysis patients  

•   To learn the tools and measures used to assess the PEW in CKD-5D and their limitations  
•   To recognize current and emerging treatment modaliti-es for PEW in dialysis patients    
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(such as daily in-center or nocturnal) hemodialysis may have better outcome, it is highly unlikely that 
this modality ever be offered to more than a small fraction of patients, whereas infrequent (e.g., twice 
weekly) hemodialysis is practiced more frequently in developing countries [ 5 ]. Evidence suggests that 
conditions other than the traditional cardiovascular risk factors be related to the enormous cardiovascu-
lar epidemic and high death rates in this population. Among the potential candidates for the poor clini-
cal outcomes in maintenance dialysis patients, the protein-energy wasting (PEW) continues to be at the 
top of the list [ 6 ]. Observational studies have repeatedly and consistently shown a strong association 
between measures of nutritional status and survival in maintenance dialysis patients [ 7 – 9 ].  

    Protein-Energy Wasting (PEW): Defi nition and Etiology 

 A workable defi nition of uremic malnutrition, a main component of the PEW in CKD patients, is the 
following [ 10 ]:  Malnutrition is the state of decreased body pools of protein with or without fat deple-
tion or a state of diminished functional capacity ,  which is caused at least partly by inadequate nutri-
ent intake relative to nutrient demand and / or which is improved by nutritional repletion in patients 
with CKD . The International Society of Renal Nutrition and Metabolism (ISRNM) expert panel has 
recommended the more inclusive term “protein-energy wasting” (PEW) for loss of body protein mass 
and fuel reserves, while it has also referred to “kidney disease wasting” for the occurrence of PEW in 
CKD or AKI regardless of the cause [ 6 ]. Cachexia, in its terminal form, is a severe and rare form of 
PEW. The ISRNM suggests that PEW can be diagnosed for sure if three characteristics are present 
including laboratory markers (low serum levels of albumin, transthyretin, or cholesterol), reduced 
body mass (low or reduced body or fat mass or weight loss with reduced intake of protein and energy), 
and reduced muscle mass (muscle wasting or sarcopenia, reduced mid-arm muscle circumference). 
Measures of chronic infl ammation or other developing tests can be useful clues for the existence of 
PEW but do not defi ne it [ 6 ]. The uremic malnutrition, a core component of PEW, is engendered when 
the body’s need for protein or energy fuels or both cannot be satisfi ed by the current dietary intake. 
Various studies using different criteria have been used to establish the presence of PEW in the dialysis 
population. Its reported prevalence varies between 18 and 75 % among dialysis patients according to 
the type of dialysis modality, nutritional assessment tools, and the origin of patient population [ 6 ,  11 ]. 
Although per defi nition the PEW should not involve micronutrients that are believed to be adequate 
or even abundantly retained in the setting of renal insuffi ciency, many protein-energy malnourished 
dialysis patients may also have a relative defi ciency in vitamins and trace elements [ 12 ]. 

 The etiology of PEW in dialysis patients is not clear, but some probable causes are listed in 
Table  13.1  and shown in Fig.  13.1 . Uremia, endocrine and gastrointestinal disorders, volume over-
load, and oxidative and carbonyl stress may lead to the CKD-associated malnutrition. The origin of 
PEW appears to precede dialysis treatment, because it is observed progressively as the glomerular 
fi ltration rate (GFR) falls below 60 mg/min, i.e., the CKD stage 3 and greater [ 13 ]. Diminished appe-
tite (anorexia) is a main cause of PEW and may be related to elevated circulating levels of cytokines 
or may be engendered via signaling through the central melanocortin system [ 14 ]. Dialysis patients 
with a poor appetite have higher levels of infl ammatory markers, including C-reactive protein (CRP), 
an interleukin-6 (IL-6), and several-fold increased risk of death [ 15 ]. Moreover, dietary restrictions 
imposed by nephrologists and/or dietitians to prevent hyperphosphatemia or hyperkalemia may lead 
to low protein intake and poor outcomes [ 16 ].

    Dialysis treatment and techniques may also contribute to engendering or worsening PEW. Nutrient 
loss may happen through hemodialysis membrane or via peritoneal membrane, although its contribu-
tion to PEW may not be substantial. High prevalence of comorbid conditions and metabolic disorders 
including insulin resistance and acidosis may also lead to hypercatabolism and/or wasting. A higher 
than normal resting energy expenditure is also reported in dialysis patients independent of comorbid-
ity [ 17 ] (Table  13.1 ).  
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    Table 13.1    Potential contributors of the protein- energy wasting in CKD-5 and dialysis patients   

 A. Inadequate nutrient intake 
 1. Anorexia, secondary to: 

 (a) Uremic toxicity 
 (b) Impaired gastric emptying (e.g., in diabetes mellitus) 
 (c) Infl ammation with or without comorbid conditions *  
 (d) Emotional and/or psychological disorders 

 2. Dietary restrictions 
 (a) Prescribed restrictions: low-potassium, low-phosphate regimens 
 (b) Social constraints: poverty, inadequate dietary support 
 (c) Physical incapacity: inability to acquire or prepare food or to eat 

 B. Nutrient losses during dialysis 
 1. Loss through hemodialysis membrane into hemodialysate 
 2. Adherence to hemodialysis membrane or tubing 
 3. Loss into peritoneal dialysate 

 C. Hypercatabolism due to comorbid illnesses 
 1. Cardiovascular diseases *  
 2. Diabetic complications 
 3. Infection and/or sepsis *  
 4. Other comorbid conditions *  

 D. Hypercatabolism associated with dialysis treatment 
 1. Negative protein balance 
 2. Negative energy balance 

 E. Endocrine disorders of uremia: 
 1. Resistance to insulin 
 2. Resistance to growth hormone and/or IGF-1 
 3. Increased serum level of or sensitivity to glucagons 
 4. Hyperparathyroidism 
 5. Other endocrine disorders 

 F. Acidemia with metabolic acidosis 
 G. Concurrent nutrient loss with frequent blood losses 

  * Indicates that the given factor may also be associated with infl ammation; adapted from [ 10 ] 
  IGF - 1  insulin-like growth factor 1  
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  Fig. 13.1    Schematic representation of the causes and consequences of malnutrition-infl ammation-cachexia (or 
complex) syndrome (MICS).  DM  diabetes mellitus,  CV  cardiovascular,  PE  protein-energy,  KD  kidney disease,  CRP  
C-reactive protein,  TIBC  total iron-binding capacity (also known as transferring),  BMI  body mass index       
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    Assessment of Protein-Energy Wasting 

 Methods and tools to assess PEW in CKD patients are classically divided into four major categories: 
(1) assessment of appetite and dietary intake, (2) biochemical measures, (3) body composition, and 
(4) scoring systems (Table  13.2 ). A normal appetite is essential to maintain adequate food intake and 
to avoid undernourishment. Even though a diminished appetite (anorexia) is one of the early signs of 
uremia progression in CKD and is implicated as one of the underlying etiologies of PEW in dialysis 
patients [ 18 ], its uniform assessment may not be reliable because of its inherent subjectivity. It has 
been argued that infl ammation is a cause of diminished appetite in dialysis patients [ 15 ]. If this 
hypothesis should be true, then the infl ammation may be causally linked to the PEW in CKD patients.

   A traditional nutritional evaluation is dietary assessment, because both the quality and quantity of 
the ingested nutrients can be assessed with a high degree of reproducibility [ 19 ]. However, dietary 
assessment methods including 24-h recall and 3-day food diary with interview and food frequency 
questionnaires are diffi cult to accurately implement or interpret in dialysis patients. A dialysis patient- 
specifi c food frequency questionnaire has recently been developed [ 20 ]. A more routinely used and 
readily available method is the estimation of the weight-normalized protein equivalent of total nitro-
gen appearance (nPNA), also known as the normalized protein catabolic rate (nPCR), which is derived 
from the rate of urea generation between the two subsequent hemodialysis treatment sessions. This 
urea-kinetic estimate of the protein intake is associated with survival, with the lowest mortality 

   Table 13.2    Proposed classifi cation of the assessment tools for evaluation of protein-energy 
wasting in maintenance dialysis patients   

 A. Nutritional intake 
 1. Appetite assessment 
 2. Direct: diet recalls and diaries, food frequency questionnaires 
 3. Indirect, based on urea nitrogen appearance: nPNA (nPCR) 

 B. Body composition 
 1. Weight-based measures: BMI, weight-for-height, edema-free fat-free weight 
 2. Skin and muscle anthropometry via caliper: skinfolds, extremity muscle mass 
 3. Total body elements: total body potassium, total body nitrogen 
 4. Energy-beam-based methods: DEXA, BIA, NIR 
 5. Other methods: underwater weighing 

 C. Laboratory values 
 1. Visceral proteins (negative acute phase reactants): albumin, prealbumin, transferring 
 2. Somatic proteins and nitrogen surrogates: creatinine, SUN 
 3. Lipids: cholesterol, triglycerides, other lipids and lipoproteins 
 4. Growth factors: IGF-1, leptin 
 5. Peripheral blood cell count: lymphocyte count 

 D. Scoring systems 
 1. Conventional SGA and its modifi cations (e.g., DMS [ 28 ], MIS [ 29 ], CANUSA version [ 45 ]) 
 2. Other scores: HD-PNI [ 46 ], others (e.g., Wolfson [ 47 ], Merkus [ 48 ], Merckman [ 49 ]) 

  Adapted from [ 10 ,  11 ] 
  nPNA  normalized protein nitrogen appearance,  nPCR  normalized protein catabolic rate,  BMI  body 
mass index,  DEXA  dual energy X-ray absorptiometry,  BIA  bioelectrical impedance analysis,  NIR  near- 
infrared interactance,  SGA  subjective global assessment of nutritional status,  DMS  Dialysis Malnutrition 
Score [ 28 ],  MIS  Malnutrition- Infl ammation Score [ 29 ],  CANUSA  Canada-USA study-based modifi ca-
tion of the SGA [ 45 ],  HD - PNI  hemodialysis prognostic nutritional index [ 46 ],  SUN  serum urea nitro-
gen,  IGF - 1     insulin-like growth factor 1,  CRP  C-reactive protein,  IL  interleukin (e.g., IL1 and IL6), 
 TNF - α  tumor necrosis factor alpha,  SAA  serum amyloid A  
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between 1.0 and 1.4 g/kg/day protein intake [ 21 ]. However, nPCR (nPNA) is not an accurate estimate 
of dietary protein intake if there is appreciable residual renal function (urine output) or if the patient 
is in negative or positive nitrogen balance. Hence, in hypercatabolic states such as chronic infection 
or in anabolic states such as muscle and fat buildup, nPCR (nPNA) may be inaccurate. 

 Anthropometry and body composition measures are among traditional indicators of nutritional 
status in dialysis patients. Weight-for-height and body mass index (BMI = weight/height 2 ) can be con-
veniently calculated and are also known to predict outcomes in dialysis patients. However, the reli-
ability of these measures to represent the true body composition is questionable, especially since a 
high BMI can occur with both high total body fat and very high muscle mass [ 22 ]. Caliper anthropom-
etry including mid-arm muscle mass and skinfold thickness has a less-than-perfect reproducibility 
[ 23 ]. More reliable methods such as underwater weighing and total nitrogen or potassium measure-
ments are costly and rarely if ever used in dialysis patients, although they are considered gold stan-
dards. Energy-beam methods may provide more pragmatic alternatives. Portable devices such as 
those based on the bioelectrical impedance analysis (BIA) or near-infrared interactance (NIR) tech-
nology are evaluator and patient friendly, whereas dual energy X-ray absorptiometry (DEXA) is a 
more elaborate and costly method that requires both resources and expertise [ 24 ]. 

 Serum concentrations of albumin, prealbumin (transthyretin), transferrin (total iron-binding capac-
ity or TIBC), cholesterol, urea nitrogen, and creatinine can be evaluated as markers of nutritional 
status and outcome predictors in dialysis patients. However, these laboratory values may signifi cantly 
be confounded by such non-nutrition factors as infl ammation, oxidative stress, iron stores, liver dis-
ease, or residual renal function. Serum albumin is one of the most sensitive mortality predictors in 
both HD and PD patients (Fig.  13.2 ) [ 25 ]; a fall in serum albumin concentration by as low as 0.6 g/dL 
from baseline over a 6-month interval is associated with the doubling of the death risk in hemodialysis 
patients [ 26 ].

  Fig. 13.2    Association between serum albumin levels (averaged over 3-month intervals) and subsequent 2-year death 
risk in 58,058 maintenance hemodialysis patients 2001–2003 (based on data published data [ 7 ,  11 ])       
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   In the past few years, several scoring systems have been introduced or developed to assess the 
overall nutritional aspects of CKD patients. The  Subject Global Assessment  (SGA) is probably the 
most known scoring tool, which has also been recommended by the KDOQI Nutrition guidelines for 
the periodic assessment of dialysis patients [ 27 ]. Among the limitations of the SGA are the inherently 
“subjective” characteristics of the assessment components and the semi-quantities scoring. Fully 
quantitative versions of the SGA that have been developed for dialysis patients include the  Dialysis 
Malnutrition Score  (DMS) [ 28 ] and the  Malnutrition - Infl ammation Score  (MIS) [ 29 ]. The reproduc-
ibility and objectivity of the DMS and MIS may be superior to the conventional SGA [ 27 ,  30 ].  

    Infl ammation and Kidney Disease Wasting 

 Infl ammation is defi ned as a protective response elicited by injury or destruction of tissues, which 
serves to destroy, dilute, or sequester both the injurious agent and the injured tissue [ 10 ]. This impor-
tant defense mechanism, which is inherently “acute” and should happen on an “as-needed” basis, may 
become harmful to the organism if it becomes “chronic.” Evidence suggests that dialysis patients with 
PEW are more likely to have abnormally high circulatory levels of infl ammatory markers and pro- 
infl ammatory cytokines such as CRP and IL-6, both known to be strong predictors of poor outcome 
[ 31 ]. It is not clear why chronic infl ammation occurs commonly in CKD patients but some potential 
causes have been listed in Table  13.3 .

   Infl ammatory markers are associated with anorexia in dialysis patients [ 32 ]. Chronic infl ammation 
may also lead to increased rate of protein depletion in skeletal muscle and other tissues, muscle and 
fat wasting, hypoalbuminemia, and hypercatabolism, leading to the so-called PEW or  kidney disease 
wasting . Since both the PEW and infl ammation are usually concurrent, act on the same direction on 
laboratory markers and body proteins, and are both associated with the KDW and atherosclerotic 
CVD in dialysis patients, a so-called malnutrition-infl ammation complex (or cachexia) syndrome 
(MICS) has been defi ned to underscore the close link between these two conditions (Fig.  13.1 ) [ 10 ]. 
However, there is currently no conclusive consensus with regard to the nature or direction of the asso-
ciation between the PEW and infl ammation and their pathophysiologic link to the KDW and survival 
[ 33 ]. Indeed, a low serum albumin <3.8 g/dL in hemodialysis patients is more likely with a low dietary 
protein intake (nPCR < 1.0 g/kg/day) and a high serum IL-6 level, indicative of both malnutrition and 
infl ammation [ 34 ].  

    Consequences of PEW 

 In addition to anorexia, hypoalbuminemia, and the muscle and fat wasting, PEW may have other clini-
cally important consequences in chronic dialysis patients. 

    Refractory Anemia 

 Anemia appears to be more common in those dialysis patients who also suffer from PEW and/or 
infl ammation [ 35 ]. A blunted response to  erythropoiesis-stimulating agents  (ESA) is usually associ-
ated with increased levels of pro-infl ammatory cytokines such as IL-6 [ 36 ]. An inverse association 
between such markers of nutritional state as serum prealbumin, transferrin, and total cholesterol 
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concentration and blood lymphocyte count and the required ESA dose has also been reported [ 35 ]. 
In a meta-analysis,  l -carnitine administration that is used to improve nutritional state was associated 
with improved hemoglobin and a decreased ESA dose and in anemic dialysis patients [ 37 ]. Moreover, 
anabolic steroids have also been used successfully to simultaneously improve both nutritional state 
and anemia in dialysis patients.  

    Atherosclerotic Cardiovascular Disease 

 Dialysis patients with more frequent and more impactful cardiovascular events often have hypoalbu-
minemia and elevated levels of infl ammatory markers [ 38 ]. Epidemiologic evidence suggests that 
infl ammation may be linked to CVD in malnourished or cachectic dialysis patients. Emerging data 
even in the general population imply that such indicators of infl ammation as an increased serum CRP 
level are stronger predictors of cardiovascular events than LDL hypercholesterolemia [ 39 ]. The asso-
ciation between elements of MICS and atherosclerosis has been underscored by some investigators 
who have chosen the term “malnutrition-infl ammation-atherosclerosis” (MIA) syndrome for this 
entity. Chronic infl ammation may be the  missing link  that causally ties PEW to poor outcome and high 
death rate in these individuals.  

   Table 13.3    Possible causes of infl ammation in CKD patients   

 A. Causes of infl ammation due to CKD or decreased GFR 
 1. Decreased clearance of pro- infl ammatory cytokines 
 2. Volume overload with or without concomitant endotoxinemia *  
 3. Oxidative stress (e.g., oxygen radicals) *  
 4. Carbonyl stress (e.g., pentosidine and advanced glycation end products) 
 5. Decreased levels of antioxidants (e.g., vitamin E, vitamin C, carotenoids, selenium, glutathione) *  
 6. Deteriorating protein-energy nutritional state and food intake *  

 B. Coexistence of comorbid conditions 
 1. Infl ammatory diseases with kidney involvement (e.g., SLE or HIV disease) 
 2. Increased prevalence of comorbid conditions (CVD, DM, advanced age, etc.) *  
 3. Remnant allograft from a previous solid organ transplantation *  

 C. Additional infl ammatory factors related to dialysis treatment 
 I. Hemodialysis: 

 1. Exposure to dialysis tubing 
 2. Dialysis membranes with decreased biocompatibility 
 3. Impurities in dialysis water and/or dialysate 
 4. Back fi ltration or back diffusion of contaminants 
 5. Foreign bodies (such as PTFE) in dialysis access grafts 
 6. Intravenous catheter 

 II. Peritoneal dialysis: 
 1. Episodes of overt or latent peritonitis *  
 2. PD catheter as a foreign body and its related infections 
 3. Constant exposure to PD solution 

  * Indicates that the given factor may also be associated with protein-energy wasting; adapted from [ 10 ] 
  CKD  chronic kidney disease,  ESRD  end- stage renal disease,  GFR  glomerular fi ltration rate,  SLE  sys-
temic lupus erythematosus,  HIV  human immune defi ciency virus,  CVD  cardiovascular disease,  DM  
diabetes mellitus  

13 Protein-Energy Wasting



226

    Reverse Epidemiology 

 In highly industrialized, affl uent countries,  under -nutrition is an uncommon cause of poor outcome 
in the general population, whereas  over -nutrition is associated with a greater risk of CVD and 
shortened survival. In contrast, in maintenance dialysis patients,  under -nutrition is one of the stron-
gest risk factors for adverse cardiovascular events and mortality. Similarly, certain markers which 
predict a low likelihood of cardiovascular events and an improved survival in the general popula-
tion, such as decreased body mass index (BMI) or lower serum cholesterol levels, are risk factors 
for increased cardiovascular morbidity and death in dialysis patients. Hence, obesity, hypercholes-
terolemia, and hypertension appear paradoxically or counterintuitively to be  protective  features that 
are associated with a greater survival among dialysis patients [ 10 ]. The association between  under - 
nutrition  and adverse cardiovascular outcome in dialysis patients, which stands in contrast to that 
seen in the general population, has been referred to as “reverse epidemiology” [ 40 ]. Possible causes 
of these paradoxical fi ndings include the time discrepancy between competitive risk factors, i.e., 
under- nutrition, which is the short-term killer, vs. over-nutrition, which needs much longer time to 
cause death. It is possible that new standards or goals for such traditional risk factors as body mass, 
serum cholesterol, and blood pressure be considered for dialysis patients, especially if they suffer 
more frequently from PEW.   

    Management of PEW 

 Because PEW and infl ammation are powerful predictors of death risk in dialysis patients, it is possible 
that nutritional and anti-infl ammatory interventions improve poor outcome in dialysis patients. Ample 
evidence suggests that maintaining an adequate nutritional intake in patients with a number of acute 
or chronic catabolic illnesses may improve their nutritional status irrespective of its etiology. However, 
evidence as to whether nutritional treatment may improve morbidity and mortality in dialysis patients 
is quite limited [ 11 ]. There are no large-scale, randomized prospective interventional studies that have 
examined these questions. However, secondary data analyses have indicated that a high protein intake, 
e.g., between 1.2 and 1.4 g/kg body weight per day, is associated with the best survival in dialysis 
patients [ 21 ]. According to the KDOQI guidelines on nutrition, dialysis patients can receive at least 
35 cal/kg body weight per day of energy and 1.2 g/kg body weight per day of protein [ 41 ]. 

 Table  13.4  shows selected nutritional interventions that have been tried or recommended in dialysis 
patients. Enhancing food intake by either dietary counseling or positive reinforcement may be helpful, 
especially if renal dietitians take a proactive role to this end. Many nephrologists and dietitians advo-
cate oral supplementations as an adjunct therapy. However, it is important to appreciate that simulta-
neously imposed dietary restrictions to control potassium, phosphorus, and/or calcium intake or to 
manage diabetes mellitus or dyslipidemia may interfere with or even contradict the foregoing efforts 
and lead to confusion for both patients and health-care providers.

   Tube feeding and parenteral interventions may reinforce protein and energy intake even among 
anorectic patients. A metabolic study demonstrated that intradialytic parenteral nutrition (IDPN) 
promoted a large increase in whole-body protein synthesis and a signifi cant decrease in proteolysis in 
non-infl amed but malnourished hemodialysis patients [ 42 ]. Hormonal or pharmacological interven-
tions may be associated with many side effects that mitigate the enthusiasm of using them, although 
emerging data suggests dietary supplements with anti-infl ammatory interventions [ 43 ], especially if 
associated with simultaneous appetite-stimulating properties (such as megestrol acetate [ 44 ] or pent-
oxifylline), may improve nutritional status and outcomes in dialysis patients. A number of other 
techniques have been employed or recommended for the prevention or treatment of PEW before the 
onset of dialysis therapy, maintenance of an adequate dose of dialysis, avoidance of acidemia, and 
aggressive treatment of superimposed catabolic illness.  
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    Summary 

 In CKD-5D patients who undergo maintenance dialysis treatment, PEW, with or without concurrent 
infl ammation, is undoubtedly one of the most challenging and unresolved issues of the contemporary 
medicine and nephrology. PEW and its concomitant muscle and fat wasting are very common and 
associated with infl ammation and hypoalbuminemia. Malnutrition may be a major cause of poor out-
come and high death rate in the fast-growing dialysis patient population. The impact of malnutrition 
on deteriorating the short-term survival in dialysis patients is so massive that it overwhelms and even 
reverses the conventional associations between such traditional risk cardiovascular factors as obesity 
and survival. There is currently no uniform assessment tool for the detection or accurate grading of 
the PEW in CKD patients, although emerging scoring systems appear promising. There is a paucity 
of information concerning the effect of nutritional therapy, appetite-stimulating agents, or anti- 
infl ammatory modalities on morbidity and mortality in dialysis patients. Simultaneous dietary restric-
tions to avoid hyperkalemia or hyperphosphatemia in CKD patients may handicap efforts to prevent 
or treat malnutrition in this patient population. Randomized clinical trials are needed to compare the 
effect of the nutritional support and anti-infl ammatory agents, with or without appetite-stimulating 
effects, in individuals with CKD who suffer from PEW. The most optimal nutritional intervention that 
can overcome the high death rate linked to the enormous cardiovascular epidemic and poor outcome 
in CKD patients is yet to be determined.     

  Acknowledgment   Supported by grants from the National Institute of Diabetes Digestive and Kidney Diseases of the 
National Institutes of Health (K24-DK091419 and R01-DK078106).  

   Table 13.4    Overview of nutritional/anti-infl ammatory interventions for 
dialysis patients with protein-energy wasting   

 A. Oral interventions 
 1. Increasing food intake (including meals during hemodialysis treatment) 
 2. Oral nutritional supplements 

 B. Enteral interventions 
 1. Tube feeding 

 C. Parenteral interventions 
 1. Intradialytic parenteral nutrition 
 2. Other parenteral interventions 

 D. Hormonal interventions 
 1. Androgens 
 2. Growth factors/hormones 

 E. Nonhormonal medications 
 1. Anti-infl ammatory agents (e.g., borage oil, pentoxifylline) 
 2. Antioxidants (e.g., vitamin E, acetylcysteine) 
 3. Appetite stimulators (e.g., megestrol) 
 4. Carnitine 
 5. Others (e.g., fi sh oil) 

 F. Dietary counseling 
 1. In-center supervision/counseling 
 2. In-center supervision/counseling 

 G. Dialysis treatment related 
 1. Dialysis dose and frequency 
 2. Membrane compatibility 

  Adapted from [ 11 ,  50 ]  
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    Function of the Kidneys 

 The primary function of the kidneys is to excrete end products of metabolism, regulate electrolytes 
and mineral concentrations, and maintain fl uid and electrolyte balance [ 1 ]. Other functions include 
urine production, dilution, and concentration; maintenance of blood pressure; concentration of extra-
cellular and intracellular fl uids; gluconeogenesis; maintenance of calcium phosphorus balance; and 
activation of vitamin and hormone synthesis [ 1 ]. 

 The kidney has approximately one million nephrons, each of which is composed of several func-
tional segments including the glomeruli, proximal tubules, distal tubules, loop of Henle, and collect-
ing duct which drains into the renal pelvis. The nephron clears plasma of the end products of 
metabolism (urea, creatinine, uric acid, inorganic and organic acids). Electrolytes (sodium, potas-
sium, chloride, bicarbonate), minerals (calcium, phosphorus, magnesium), and micronutrients (zinc, 
selenium) are fi ltered through the glomeruli and are reabsorbed or excreted based on needs. Small 
nutrients such as glucose, small protein, amino acids, and vitamins are fi ltered through the glomerulus 
and reabsorbed via active transport in the proximal tubule of the kidney [ 1 ].  
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 Key Points 

 This chapter will enable the reader to:

•    Identify metabolic changes that occur with acute kidney injury (AKI).  
•   List the impact of renal replacement therapy options for the patient with AKI.  
•   Evaluate nutritional requirements for the patient with AKI.  
•   Defi ne modalities used for the provision of specialized nutrition support for the patient with AKI.  
•   Identify considerations in the provision of nutrition support for the patient with AKI.    
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    Acute Kidney Injury 

 Acute kidney injury (AKI) has replaced the term acute renal failure. AKI is characterized by an abrupt 
reduction of kidney function which results in failure to maintain electrolyte, acid–base, and fl uid 
homeostasis. AKI may present with normal or abnormal urine outputs with abnormal levels being 
classifi ed according to the following urine volumes: anuria (<100 mL/day), oliguria (100–400 mL/
day), and nonoliguria (>400 mL/day) [ 2 ,  3 ]. AKI can occur as a result of multiple organ dysfunctions 
(MODS) or may be restricted to the kidney alone. Depending on the etiology, permanent damage can 
occur or if the underlying problem is corrected, the nephrons can recover. AKI can occur along with 
preexisting chronic kidney disease. Mortality is highly associated with the diagnosis [ 2 ,  4 – 7 ]. 

 Categories of AKI include prerenal, renal (intrarenal and intrinsic), and postrenal. Decreased renal 
perfusion related to volume depletion or redistribution, burns, pancreatitis, peritonitis, hypoalbumin-
emia, and decreased cardiac output or embolus are related to the onset of prerenal AKI [ 2 ]. Early 
diagnosis and improving glomerular fi ltration and blood fl ow are benefi cial in reversing prerenal AKI 
over a few days, unless the patient had underlying preexisting kidney disease or a considerable decline 
of baseline kidney function [ 8 ]. People taking numerous medications such as nonsteroidal anti- 
infl ammatory drugs (NSAIDS) or angiotensin 2 receptor blockers (ARDS), the elderly, those with 
renal insuffi ciency, and liver disease are high-risk groups [ 4 ]. Nutritional requirements and the need 
for specialized nutrition support would be based on concurrent diagnosis and patient status. 

 An obstruction of the urine fl ow related to stricture, malignancy, infl ammatory processes, vascular 
diseases, papillary necrosis, or intratubular crystals can result in postrenal AKI [ 2 ]. The goal is to cor-
rect the obstructive process and provide adequate fl uids. Nutrition intervention would be directed 
towards any other comorbid factors associated with the development of postrenal AKI. 

 Intrarenal AKI (also referred to as intrinsic AKI) is associated with renal parenchyma damage. 
Prerenal AKI can trigger the problem, but a major cause of intrarenal AKI is acute tubular necrosis 
(ATN) and damage to the renal tubules as a result of ischemia or nephrotoxins [ 2 ]. Predisposing 
factors to ATN are renal ischemia from prolonged prerenal azotemia, nephrotoxins such as radiocon-
trast and chemotherapy agents, interstitial nephritis, infections, and pigmenturia [ 2 ]. Trauma, major 
surgery, hypotension, and sepsis are also associated with ATN [ 2 ,  8 ]. 

 International experts representing intensive care and nephrology societies collaborated to establish 
the Acute Dialysis Quality Initiative (ADQI). ADQI developed a defi nition and staging system known 
as the RIFLE system, which classifi es AKI into three severity categories based on increased serum 
creatinine and urine output, R = risk, I = injury, and F = failure, and two clinical categories, L = loss and 
E = end-stage renal disease [ 9 ,  10 ]. The Acute Kidney Injury Network (AKIN) later made modifi ca-
tions to the RIFLE categories and established a three-level staging system based on serum creatinine 
and urine output [ 10 – 12 ]. More recently international guidelines by Kidney Disease: Improving 
Global Outcomes (KDIGO) unifi ed the ADQI and AKIN guidelines with the goal to establish a global 
defi nition and guidelines [ 10 – 12 ] (Tables  14.1  and  14.2 ).

    AKI generally occurs concurrently with another disease state or critical illness. Treatment for AKI 
includes elimination of the causative factor, treatment of the disease process, volume repletion in 
hypovolemic patients, use of renal replacement therapy (RRT), and maintenance of nutrition status. 

 Over the years, nutrition support was considered to have a more negative effect on the patient 
including azotemia, fl uid overload, and electrolyte disturbances. This posed challenges in providing 
adequate nutrition; therefore, nutrition intervention was often postponed so not to worsen the kidney 
failure in non-dialyzed patients and to delay the start of dialysis [ 7 ]. Given the catabolic nature of AKI 
and comorbidities, it is now recognized that nutrition supplementation should not be withheld. 
The development and utilization of RRT over the years has permitted the judicious use of nutrition 
support while limiting or removing previous concerns [ 7 ].  
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    Renal Replacement Therapy 

 RRT options in AKI include continuous or intermittent therapy. Continuous renal replacement therapy 
(CRRT) also referred to as continuous extracorporeal blood therapy (CEBT) refers to outside the 
body purifi cation therapy and is applied for 24 h per day. CRRT includes continuous venovenous 
hemodialysis (CVVHD), continuous venovenous hemofi ltration (CVVH), continuous venovenous 
hemodiafi ltration (CVVHDF), and slow continuous ultrafi ltration (SCUF) [ 8 ]. 

 Intermittent therapy or hemodialysis treatments, also an outside the body purifi cation therapy, is gener-
ally administered three times per week. Peritoneal dialysis therapy is another form of RRT which is per-
formed daily using the peritoneal cavity; however, it is not routinely used for the critically ill patient with 
AKI. All modalities used as RRT have nutrition implications requiring consideration by the clinician in 
developing a nutrition support plan. Refer to the chapter on dialysis for additional information.  

    Nutrition Management of the AKI Patient 

    Nutrition Assessment 

 It is agreed that the diagnosis of AKI creates numerous metabolic derangements that can lead to 
deterioration of an individual’s nutritional status; therefore, a referral should be made to the dietitian for 
evaluation [ 12 ]. No one tool or parameter can be used in the evaluation of the patients’ nutritional status. 

   Table 14.1    AKI defi nition [ 11 ]   

 Increase in SCr by ≥0.3 mg/dL (≥26.5 μmol/L) within 48 h 
 Increase in SCr to ≥1.5 times baseline, which is known or presumed to have 

occurred within the prior 7 days (or) 
 Urine volume of <0.5 mL/kg/h for 6 h 

   Source :   http://www.kdigo.org    . Kidney Disease: Improving Global Outcomes 
(KDIGO) Acute Kidney Injury Work Group. KDIGO Clinical Practice 
Guideline for Acute Kidney Injury. Kidney International supplements. 
2012;2:1–138  

   Table 14.2    Staging of AKI [ 11 ]   

 Stage  Serum creatinine  Urine output 

 1  1.5–1.9 times baseline  <0.5 mL/kg/h for 6–12 h 
  or 
 ≥0.3 mg/dL (≥26.5 μmol/L) increase 

 2  2.0–2.9 times baseline  <0.5 mL/kg/h for ≥12 h 
 3  3.0 times baseline  <0.3 mL/kg/h for ≥24 h 

  or   or 
 Increase in serum creatinine to ≥4.0 mg/dL (≥353.65 μmol/L)  Anuria for ≥12 h 
  or 
 Initiation of renal replacement therapy 
  or 
 In patients <18 years, decrease in eGFR to <35 mL/min per 1.73 m 2  

   Source :   http://www.kdigo.org    . Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney Injury Work 
Group. KDIGO Clinical Practice Guideline for Acute Kidney Injury. Kidney International supplements. 2012;2:8–12  
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Available parameters require analysis of trends and an evaluation of how the underlying disease state 
will potentially skew results of such values. This is particularly important for the individual with AKI. 

 Fluid status of the patient will signifi cantly impact in the evaluation of weight status. Fluid shifts 
resulting in weight gain due to volume excess related to oliguria or anuria is common with AKI. Use 
of RRT can result in signifi cant reductions in a patient’s overall body weight that correlates to fl uid 
removal and not loss of muscle or fat mass. The “normal” and dry weight should be considered to 
prevent overfeeding. Body mass index records can help provide data regarding pre-illness weight 
status when available. 

 A physical assessment of the patient should be performed to check for signs of nutrient defi ciencies 
and hydration status. A patient may present with lower extremity edema yet have muscle or fat wast-
ing, evidenced by temporal indentation or prominence of the rib cage. Techniques for physical exami-
nation include inspection, palpation, percussion, and auscultation. A nutrition-focused physical exam 
can help identify skin lesions, wounds, or pressure ulcers, all of which need to be factored in the 
assessment and determination of nutritional requirements. Refer to chapter on the nutrition-focused 
physical exam. 

 Laboratory parameters are of value in the assessment process but they are not without limitations. 
Transport protein values in the intensive care unit (ICU) setting provide more relevance to the acute 
status rather than the overall protein level of the patient. Serum albumin is a prognostic indicator of 
overall disease-related outcome; however, profound hypoalbuminemia occurs in a critically ill patient. 
Serum albumin, thyroxine-binding prealbumin (PA), retinol-binding protein (RBP), and transferrin 
are negative acute phase reactants that will decrease as a result of the stress and infl ammatory response 
related to injury and illness. C-reactive protein (CRP) and serum ferritin levels are positive acute 
phase reactants that inversely increase during this process. These important values are related to 
infl ammatory metabolism which contributes to anorexia, lean body mass loss, risk for complications 
including infection, increased length of stay, and mortality [ 13 ]. Cytokines including interleukin 1 
(IL-1), interleukin 6 (IL-6), and tumor necrosis factor α (TNF-α) may also be measured; however, 
interpretation of these results in the AKI patient have not been standardized. 

 Nitrogen balance evaluation can be used to help determine the degree of catabolism and establish 
protein goals for the critically ill patient. A creatinine clearance of >50 mL/min/1.78 m 2  is needed for 
accurate determination [ 14 ], therefore limiting the use of this parameter to the patient with oliguria 
and anuria. Nitrogen balance can be determined by calculating the urea nitrogen appearance (UNA) 
or the protein catabolic rate (PCR) in patients with AKI and on CRRT [ 5 ,  14 – 16 ]. However, it also has 
limitations due to protein fl uctuations and catabolism that can result in errors with interpretation [ 14 ] 
(Table  14.3 ).

   Blood urea nitrogen values refl ect rate of urea synthesis by the liver and excreted by the kidney, and 
serum creatinine refl ects the nitrogenous waste product of muscle metabolism and is proportional to 
the body’s muscle mass. Both values are elevated in AKI [ 17 ]. 

 Electrolyte balance is affected by AKI, which requires careful evaluation. Metabolic acidosis can 
result in hyperkalemia, whereas hyponatremia occurs with overhydration. Changes in glomerular 
function, medications, exogenous sources of electrolytes, quality of urine production, nutrition sup-
port, and RRT will each alter serum values.  

    Oral Intake and Supplements 

 A patient who is not critically ill with AKI can receive an oral diet; however, many factors impact an 
individual’s ability to consume adequate oral nourishment such as taste changes, gastrointestinal (GI) 
disorders, and conditions related to comorbid disease. The clinician needs to be skillful in optimizing 
a balance between dietary needs and restrictions through the individualization of the nutrient 
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prescription for the person with AKI. Goals of the nutrition treatment plan should include meeting the 
demands of catabolic conditions including comorbid states to limit any unnecessary restrictions and 
to prevent worsening of laboratory values and overall status. When suboptimal intake is noted, nutri-
tion supplements should be added.  

    Specialized Nutrition Support 

 For the ICU patient, nutrition support using enteral or parenteral nutrition is warranted to meet the 
nutritional demands and it attempts to mitigate the metabolic and immunologic disturbances and 
improve outcomes. Malnutrition has been identifi ed as a predictor of hospital mortality for AKI patients 
independent of complications and comorbidities [ 18 ]. Enteral nutrition support is the preferred route of 
feeding for these patients provided GI function is adequate, as this method has been associated with 
fewer infectious and metabolic complications in comparison to parenteral nutrition (PN) [ 12 ,  19 – 22 ]. 
An individual’s clinical condition, the presence and severity of malnutrition, the degree of food inade-
quacy, and time period (days to weeks) that oral intake is less than optimal will infl uence when enteral 
tube feeding should be initiated. Guidelines from the Society of Critical Care Medicine (SCCM) and 
American Society of Parenteral and Enteral Nutrition (ASPEN) suggest that enteral nutrition is consid-
ered safe and practical and should be started within the fi rst 24–48 h for the critically ill patient after 
admission once the patient is hemodynamically stable [ 19 ]. Patients who require high-dose catechol-
amine agents and those who are receiving blood products or large fl uid volumes during resuscitation 
periods require careful attention [ 19 ]. For those individuals considered unstable based on factors 
including hypotension, risk for gastric dysmotility, or who are septic, enteral feedings should be with-
held to avoid ischemia or reperfusion injury involving the intestinal microcirculation [ 19 ]. Complication 
risk or injury must always be weighed against potential benefi ts of feeding. 

 The route of enteral support can either be gastric or into the small bowel based on the patients’ GI 
anatomy, current disease state, and motility function. Gastric feedings rely on adequate GI function 
without problems of delayed gastric emptying, obstruction, or fi stula [ 22 ]. For individuals with gastro-
paresis, gastric refl ux conditions, gastric outlet obstruction, pancreatitis, or risk of aspiration, small 
bowel feedings should be considered [ 22 ]. Critically ill patients who are being fed into the small bowel 
and who require simultaneous gastric decompression can utilize a dual-lumen gastrojejunal tube [ 22 ]. 

 Tolerance to tube feedings is assessed by presence of abdominal distention, rigidity or fi rmness, 
absence of stools, or vomiting [ 22 ]. According to SCCM/ASPEN, a standard enteral formula can be 
used for patients with AKI unless signifi cant electrolyte imbalances and fl uid status require specialty 
formulas [ 19 ]. 

   Table 14.3    Urea nitrogen appearance and protein catabolic 
rate equations [ 15 ,  16 ]   

 Urea nitrogen appearance, g/day = UUN + [(BUN2 − BUN1) × 
0.6 × BW1] + [BW2 − BW1 × BUN2] 

 Where net protein breakdown = UNA × 6.25 
 BUN1 = initial concentration of BUN, postdialysis (g/L) 
 BUN2 = fi nal concentration of BUN, predialysis (g/L) 
 BW1 = postdialysis weight (kg) 
 BW2 = predialysis weight (kg) 
 PCR, g/day = UNA × 6.25 

14 Acute Kidney Injury
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    Tube Feeding Formulas 

 Formulas used for tube feeding range from those that require complete digestion to predigested for-
mulas developed for individuals with digestive disorders, such as malabsorption or short gut syn-
drome. These formulas provide 1–1.2 kcal/mL to more concentrated products of 1.5–2 kcal/mL. 
Products have also been developed to meet specialty needs of individuals with disease-specifi c disor-
ders such as liver or kidney disease. As products evolve and outcome-based research advances, it is 
necessary for the clinician to appropriately match the needs of the patient with the best product avail-
able in a safe and cost-effective manner. 

 Enteral products developed specifi cally for renal patients on dialysis require digestion and are 
lower in sodium, potassium, and phosphorus with a concentrated source of calories and protein. 
Vitamin and mineral contents are designed to match the needs of the dialysis patient with added 
amounts of folic acid and pyridoxine and limited amounts of vitamins C and A. The Dietary Reference 
Intakes (DRIs) for most nutrients are met using 1 L of formula. Enteral formulas contain vitamin K 
and are a consideration for patients receiving warfarin. The dose may need to be adjusted and coagula-
tion protocols monitored with tube feedings, any oral intake, or transition to oral intake [ 23 ]. 

 Renal products may need to be used cautiously or replaced with nonrenal specifi c products when 
an individual has been undernourished and is at risk for refeeding syndrome. Individuals with a his-
tory of poor intakes, chronic alcoholics, and malnourished patients, particularly those with marasmus 
or obese patients with signifi cant weight loss, are at risk for refeeding syndrome [ 24 – 26 ]. This 
syndrome can be defi ned as severe electrolyte and fl uid shifts associated with metabolic abnormalities 
in malnourished patients undergoing aggressive refeeding, whether enterally or parenterally [ 25 ]. 
Hypokalemia, hypophosphatemia, hypomagnesemia, abnormal glucose metabolism, fl uid-balance 
abnormalities, and thiamine defi ciency can occur. Prevention of refeeding syndrome includes the slow 
administration of nutrients at a caloric level below maintenance needs, with careful attention to phos-
phorus, potassium, and magnesium as it should be anticipated that these values drop [ 24 ,  25 ,  27 ]. Low 
serum potassium, magnesium, or phosphorus is generally not expected in patients with kidney dis-
ease; therefore, it is of particular importance to be aware of the problems related to refeeding syn-
drome. The lower potassium, phosphorus, and magnesium content of renal formulas may actually 
precipitate a serious decline in serum electrolytes once nutrition support is initiated. It is advantageous 
if the clinician is familiar with the individual’s previous dietary intake before the start of nutrition 
support in order to select the most appropriate product and to manage the patient wisely. If refeeding 
syndrome characteristics are present (low magnesium, potassium, and phosphorus), then a concen-
trated nonrenal specifi c formula should be used rather than a renal product that is low in potassium, 
magnesium, and phosphorus. Once serum values normalize, the need for a renal specifi c formula can 
be reassessed with selection of the most appropriate enteral product to meet the patient’s needs. Other 
nonrenal concentrated formulas that provide 1.5–2 kcal/mL may also be used depending on the indi-
vidual’s status, RRT, fl uid, and laboratory results. Modular protein sources are available and can be 
used to tailor individual needs. 

 Over the years, closed enteral systems have become more widely used in the hospitalized setting. 
These products contain sterile tube feeding, are ready-to-hang for up to 24–72 h, have been associated 
with less contamination, and require less nursing intervention time [ 28 ]. The closed system solutions 
generally are 1–1.5 L of volume and are concentrated formulas (i.e., 2 kcal/mL).  

    Tube Feeding Management 

 The management of GI complications including diarrhea, malabsorption, nausea, and vomiting, along 
with mechanical complications such as tube occlusions, is similar to other individuals who require 
enteral support. The AKI patient requires further monitoring of fl uid status, electrolyte management, 
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and GI status. The amount of free water fl ushes with feedings or with the administration of medications 
needs to be strictly limited when urine output is reduced. 

 Tube occlusions are a potential problem particularly when the tube is used for the administration 
of medications. In general, feeding tubes should be fl ushed routinely with about 20–30 mL of water 
every 4 h during continuous feeding and before and after each intermittent or bolus feedings and 
medication administration [ 27 ,  29 ]. Flushes contribute extra water and can be a challenge for the renal 
patient. Calorically dense and fi ber-containing products are more viscous, and formulas that are 
administered at very low rates can potentially aggravate the problem, since the formula may not fl ow 
easily through the tube [ 27 ]. In addition to water, carbonated beverages such as cola and cranberry 
juice have been used to fl ush feeding tubes; however, these products are not recommended [ 27 ] and 
can negatively change serum potassium and phosphorus levels. Cranberry juice has also been reported 
to interfere with warfarin metabolism and therefore may predispose the patient to coagulation prob-
lems [ 30 ]. Liquid irrigants, enzyme solutions, and mechanical devices have also been used to unclog 
a tube [ 27 ]. Implementation of practices that would prevent clogging is recommended. 

 Fluid restriction is determined by whether the patient is anuric, oliguric, or has some residual renal 
function; the ability of the type of RRT to remove unwanted fl uid; and other comorbid factors ranging 
from heart failure to the presence of an ileostomy. Strict fl uid restrictions would require the use of 
1.8–2 kcal/mL formula; serum potassium and phosphorus values would dictate which enteral product 
would best meet the needs of the patient. Acute or chronic diarrhea or vomiting can decrease serum 
potassium levels, which need to be factored into the decision regarding product selection. 

 Gastroparesis is common in individuals with diabetes and is associated with dialytic procedures, 
elevated BUN values, and hyperglycemia thereby necessitating close monitoring of the tolerance to 
enteral tube feedings [ 27 ]. Placement of the tube in the stomach versus small bowel will also affect GI 
tolerance. Tube feeding volume should be assessed and whether promotility agents such as metoclo-
pramide or erythromycin are being used to promote gastric emptying [ 27 ]. The patient’s position 
during dialysis should be considered to determine whether the tube feeding can be given. For exam-
ple, if a patient needs to be in a supine position because of hypotensive episodes during RRT, the 
feeding needs to be held in order to prevent the risk of aspiration. A semirecumbent position (>30° 
elevation) is recommended to prevent aspiration for individuals requiring tube feeding [ 27 ]. 

 AKI may require medications with noted side effects such as constipation, diarrhea, nausea, or 
vomiting. Tube feedings have been associated with similar side effects; therefore, it is important to 
identify the etiology of the symptoms and to treat the problem based on the actual cause rather than 
an assumption. Prokinetic agents and those medications containing sorbitol, as well as  Clostridium 
diffi cile  colitis, are also common causes of diarrhea [ 29 ]. 

 Metabolic complications can occur in individuals on tube feedings; therefore, the health care team 
must assess each laboratory value independently to determine potential reasons for increased or 
decreased values. Baseline metabolic and nutrition assessment parameters should be obtained with 
the initiation of enteral feedings, and follow-up parameters should be based on the individual’s needs 
and clinical condition.  

    Guidelines for Administration 

 Initiation of enteral feedings is generally 25–50 mL/h or may be started at goal rate [ 31 ] based on 
patient tolerance and status. It is important to be attentive to the caloric density of the product selected. 
When a 2 kcal/mL formula is used, nutrient needs can be met at lower doses than if a 1.2 kcal/mL 
formula is used. A 2 kcal/mL formula at  50 mL / h  equals 1,200 mL or 2,400 kcal and 85 g of protein, 
whereas a standard 1.2 kcal/mL formula at  80 mL / h  equals 1,920 mL or 2,304 kcal and 106 g of pro-
tein. This is a difference of 720 mL.    
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    Parenteral Nutrition Support 

    Use of Parenteral Nutrition (PN) 

 Parenteral nutrition is the administration of nutrients using an intravenous (IV) method intended for 
individuals who do not have a functional GI tract or in situations where administration of nutrients 
using the GI tract was not tolerated or could not be safely used. Parenteral nutrition can be adminis-
tered either centrally or peripherally; however, in the patient with AKI, a central access would be 
used. 

 PN solutions may be provided as a “2-in-1” solution which the carbohydrate, protein, vitamins, 
electrolytes, minerals, additives, and sterile water are combined in one solution. Intravenous fat emul-
sions (IVFEs) can be administered separately from the “2-in-1” solution. When IVFE are added to the 
PN solution it forms a total nutrient admixture (TNA) or a “3-in-1” solution. 

    Intradialytic Parenteral Nutrition Support 

 Patients with ESRD receiving hemodialysis can receive nutritional support while on dialysis using the 
direct blood access used for the dialysis treatments. This method of nutritional support allows for the 
infusion of amino acids, dextrose, IVFE, and additives via the venous side of the extracorporeal 
circuit during dialysis. 

 This method of support has been used primarily for patients who are considered malnourished with 
inadequate oral intake of food and supplements. Overall goals of therapy include provision of added 
nutrients without causing volume overload. The ultrafi ltration of dialysis can be used to control fl uid 
volume and the patient weight status. 

 Advantages to the intradialytic parenteral nutrition support (IDPN) infusion include the ability to 
administer hypertonic solutions without dangers of phlebitis and ease of infusion using the available 
access. Calorie, protein, and fat intake is dependent on formula designed; calories up to 1,600 can be 
infused using a combination of 70 % dextrose, 15 % amino acids, and 20 % lipids. 

 A disadvantage to the system includes the inability to consistently meet patient total nutritional 
requirements as the nutrition is only given during dialysis treatments which generally is three times 
per week. Thus, IDPN is considered more supplemental rather than total nutrition limiting reimburse-
ment and overall favorable outcomes. IDPN is also being provided to individuals with functional 
gastrointestinal tract, whereas any parenteral nutrition is most often recommended in the absence of 
GI function. Labs, weight status, and tolerance issues need to be monitored closely as with total par-
enteral nutrition with added consideration being given to shortened infusion times based on number 
of hours the patient is on hemodialysis. Glycemic control often requires insulin therapy during infu-
sion to prevent hyperglycemia, and postdialysis hypoglycemia may require tapering of formula in 
addition to a carbohydrate containing snack posttreatment [ 32 ]. 

 Some studies have supported benefi ts including improved protein synthesis, energy metabolism, 
serum albumin levels, and weight gain with those patients who are more malnourished with greater 
improvement of albumin values [ 32 ]. IDPN is not considered for routine use in the hemodialysis 
patient. 

 Intraperitoneal nutrition (IPN) which uses a peritoneal dialysate solution containing amino 
acids has been used in end-stage renal patients on peritoneal dialysis [ 33 ]. Although this allows 
for the infusion of amino acids in one bag of dialysate, limitations include the inability to provide 
complete nutrition adequacy therefore IPN is considered supplemental placing severe limits on 
reimbursement.   
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    Nutrient Substrates 

    Protein 

 Protein is provided in the PN formula to provide a source of nitrogen. Crystalline amino acid (AA) is 
the source of protein with commercial solutions being available in concentrations of 3.5–20 %. The 
concentration used will be based on an individual’s protein requirements, fl uid allowance, and avail-
ability in the formulary. The AKI patient with increased protein requirements and limited fl uid allow-
ance generally would use the more concentrated solutions such as 10, 15, or 20 %. Standard amino 
acid (AA) solutions include a balance of essential amino acids (EAA) and nonessential amino acids 
(NEAA) and are appropriate for the AKI patient. There is insuffi cient evidence to support the use of 
only EAA solutions in the treatment of AKI [ 20 ]. EAA use alone does not offer benefi ts and in fact 
has been noted to be potentially harmful for patients due to hyperammonemia and metabolic encepha-
lopathy [ 29 ]. NEAA including ornithine, citrulline, and arginine are needed to enable detoxifi cation 
of ammonia via the urea cycle [ 29 ].  

    Carbohydrate 

 Carbohydrates provide a source of calories and are supplied as an anhydrous dextrose monohydrate 
in sterile water. It is available in concentrations ranging from 5 to 70 % and provides 3.4 kcal/g of 
dextrose. Dextrose supports the energy needs of the individual but requires careful consideration in 
achieving good glycemic control and prevents overfeeding by minimizing the carbohydrate load, 
particularly for individuals who require ventilatory support. Although exact carbohydrate require-
ments have not been clearly identifi ed, a minimum of 50 g/day is required to avoid ketone production 
[ 34 ]. Suggested carbohydrate intake for critically ill patients is ≤4 mg/kg/min/day [ 35 ]. Fluid limits 
and the targeted plasma glucose of 110–149 mg/dL (6.1–8.3 mmol/L) [ 36 ] impact selection of dex-
trose and volume used. The more concentrated 40–70 % dextrose is usually selected based on allowed 
volume and needs.  

    Fat 

 Lipids provide a source of essential fatty acids and a concentrated source of calories. Long-chain fatty 
acid emulsions are made from either soybean oil or a combination of saffl ower and soybean oils. 
IVFE are available as either 10, 20, or 30 % solutions; the 30 % solution is reserved for TNA. IVFE 
contains egg phospholipids as an emulsifi er with glycerol to adjust the osmolarity; therefore, they are 
contraindicated in individuals who have an egg allergy or potential soy allergy. IVFE contributes to 
the phosphorus and vitamin K intake. 

 Lipids should be limited to 1 g/kg/day in the critically ill patient [ 37 ]. To prevent essential fatty 
acid defi ciency, provide IVFE as 2–4 % of total energy intake with 1–2 % linoleic acid [ 38 ]. This can 
be accomplished by giving 250 mL 20 % IVFE administered separately over 8–10 h, twice weekly in 
a 2-in-1 PN formulation [ 39 ]. Triglycerides should be monitored to assess lipid clearance; desired 
values are less than 400 mg/dL in adult patients [ 29 ]. Overfeeding or rapid infusion of IVFE can cause 
hypertriglyceridemia, leading to altered immune and pulmonary response, and increased risk of pan-
creatitis [ 39 ]. 

 Other lipid sources such as propofol contribute fat calories and should be calculated in the indi-
vidual’s overall caloric and lipid intake. Propofol provides 1.1 kcal/mL and 0.1 g fat/mL.   
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    Parenteral Additives 

    Fluid and Electrolytes 

 Impaired kidney function impacts the kidney’s ability to maintain normal fl uid and electrolyte bal-
ance. Daily fl uid intake allowance usually corresponds to fl uid output. If urine output is less than 1 L/
day, fl uid intake of 1–1.5 L/day is recommended [ 40 ]. With patients who are oliguric (i.e., urine out-
put declines to ≤400 mL/day) or anuric (urine output <100 mL/day), tighter fl uid management is 
needed. 

 Electrolyte requirements have been established for individuals with normal kidney function 
along with suggested values for individuals with kidney failure [ 41 ]. Body weight, nutritional 
status, residual kidney function, comorbid diseases, and medications can infl uence both fl uid and 
electrolyte status. Serum potassium, magnesium, and phosphorus levels will likely increase with 
poor kidney function due to impaired excretion. Management of electrolytes requires careful mon-
itoring of laboratory values to minimize the potential risk of complications and to meet the 
patient’s needs. 

 Sodium and potassium may be available as chloride, acetate, or phosphate; calcium gluconate and 
magnesium sulfate are preferred [ 42 ]. Parenteral AA solutions may include small amounts of electro-
lytes and acetate, which need to be calculated into the total solution. Acetate, a bicarbonate precursor, 
is used for PN rather than bicarbonate itself because of potential pH changes and the risk of insoluble 
precipitation with calcium and magnesium [ 42 ]. Acetate can be metabolized to bicarbonate by the 
liver. Individuals with acidosis may be treated with the addition of acetate; however, the amount will 
be dependent on sodium and potassium additives. Bicarbonate may also be used to treat acidosis but 
would require access using a separate line. The amount of calcium and phosphorus requires careful 
monitoring as excess amounts added to the PN solution can result in insoluble precipitation causing 
crystal deposition that may lead to death [ 42 ].  

    Vitamins and Trace Minerals 

 The American Medical Association (AMA) Nutrition Advisory Committee has made recommenda-
tions for the inclusion of multivitamins (MVI) and trace elements (TE) with PN use [ 29 ]. Commercially 
available PN MVI adult preparations contain 12 or 13 of the known vitamins; vitamin K has been 
added to create MVI 13, which contains 150 μg vitamin K. IVFE also contains vitamin K due to soy-
bean or saffl ower oils of which it is made of. Daily vitamin K requirements for adult PN is 150 μg 
daily [ 26 ]; however, use of coagulation therapy needs to be considered with vitamin K use. 

 Parenteral MVI contains 1 mg vitamin A, whereas oral vitamins used for dialysis patients do 
not contain vitamin A. Total vitamin A intake, whether oral or parenteral, should be monitored, 
particularly in individuals who require long-term PN support as toxicity may develop. Adult MVI 
preparations contain 200 mg daily vitamin C [ 42 ], whereas an oral renal vitamin contains 
60–100 mg [ 43 ]. 

 Daily TE supplementation for adult PN formulations have also been established [ 29 ]; however, 
exact requirements for AKI patients have not. Trace elements may be withheld, given several times 
per week, administered in a half dose, or selected trace elements ordered based on route of excretion, 
risk for toxicity, and needs. A combination of clinical judgment, assessment of symptoms, and evalu-
ation of laboratory data is needed when deciding to administer trace elements and amounts. Ongoing 
research and reporting of outcomes and observations which helps strengthen evidence-based guide-
lines are needed in this area.   
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    Initiation and Monitoring of Parenteral Nutrition Support 

 Parenteral nutrition orders should consider the patient’s fl uid, electrolyte, and acid–base balance 
status; glycemic control; access availability; and risk for refeeding syndrome when starting and moni-
toring PN. The total volume can be delivered safely; however, hypervolemic patients with fl uid limits 
are likely to be restricted to 1–1.5 L/day. Achievement of RRT goals, urinary output, and overall 
hydration status will determine fl uid allowances when starting PN and identifying a safe total volume 
allowance. Initial adult carbohydrate dose is usually 150–200 g/day; those with diabetes mellitus or 
hyperglycemia, 100–150 g/day [ 29 ]. PN can be increased to meet nutritional requirements to achieve 
goals in 72–96 h [ 35 ] or as best tolerated by the patient. 

 Correction of electrolyte disturbances is recommended prior to starting PN. Refeeding syndrome 
can be avoided by limiting the amount of carbohydrate in feedings [ 29 ]. Refeeding syndrome can 
cause laboratory abnormalities; however, RRT may correct some of these abnormalities and should be 
monitored as the nutrition support formula is developed. For example, if an individual is at risk for 
refeeding syndrome (which can lower serum potassium), the same individual may have hyperkalemia 
because of kidney failure; therefore, the dialysate solution can be adjusted to a low potassium bath. 
Caution should be taken that the potassium does not fall to an undesirable level with the initiation of 
PN. Thus, it is important to assess the whole picture. 

 Protein can be administered at full dose without dose reduction. IVFE may be started at full dose 
provided serum triglyceride levels are within normal range [ 42 ]. 

 Acid–base abnormalities may be a result of the individual’s underlying condition, although nutri-
tion support can also infl uence the values as well. Manipulation of the acetate and chloride content of 
the PN may aid in the correction of such abnormalities. 

    Discontinuing Parenteral Nutrition 

 Hypoglycemia can occur if the solution is discontinued abruptly in patients who are not receiving 
other sources of nutrition. Prevention strategies include tapering the PN solution, hanging 10 % dex-
trose at the same rate as the PN, monitoring serum glucose levels when insulin is being given, and 
assessing other sources of nutrition (IV, tube feedings, or oral intake).  

    Monitoring Clinical and Laboratory Parameters 

 General guidelines for monitoring clinical and laboratory parameters in patients receiving PN include 
obtaining a baseline comprehensive metabolic panel, daily weights, intakes and output, daily labora-
tory values until stable then weekly thereafter, and serum glucose three times per day until stable. 
Serum triglyceride levels should be checked prior to the infusion of lipids. Liver enzymes, bilirubin, 
and a complete blood count (CBC) should be checked when PN is initiated, then 2–3 times per week 
until stable, then weekly [ 41 ]. Frequency of monitoring will be based on acuity and results. Less fre-
quent monitoring can be used as stabilization occurs.    

    Nutritional Requirements in AKI 

 It has been well established that AKI presents protein calorie malnutrition and an infl ammatory and 
pro-oxidative state with all of its known complications [ 11 ,  21 ,  44 – 47 ]. Nutrition support should be 
aimed towards attenuating and counteracting the negative nitrogen balance and loss of lean body mass 
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that occurs in most patients with critical illness. The goals of nutrition support for the AKI patient are 
similar if not the same as for other ICU patients with normal renal function. Obviously, renal impair-
ment adds challenges while attempting to provide nutritional adequacy, prevent malnutrition, support 
immune function, accelerate recovery, and prevent mortality. 

 Metabolic derangements have been observed in the AKI population. AKI has been found to 
increase metabolism in some studies; however, some clinical conditions of AKI are not associated 
with increased catabolism [ 48 ,  49 ]. The underlying comorbid conditions and degree of critical illness 
will impact on the overall level of catabolism of the patient. Negative nitrogen balance also results 
from uremic toxins, endocrine factors, metabolic acidosis, inadequate protein intake, and RRT loses 
[ 48 – 50 ]. 

 Impaired lipolysis causes plasma lipid changes with noted decreased production of lipoprotein 
lipase, especially with acidosis and hepatic triglyceride lipase reduction [ 48 – 50 ]. This is of particular 
importance when PN containing IVFE or lipid-based medication use is required. The triglyceride 
content of lipoproteins including very-low-density and low-density lipoprotein levels is increased 
with AKI and cholesterol, and high-density lipoproteins are decreased [ 48 ]. 

 Insulin resistance occurs with AKI leading to an imbalance of glycemic parameters. Hyperglycemia 
complications include risk of infection, poor wound healing, and mortality [ 51 ]. Tight glycemic con-
trol is recommended with avoidance of swings to hypoglycemia [ 36 ]. 

    Energy Requirements 

 The energy needs for critically ill patients, including those with AKI, will depend much on the nutri-
tional status prior to kidney injury, acute and chronic comorbid conditions, and the severity of the 
underlying disease, more so than on the syndrome of renal injury itself [ 21 ,  52 – 54 ]. When available, 
indirect calorimetry should be used to determine energy requirements [ 20 ]. The European Society for 
Clinical Nutrition and Metabolism (ESPEN) Guidelines on Enteral Nutrition in Renal Failure and 
KDIGO recommend an energy intake of 20–30 kcal/kg/day with AKI [ 21 ]. ESPEN adds that calories 
should be adapted according to the individual’s needs in cases of obesity or underweight status [ 21 ]. 
When calorie levels of 40 kcal/kg/day were used in comparison to 30 kcal/kg/day combined with 
1.5 g/protein/kg/day, the higher calorie infusion did not show differences in positive nitrogen balance 
but did result in elevated glucose and triglyceride levels along with insulin needs [ 44 ].  

    Protein Requirements 

 Non-catabolic, nonoliguric, milder cases of AKI that require RRT and are likely to regain renal func-
tion within a short period of time can generally receive up to 0.8 g/kg/day of protein during this time 
provided adequate calories are provided (30 kcal/kg/day) [ 20 ,  48 ,  52 ]. KDIGO also supports admin-
istering 0.8–1.0 g/kg/day of protein in non-catabolic AKI patients who are not in need of dialysis [ 11 ]. 
Consideration must be given to concurrent events that may increase needs based on protein break-
down or losses. Protein restriction with the intent to prevent or delay initiation of RRT should be 
avoided [ 11 ]. 

 Losses of protein and amino acids via the extracorporeal circulation of RRT are approximately 
0.2 g amino acid per liter of ultrafi ltrate or 10–15 g amino acid per day [ 21 ,  50 ,  52 ].    An added 5–10 g/
day of protein is needed per day above the 1.5 g/kg/day for AKI to replace losses when treatments are 
daily or when high fl ux fi lters and/or high-effi ciency modalities including CRRT and sustained low- 
effi ciency dialysis (SLED) are used [ 21 ,  50 ,  52 ]. 

M.A. Kalista-Richards



243

 KDIGO recommendations include 1.0–1.5 g/kg/day protein in AKI patients on RRT, and up to a 
maximum of 1.7 g/kg/day in patients on CRRT and in hypercatabolic states [ 11 ]. ASPEN/SCCM 
recommends an increased protein load of 1.5–2 g/kg/day of protein up to a maximum of 2.5 g/kg/day 
in order to achieve positive nitrogen balance with CRRT treatments [ 19 ,  20 ,  55 ,  56 ]. Other studies 
have suggested that protein intake during CRRT should range between 1.8 and 2.5 g/kg/day [ 20 ]. The 
patient’s catabolic rate, renal function, and dialysis losses should be evaluated to best determine pro-
tein needs in order to promote positive nitrogen balance [ 20 ].  

    Fat Requirements 

 Lipid requirements parallel those that avoid development of EFAD in at risk patients receiving PN 
and to avoid overfeeding. Lipids are recommended at 1 g/kg/day or 35–30 % of total energy in the 
critically ill patient and should not exceed 2.5 g/kg/day in parenteral solutions [ 29 ,  37 ]. Use of 
propofol or amphotericin B housed in a lipid emulsion needs to be factored into the lipid dose 
provided.  

    Vitamins and Trace Elements 

 There are numerous consequences of AKI including disruption of both vitamin and trace element 
 balance. Various recommendations have been made for fat soluble vitamins. Plasma levels of vita-
mins A and E were found to be low in experimental AKI [ 11 ,  44 ] and the kidney’s inability to degrade 
RBP may lead to increased retinol levels [ 49 ]. Oral renal MVI do not contain vitamin A; however, 
adult multivitamin products contain 1 mg or 3,300 IU of vitamin A as retinol. Current evidence does 
not support added supplementation of vitamin A or E and retinol may require limitations [ 57 ]. 
Vitamin K levels may be normal or elevated [ 11 ] and vitamin D3 activation is impaired in AKI [ 21 , 
 48 ,  52 ]. Water soluble vitamins including C, thiamine, and folic acid may be lower due to extracorpo-
real excretion [ 49 ]; however, vitamin C should be limited to 100 mg with IHD and should not exceed 
200 mg with CRRT [ 46 ,  48 ,  58 ]. 

 Numerous factors impact TE needs in the AKI patient. The route of excretion, use of solutions 
containing contaminant or TE sources, TE in PN solution, GI excretory or protein bound losses, con-
ditions that require elimination due to potential of toxicity, illness-related defi ciencies, and the use of 
RRT should be evaluated. Both TE and vitamins can be altered with the AKI infl ammatory activity. 
Another concern is that although it is known that AKI patients are at risk for depletion, exact require-
ments have not been established [ 50 ]. 

 PN commonly contains zinc, copper, chromium, manganese, and selenium. In cases of cholestasis, 
copper and manganese are reduced or deleted due to excretion route and toxicity potential. Fluids 
used in the CRRT may have trace element contamination. The CRRT fl uid does not have an appre-
ciable amount of selenium or copper, but losses occur in the effl uent [ 59 ,  60 ]. If the copper has been 
removed due to cholestasis and the patient requires continued RRT, defi ciency may be of concern 
[ 57 ]. Zinc was found in effl uent fl uid in CVVHDF; however, there was positive zinc balance due to 
the zinc content of replacement fl uid solutions and PN and as a contaminant in anticoagulant solutions 
[ 50 ]. Patients who have concurrent GI problems such as diarrhea or colocutaneous fi stula may require 
zinc supplementation based on such losses. Selenium levels have been noted to be low in patients with 
AKI [ 61 ].  
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    Fluid, Electrolytes, and Mineral Needs 

 The amount of fl uid that can be excreted by the injured kidney and the selection of RRT dictate the 
daily fl uid intake. Intermittent dialysis generally necessitates fl uid limits, whereas the use of continu-
ous therapy allows for a full nutrition support prescription to be given. 

 AKI causes electrolyte imbalances that can be related to the underlying disease, hypermetabolic 
conditions, medications, nutritional refeeding issues, kidney failure, RRT use as well as the use of 
specialized nutritional support. Standard daily electrolyte requirements have been published for adult 
EN and PN formulations [ 29 ]. 

 Hyperkalemia is common with AKI with acidosis and reduced kidney clearance; however, gastro-
intestinal disease can cause losses. In the absence of RRT, potassium would need to be restricted. AKI 
can cause hypocalcemia related to hyperphosphatemia, hypoalbuminemia, losses with CRRT, and 
citrate anticoagulation [ 62 ]. The renal replacement prescription can be used to manage potassium and 
calcium levels. Hyperphosphatemia seen in AKI can be treated using phosphorus binders and restrict-
ing intake.    Hypermagnesemia occurs with AKI due to impaired excretion requiring limits of intake; 
however, the use of CRRT typically causes loss of phosphorus and magnesium requiring supplemen-
tation [ 14 ]. Recommendations for electrolyte and micronutrient requirements are based on serum 
concentrations [ 20 ].   

    Summary 

 Nutrition support in the patient with AKI is usually required to prevent deterioration of nutritional 
status during the catabolic events of multiple organ disease syndrome. There are alterations in the 
metabolism of protein, carbohydrate, and fat and changes in fl uid and electrolyte balance. A thorough 
nutritional assessment needs to be performed with the development of a nutrition care plan based on 
the individual’s needs and limitations of AKI. Specialized nutrition support requires skillful monitor-
ing with ongoing evaluation of the patient’s status to avoid complications.     
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    Introduction 

 Abnormal bone and mineral metabolism is a common complication of chronic kidney disease (CKD) 
and has been the subject of concern and controversy throughout the world [ 1 – 5 ]. Mounting evidence 
suggests that disorders of bone and mineral metabolism are associated with an increased risk for car-
diovascular calcifi cation, morbidity, and mortality [ 6 ,  7 ]. As kidney function declines, mineral homeo-
stasis deteriorates leading to changes in the levels of various hormones such as parathyroid hormone 
(PTH), 25-hydroxyvitamin D, 1,25-dihydroxyvitamin D, other vitamin D metabolites, fi broblastic 
growth factor-23 (FGF23), and growth hormone. Eventually, serum and tissue concentrations of cal-
cium and phosphorus become abnormal. The discovery of FGF23 has changed the understanding of 
abnormal phosphorus and vitamin D metabolism in CKD. FGF23 is a bone-derived hormone that 
increases phosphaturia and decreases the synthesis of 1,25-dihydroxyvitamin D (1,25(OH) 2 D). 
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•   To discuss current therapies and treatment recommendations for bone and mineral abnormalities 
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Increased secretion of 1,25(OH) 2 D and high dietary phosphorus intake are considered to be the main 
stimuli of FGF23 secretion [ 8 ]. FGF23 levels increase early (CKD stage 2 or 3) and steadily increase 
as CKD progresses. This hormone stimulates an appropriate physiologic adaptation to maintain nor-
mal phosphorus balance. It helps to augment urinary phosphate excretion, increase PTH levels, and 
lower 1,25(OH) 2 D production by decreasing phosphorus absorption from the Gastrointestinal (GI) 
tract. Over time this adaptation fails causing a progressive decline in 1,25(OH) 2 D levels with addi-
tional consequences such as secondary hyperparathyroidism (SHPT). High FGF23 levels have been 
independently linked with adverse outcomes in CKD, such as cardiovascular disease and mortality. 
Additionally, treatment with activated vitamin D compounds stimulates FGF23 which has reinforced 
the need to consider the risks and benefi ts of using activated vitamin D and to determine the optimal 
doses to treat CKD- mineral and bone disorder (CKD-MBD) [ 8 ]. 

 With the decreased conversion of 25-hydroxyvitamin D to the active form, intestinal calcium 
absorption drops and PTH secretion increases. The diseased kidney does not respond appropriately to 
PTH or FGF-23. There is also evidence of downregulation of vitamin D receptors (VDRs) and resis-
tance to the actions of PTH at the tissue level. While all the interrelated mechanisms and conse-
quences are not fully understood, the import of these abnormalities has generated considerable interest 
and controversy [ 2 ]. 

 Evidence-based practice guidelines for CKD-mineral and bone disorder management were pub-
lished by the National Kidney Foundation (NKF) Kidney Disease Outcomes Quality Initiative 
(KDOQI) in 2003 [ 1 ]. In 2005, an international group, Kidney Disease Improving Global Outcomes, 
sponsored a controversies conference entitled “Defi nition, Evaluation and Classifi cation of Renal 
Osteodystrophy” [ 9 ]. The resulting position statement, published in 2006, provided a broader defi ni-
tion of bone and mineral abnormalities which was labeled as CKD-MBD [ 9 ]. CKD-MBD was defi ned 
as a systemic disorder of mineral and bone metabolism due to CKD manifested by one or a combina-
tion of (1) abnormal calcium, phosphorus, PTH, or vitamin D metabolism; (2) abnormalities of bone 
turnover, mineralization, volume, linear growth, or strength; and (3) vascular or other soft tissue cal-
cifi cation. It was suggested that the term renal osteodystrophy (RO) be applied only to alterations in 
bone morphology in CKD that are quantifi able by histomorphometry of bone biopsy. There was also 
agreement within the consensus group that an international guideline was warranted to help clinicians 
understand and treat this disorder [ 9 ]. KDIGO evidence-based practice guidelines for CKD-MBD 
were developed and published in 2009 [ 2 ]. These guidelines have been reviewed and embraced by 
experts around the world [ 2 – 5 ]. The KDIGO recommendations and biochemical targets are less pre-
scriptive than previous guidelines due to the lack of high-quality evidence indicating that achievement 
of specifi c biochemical targets translates directly into improved outcomes [ 2 ]. KDOQI reviewed the 
KDIGO guidelines and essentially agreed that the majority of the international guidelines were appli-
cable to the US CKD population [ 3 ]. A comparison of KDOQI and KDIGO guideline biochemical 
targets can be found in Table  15.1 .

   In the years since dialysis became routinely available, the profi le of bone and mineral abnormali-
ties has changed, molded by the dialysis process and various therapies. The focus on hyperparathyroid 
bone disease and osteomalacia has expanded to include concern for low-turnover bone abnormalities, 
mixed bone disease, and soft tissue mineralization [ 1 ,  2 ]. Abnormalities of bone and mineral metabo-
lism, in those individuals on dialysis therapy, are typically asymptomatic until late in the course of the 
disease, and even then, symptoms may be nonspecifi c and unobtrusive [ 10 ,  11 ]. Common symptoms 
such as pruritus, bone pain, fractures, deformities, and muscle weakness [ 2 ,  9 ] have been overshad-
owed by metastatic and extraskeletal calcifi cations which have the potential to affect many areas of 
the body. Extraskeletal calcifi cation can be localized in arteries, in the eyes, in visceral organs, around 
joints, and in the skin [ 1 ,  2 ]. Manifestations of abnormal bone and mineral metabolism can be found 
in Table  15.2  [ 2 ,  7 ,  10 – 12 ]. It is important to understand the widespread incidence and impact of bone 
and mineral abnormalities in CKD and to use caution in applying therapies, always weighing the risks 
and benefi ts.
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       Pathogenesis of Bone and Mineral Abnormalities in CKD 

 Progressive loss of kidney function causes disturbances in mineral metabolism and bone integrity. 
The cascade of events that leads to bone and mineral abnormalities begins early in CKD. The kidneys 
help maintain the balance of calcium and phosphorus in the body by regulating the net excretion of 
these minerals in the urine. Balance is also maintained by changes in calcium and phosphorus absorp-
tion in the intestines and through the exchange of ions between bone and the extracellular fl uid. Bone- 
level calcium and phosphorus stores help support metabolic and homeostatic requirements. PTH, 
calcitriol, and phosphatonins like FGF23 coordinate the responses of the kidneys, intestines, and 
bones [ 1 ,  2 ,  10 ,  12 ]. 

 Mineral and endocrine derangements begin earlier in CKD than bone-level changes [ 9 ]. In response 
to increasing phosphate load and decreasing calcitriol levels, FGF-23 and PTH increase the per- 
nephron phosphate excretion via sodium-dependent phosphate cotransporters NPT2a and NPT2c [ 13 , 
 14 ]. FGF-23 and PTH levels increase as CKD progresses (stage 2 CKD) with compensatory adapta-
tions striving to maintain normophosphatemia [ 13 ,  14 ]. In healthy volunteers, dietary phosphate load-
ing stimulates FGF23 synthesis, while restricting dietary phosphate has the opposite effect [ 15 ]. 
Increased FGF-23 is an early biochemical marker of mineral derangement, although commercial 
assays for FGF23 or its biologic activator, Klotho, are not yet available for routine clinical use [ 16 ]. In 
the prospective Chronic Renal Insuffi ciency Cohort (CRIC) [ 17 ], elevated FGF-23 was independently 
associated with mortality risk at all stages of CKD and with risk of progression to ESRD in patients 
with baseline GFR ≥30 mL/min. FGF23 levels are positively correlated with serum phosphate and 
negatively associated with serum calcitriol and PTH. The role of FGF23 in development of SHPT is 
due to both direct and indirect effects. FGF23 has a counter-regulatory effect on calcitriol; thus, in 

   Table 15.2    Manifestations of abnormal bone and mineral metabolism in CKD   

 Manifestation  Characteristics/description 

 Altered vitamin D metabolism  Elevated FGF23 
 Defi ciency in calcitriol 
 Defective intestinal absorption of calcium 
 Hypocalcemia 
 Stimulation of PTH synthesis 

 Abnormal handling of calcium, 
phosphorus, and magnesium 
by the kidneys 

 Elevated FGF23 
 Hyperphosphatemia 
 Hypocalcemia 

 Secondary hyperparathyroidism  Decreased skeletal response to PTH 
 Altered degradation of PTH 
 Abnormal regulation of calcium-dependent PTH secretion 
 Impaired skeletal response to PTH 
 Increased parathyroid gland chief cell proliferation 
 Bone disease 

 Metastatic and extraskeletal 
calcifi cations 

 Calcifi cation of coronary arteries and cardiac valves 
 Potential skin ulceration or soft tissue necrosis 

 Fractures  Incidence is increased in CKD and associated with increased mortality 
 Bone pain  Uncommon since decrease in aluminum bone disease, expressed as general ache 
 Pruritus  Associated with high PTH levels, hypercalcemia, high CaP, and metastatic 

calcifi cation; self-reported by 40–50 % of hemodialysis patients 
 Dialysis-related amyloidosis  Disabling arthropathy after long duration of dialysis 
 Proximal myopathy and muscle 

weakness 
 Usually limited to proximal muscles, caused by SHPT, phosphorus depletion, 

aluminum toxicity, or low vitamin D levels 

  Data from [ 1 ,  2 ,  7 ,  10 – 12 ]  
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CKD it has the potential to reduce vitamin D activity. It can also stimulate local expression of 1α 
hydroxylase in the parathyroid (PT) glands which may indirectly downregulate PTH synthesis through 
increased local production of calcitriol [ 18 ]. It has also been demonstrated that there is a downregula-
tion of the FGF23 signaling pathway in the PT glands with a decreased expression of FGFR1 and 
Klotho. Klotho, a single-pass transmembrane protein, has wide biologic effects and is expressed 
mainly in the kidneys and the PT glands but has also been detected in other tissues. It is central to 
FGF23 biologic activity and seems to be required for the FGF23-mediated receptor activation that 
stimulates phosphorylation pathways. Klotho also has a role in regulation of phosphate and calcium 
metabolism leading to increased calcium reabsorption [ 18 ] and directly regulates PTH synthesis [ 19 ]. 
Many other general metabolism roles have also been attributed to Klotho, and it is believed that other 
new roles for Klotho will be identifi ed in the future [ 18 ]. 

 Once the glomerular fi ltration rate (GFR) drops below 60 (stage 3 CKD), PTH levels begin to rise 
in the blood [ 1 ], setting in motion the development of SHPT [ 9 ]. This rise in PTH appears to be in 
response to several factors, including increasing FGF23 levels, vitamin D defi ciency, increasing phos-
phate retention, and a skeletal resistance to PTH, all of which lead to hypocalcemia and further stimu-
lation of PTH. With progressive loss of kidney function, there seems to be a decrease in the number 
of VDRs and calcium-sensing receptors (CaSRs) in the PT glands, making them resistant to the 
actions of vitamin D and calcium. Dietary phosphorus modifi cation may modulate PTH [ 10 ,  11 ] and 
FGF23 [ 8 ,  9 ,  15 ] levels even when serum phosphorus levels are within the normal range. 
Hyperphosphatemia occurs later in the progression of CKD, usually when GFR drops to about 
20–30 mL/m 3 , and signifi cantly infl uences the function and growth of parathyroid glands [ 1 ,  11 ]. 

 By the time dialysis is required, most CKD patients have some degree of SHPT which is character-
ized by hypersecretion of PTH and eventually hyperplasia of the parathyroid glands. The historic 
trade-off hypothesis [ 1 ,  2 ,  8 ,  10 ] suggests that as GFR declines, production of calcitriol is inadequate 
to meet physiologic needs, serum calcium levels decline, phosphorus excretion declines, and serum 
phosphorus levels increase. Reduced calcitriol levels hinder the absorption of calcium from the intes-
tines. These factors lead to hypocalcemia, a primary stimulus for increased production and secretion 
of PTH. Increased PTH levels stimulate phosphorus excretion and calcitriol production to correct the 
hypocalcemia. However, research on FGF23 challenges this trade-off hypothesis and indicates that 
elevated FGF23 is one of the fi rst abnormalities and that it decreases 1,25-vitamin D production and 
starts the cascade of events that lead to SHPT [ 8 ]. 

 In the later stages of CKD, increased PTH production and secretion can no longer counterbalance 
the abnormal serum levels of calcium, phosphorus, and FGF23 [ 1 ,  8 ,  10 ,  11 ]. In addition, the kidneys 
lose their ability to adequately degrade and clear PTH from the body. Increased PTH production and 
secretion along with decreased PTH degradation lead to SHPT [ 9 ,  10 ,  20 ]. 

 Phosphate is a key element for many physiologic pathways such as skeletal development, bone 
mineralization, membrane composition, nucleotide structure, maintenance of plasma pH, and cellular 
signaling [ 18 ]. The kidneys are central to its regulation, mainly through two hormonal regulators, 
FGF23 and PTH. Both of these hormones have hypophosphatemic effects through decreased phos-
phate tubular reabsorption. The third regulator of phosphate metabolism is 1,25-vitamin D which 
increases intestinal calcium and phosphate absorption and inhibits PTH synthesis [ 18 ]. 
Hyperphosphatemia helps regulate the production of calcitriol by reducing the activity of the enzyme 
that activates 25(OH) vitamin D [ 20 ]. Hyperphosphatemia also has an effect on PTH gene expression 
and indirectly increases PTH production [ 21 ]. In those without CKD, higher PTH levels, along with 
increased FGF23 levels [ 18 ], decrease phosphorus reabsorption to restore serum phosphorus levels to 
normal. In the late stages of CKD, this compensatory mechanism is inadequate to maintain the serum 
phosphorus levels [ 18 ,  21 ]. Additionally, with signifi cant SHPT, phosphorus is released directly from 
the bone into the blood contributing to hyperphosphatemia [ 22 ]. Chronically elevated phosphorus 
levels are associated with parathyroid gland size and are central to parathyroid gland hyperplasia and 
continued high PTH levels [ 10 ,  20 ,  21 ]. 

15 Bone and Mineral Disorders
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 In CKD, production of calcitriol by the kidney is reduced in response to high FGF23 [ 8 ]. Low 
levels of calcitriol contribute to SHPT both directly and indirectly [ 23 ,  24 ]. Calcitriol exerts a direct 
negative feedback control on the parathyroid gland, inhibiting preproPTH production and gene tran-
scription [ 10 ,  11 ]. Indirectly, low calcitriol levels hinder the absorption of calcium from the intestine 
and mobilization of calcium from the bone. These actions suggest that calcium, rather than vitamin D, 
predominantly regulates PTH [ 23 ]. 

 Hypocalcemia results from increased calcium-phosphate complexes and from a decrease in absorp-
tion of dietary calcium from the intestine [ 24 – 26 ]. In addition, the ability of the bone to release cal-
cium into the blood is hindered. The CaSR provides a regulatory mechanism involving release of PTH 
to maintain calcium homeostasis [ 20 ]. Even slight physiologic, within normal range, changes in 
serum calcium seem to modulate the development of SHPT. 

 Skeletal resistance to the calcemic action of PTH is also a factor in the development of SHPT. As 
CKD progresses, increasingly higher levels of PTH are needed to induce PTH effects and to maintain 
normal bone remodeling activity [ 27 ]. Skeletal resistance is thought to be multifactorial, perhaps from 
altered regulation of PTH receptors in the bone that makes them less sensitive to PTH as well as from 
phosphorus retention and calcitriol defi ciency [ 11 ,  28 ]. 

 As hypocalcemia, hyperphosphatemia, increased FGF23, and calcitriol defi ciency continue, the 
parathyroid glands continually increase production of PTH leading initially to parathyroid cell hyper-
trophy. With chronic stimulation, the parathyroid cells proliferate and diffuse hyperplasia develops. 
This proliferation of parathyroid cells makes it diffi cult to modulate PTH levels. Nodular hyperplasia 
is characterized by cells that have fewer CaSRs and VDRs and are signifi cantly resistant to vitamin D 
therapy [ 11 ,  20 ,  21 ].  

    Bone Manifestations 

 The traditional types of RO have been defi ned on the basis of turnover, mineralization, and volume 
(TMV). Two general characteristics defi ne the state of the bone—high turnover and low turnover. 
SHPT, considered high-turnover disease, is characterized by abnormal and increased bone remodel-
ing, including osteitis fi brosa and mixed bone disorders. Low-turnover bone states are characterized 
by decreased bone mineralization and formation, including osteomalacia and adynamic bone disorder 
(ABD) [ 1 ,  10 ]. The spectrum of possible manifestations, from low to high turnover, from low to high 
volume, and with or without mineralization abnormalities, can be found in Table  15.3  [ 2 ].

   Osteitis fi brosa is caused by SHPT and historically has been the most common form of bone abnor-
mality in CKD [ 23 ,  29 ]. It is characterized by marrow fi brosis and increased bone turnover due to both 
bone resorption and bone formation. The bone resorption is caused by an increase in the number and 
activity of osteoclasts, and changes in bone formation are due to increased osteoblasts and osteoid 
deposition [ 1 ,  10 ,  12 ]. While mixed bone disease has features of both high- and low-turnover abnor-
malities, it is generally classifi ed as a high-turnover disease. Mixed bone disease has been associated 
with aluminum accumulation, hypocalcemia, and variable levels of serum phosphorus [ 10 ,  23 ]. 

   Table 15.3    Types and characteristics of renal osteodystrophy   

 Type  Bone turnover  Mineralization  Volume 

 Mild SHPT  Slightly high  Normal  Normal 
 Osteitis fi brosa  High  Normal  High 
 Osteomalacia  Low  Abnormal  Normal 
 Adynamic bone disorder  Low  Acellularity  Low 
 Mixed  High  Abnormal  Normal 

  Bone strength can be impaired in all of the above [ 2 ,  10 ]  
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 Osteomalacia, characterized by low bone turnover, due to aluminum overload was common in the 
1970s and early 1980s secondary to aluminum levels in the dialysate and the use of aluminum hydrox-
ide phosphate binders. With the change in dialysate standards and limitations of aluminum ingestion, 
aluminum-related osteomalacia is uncommon, but toxicity can still occur [ 10 ,  23 ]. The KDOQI 
guidelines recommend that aluminum-based phosphate binders be used only in extreme hyperphos-
phatemia and for a short duration [ 1 ]. KDIGO did not directly address aluminum toxicity other than 
to suggest avoiding long-term exposure to aluminum sources and indicating toxicity can be diagnosed 
with a bone biopsy [ 2 ]. 

 There is also a potential for developing osteomalacia related to vitamin D defi ciency, metabolic 
acidosis, hypophosphatemia, and defi ciencies in the trace elements, fl uoride and strontium [ 10 ]. 
Osteomalacia is characterized by a decreased bone formation rate, widened osteoid seams, as well as 
decreased formation and resorption surfaces [ 10 ,  23 ]. 

 ABD is characterized by a lack of new bone formation, low cellular activity, low numbers of osteo-
blasts, and normal or reduced osteoclasts. Increased bone matrix is the primary defect. Mineralization 
is usually decreased, without excess osteoid deposition or abnormal thickness. The reduction in osteo-
blasts and limited bone formation may be a result of a relative defi ciency in PTH. Other systemic PTH 
inhibitory factors may also play a role in ABD [ 23 ,  24 ,  30 ]. Several subgroups of CKD stage 5 dialysis 
(CKD stage 5D) patients may be more likely to have ABD. These include peritoneal dialysis patients, 
elderly patients, and those with diabetes [ 24 ,  31 ,  32 ]. 

 Plasma levels of PTH are generally higher than normal in CKD, even when associated with ABD. 
In uremia, a relative reduction in PTH is able to induce a low-turnover bone state even at laboratory 
normal PTH levels [ 32 ,  33 ]. There are also racial differences in response to PTH. Blacks tend to have 
reduced skeletal sensitivity to PTH and less likelihood of developing overt osteitis fi brosa despite 
higher plasma levels of PTH [ 33 ]. 

 Most of the studies of bone histomorphometry have not been designed to fully evaluate the rela-
tionship between fractures and types of renal osteodystrophy. Evidence is mixed regarding the rela-
tionship between low-turnover bone state and increased fractures, but some research suggests that 
fractures are more common in osteomalacia and adynamic bone state. It is well established that frac-
tures in those with CKD are associated with a higher mortality rate [ 2 ]. 

 In addition to bone abnormalities, extraskeletal calcifi cation is a signifi cant fi nding in CKD-MBD 
[ 1 ,  2 ]. Arterial calcifi cation is found early in CKD and progresses over time. Early research suggests 
that coronary calcifi cation is more likely to occur in individuals who have higher serum phosphorus, 
higher calcium times phosphorus product (CaP) levels, and a higher daily calcium load [ 34 ,  35 ]. 
Guérin et al. found that the severity of calcifi cation is correlated with age, dialysis vintage, fi brinogen 
levels, and the prescribed dose of calcium-based phosphate binders [ 36 ]. Vascular calcifi cation is 
associated with increased stiffness of the large capacity arteries such as the carotid artery and the aorta 
[ 35 – 37 ]. Other research shows that the presence and severity of arterial calcifi cations predict cardio-
vascular and all-cause mortality [ 36 ]. The full pathology of extraskeletal calcifi cation in CKD is not 
fully understood, but FGF23 is also considered to be contributory to this process [ 38 ,  39 ]. 

 Calcifi c uremic arteriolopathy (CUA), previously termed calciphylaxis, is a rare but severe form of 
medial calcifi cation of the small, cutaneous arteries. It is associated with painful skin lesions, subcu-
taneous nodules, tissue ischemia, and necrosis of the skin or subcutaneous tissue of the extremities. 
Disturbances in mineral metabolism, SHPT, and vascular calcifi cation appear to play a role in the 
genesis of CUA [ 40 – 42 ]. Proposed risk factors for calciphylaxis include female gender, Caucasian 
ethnicity, obesity, diabetes, liver disease, local trauma, hypotension, hypoalbuminemia, elevated min-
eral levels, protein C and protein S defi ciencies, malnutrition, iron deposition, and hyperparathyroid-
ism. There are discrepancies in reported risk factors because of the relatively small numbers of patients 
in many of the studies [ 43 ]. While the incidence of CUA is low and limited research has failed to fully 
explain the mechanisms, it can be a life-threatening complication of bone and mineral abnormalities 
in CKD [ 10 ]. 
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 Another abnormality in CKD is atypical accumulation of β 2 -microglobulin (β 2 MA), a polypeptide 
that is involved with lymphocyte-mediated immune response. Accumulation is progressive due to 
decreased catabolism and excretion by the kidneys. Symptoms seldom occur until the patient has been 
on dialysis therapy for a long time, i.e., 5–15 years. The most common fi rst symptom is carpal tunnel 
syndrome. Kidney transplantation is currently the only therapy that stops the progression of β 2 MA. 
Current treatment focuses the use of biocompatible dialyzer membranes to enhance clearance of 
β 2 MA during dialysis and on easing joint pain and infl ammation [ 12 ,  44 – 46 ]. 

 Osteoporosis is a skeletal disorder commonly found in the elderly. Since a large percentage of 
those receiving dialysis are over the age 65, osteoporosis may occur as an adjunct problem to CKD- 
MBD. Traditional therapies used to treat osteoporosis in otherwise healthy adults are thought to be 
inappropriate for dialysis patients, especially without benefi t of a bone biopsy [ 2 ]. Diagnosis of osteo-
porosis in CKD is more complicated since CKD-MBD may have similar manifestations [ 47 ,  48 ]. 
KDIGO suggests that patients in stages 1–3 with osteoporosis or high risk of fracture be treated in 
accordance with World Health Organization (WHO) recommendations for the general public. In stage 
3 with biochemical abnormalities of CKD-MBD, low bone mineral density (BMD), and/or fragility 
fractures, it is suggested that treatment choices be made with consideration of the magnitude and 
reversibility of the biochemical abnormalities and the progression of CKD. In stages 4–5D, routine 
use of antiresorptive agents is not recommended without a bone biopsy [ 2 ,  48 ].  

    Bone Biopsy 

 Bone biopsy is the most accurate diagnostic tool for determining bone lesions in CKD. All other 
assessment parameters should be compared to bone biopsy as the gold standard for assessing bone 
metabolism [ 1 ,  2 ]. Historically, bone biopsy has been viewed as signifi cantly invasive and potentially 
painful. Additionally appropriate sample processing techniques, expert interpretation, and standard-
ized reporting terminology have been lacking. As bone biopsy becomes more common, these limita-
tions may diminish. Biopsy with tetracycline labeling allows the classifi cation of bone pathology 
based on static and dynamic parameters that diagnose RO [ 11 ,  12 ]. Routine bone biopsy is not recom-
mended for CKD stage 5D patients unless the clinical picture or symptoms are inconsistent with the 
biochemical profi le [ 1 ,  2 ,  12 ].  

    Radiography, Pulse Pressure, and Electron Beam Computed 
Tomography 

 While X-rays provide limited information on CKD stage 5D-specifi c bone abnormalities, they do help 
in the assessment and identifi cation of extraskeletal calcifi cation and osteoporosis. Lateral abdominal 
X-rays are a simple low-cost way to detect vascular calcifi cation [ 2 ,  10 ]. Pulse pressure (PP) (the dif-
ference between systolic and diastolic blood pressure) has been shown to predict arterial stiffness, and 
cardiac calcifi cation contributes to arterial stiffness in CKD and dialysis patients. Increased pulse 
pressure in dialysis patients is also associated with increased mortality risk. PP may help identify 
CKD patients with subclinical CAC who need further evaluation. High PP indicates vessel wall altera-
tions that may lead to adverse outcomes [ 2 ,  10 ]. 

 Another method of identifying soft tissue calcifi cation is electron beam computed tomography 
(EBCT); however, EBCT is not routinely available. EBCT studies have shown that dialysis patients 
have coronary artery calcium scores that are severalfolds higher than individuals without CKD [ 2 ,  10 ].  
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    Bone Mineral Density 

 BMD is most commonly measured by dual X-ray absorptiometry (DEXA). This procedure measures 
the mineral content and the density of the bone but does not provide information about bone turnover 
and does not correlate well with bone histology or identify the type of lesion in CKD stage 5D [ 48 ]. 
The KDOQI/KDIGO bone and mineral work groups did not fi nd evidence that BMD was helpful in 
guiding therapy for CKD-MBD, except for the evaluation of osteoporosis and in patients who have 
fractures [ 2 ].  

    Biochemical Markers of Bone and Mineral Metabolism in CKD 

 With some limitations, a number of biochemical parameters can assist in the diagnosis and manage-
ment of CKD-MBD. Much of the current research is focused on correlating specifi c biochemical 
parameters to bone biopsy, thus enhancing their clinical value. Concomitant, serial monitoring of 
several biomarkers is useful. These include total serum calcium, corrected calcium, serum phospho-
rus, alkaline phosphatase, and plasma PTH [ 1 ,  2 ,  10 – 12 ]. 

 Ionized calcium is the fraction of blood calcium that is critical to physiologic processes. It is more 
diffi cult to accurately measure than total calcium but is the most indicative of an individual’s true 
calcium status. Routine monitoring of total calcium over ionized calcium is recommended because it 
is usually more reproducible, less costly, and adequate, especially in the presence of normal plasma 
proteins [ 2 ,  10 ,  49 ]. 

 Total calcium may underrepresent ionized calcium in protein-compromised patients. Since a sig-
nifi cant portion of serum calcium is bound to protein, predominately albumin, it has been suggested 
that correcting total calcium for low albumin may more accurately estimate ionized calcium. Adjusting 
total calcium downward in patients with normal albumin levels greater than 4.0 g/dL is questionable 
at best [ 10 ]. A myriad of formulas have been proposed to make this correction. Most major renal labo-
ratories correct total calcium for low measured albumin, and while recent data does not show any 
superiority of using corrected calcium over total calcium alone, the KDIGO bone and mineral work 
group did not recommend abandoning this practice [ 2 ]. 

 High serum calcium is associated with bone abnormalities as well as morbidity and mortality in 
CKD patients on dialysis [ 1 ,  6 ,  10 ]. KDIGO recommends maintaining serum total calcium within the 
laboratory reference range but does not provide goals or limitations for dietary calcium or calcium 
from phosphate binders [ 2 ]. The guidelines do suggest that hyperphosphatemia be treated with phos-
phate binders and that the choice of binders be made while considering the stage of CKD, the presence 
of other CKD-MBD complications, concomitant therapies, and the side effect profi les. Additionally, 
it is suggested that calcium-based binders be limited in the presence of recurrent hypercalcemia [ 2 ]. 
After an exhaustive review of the literature, the Institute of Medicine recognized that excessive cal-
cium intake can lead to hypercalcemia, hypercalciuria, vascular and soft tissue calcifi cation, nephro-
lithiasis, prostate cancer, interactions with iron and zinc, progression of CKD, and constipation. It is 
noted that excessive calcium intake is rarely from foods alone but is more likely to be from supple-
ments and calcium-fortifi ed foods. The report notes that those with CKD may be more sensitive or 
susceptible to the effects of excess calcium or vitamin D intakes. Thus, it is reasonable for those with 
CKD to avoid total calcium intake above the upper tolerable limit. The NIH tolerable upper limits for 
elemental calcium based on life stages for those without CKD can be found in Table  15.4  [ 50 ].

   Phosphorus, one of the most common chemical elements in the body, is involved with a wide variety 
of metabolic and enzymatic processes. It circulates and is measured as phosphate ions in the serum but 
is usually reported as elemental phosphorus concentrations [ 12 ]. Concentration of phosphorus in the 
serum varies signifi cantly depending on the time of day and recent dietary phosphorus intake. This may 
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help explain the signifi cantly high and variable levels seen in individual CKD patients. Fasting phos-
phorus measures are ideal but unlikely in chronic dialysis patients. Falsely high levels may be due to 
breakdown of blood cells if specimens are processed incorrectly [ 11 ]. Chronic hyperphosphatemia is 
associated with bone and mineral abnormalities, worsening SHPT, as well as morbidity and mortality 
[ 1 ,  2 ,  6 ,  51 ]. Hyperphosphatemia is also aggravated by severe SHPT, where bone phosphorus is 
released directly into the blood and is unavailable to phosphate binders [ 11 ]. KDIGO suggests main-
taining serum phosphorus in the normal reference range for stages 3–5 and lowering elevated phospho-
rus toward the normal reference range in stage 5D [ 2 ]. Methods for control of serum phosphorus 
include dietary modifi cation, adequate dialysis, and the use of phosphate binders [ 1 ,  2 ,  12 ,  51 ]. 

 Calcium and phosphorus product has predictive power for abnormal mineral metabolism, morbid-
ity, and mortality [ 6 ,  7 ]. However, KDIGO recommends evaluating the individual values of serum 
calcium and phosphorus together rather than using the mathematical construct of calcium times phos-
phorus [ 2 ]. 

 PTH is an important biomarker for the evaluation of CKD-MBD even though there is a lack of 
standardization of assays to measure serum levels. Additionally, serum levels change quickly in 
response to changes in ionized calcium, and it is possible to see wide variations in the values from 
measurement to measurement. KDIGO recommends using trends rather than single values to guide 
therapy [ 2 ]. PTH plays a critical role in the regulation of mineral and bone homeostasis, and its secre-
tion is regulated by serum ionized calcium. Levels of phosphorus and vitamin D also affect synthesis 
and secretion of PTH. There are some studies that relate intact PTH (iPTH) levels to various states of 
bone turnover. Malluche et al. and others have found signifi cant predictive power for high-turnover 
bone state at iPTH level >400–500 pg/mL [ 12 ], and low-turnover bone state is highly likely when 
iPTH levels are <100 pg/mL [ 11 ,  12 ]. However, when the iPTH is lower than 100 or greater than 
500 pg/mL, a defi nitive diagnosis requires a bone biopsy [ 1 ,  11 ,  52 ]. There are inconsistencies in 
published data correlating PTH levels to bone turnover. Qi et al. found that PTH failed to predict bone 
turnover in 30 % of HD patients and 51 % of PD patients [ 52 ]. Based on available evidence, KDIGO 
suggests maintaining iPTH between 2 and 9 times the upper reference level. Additionally, it is sug-
gested that signifi cant changes even within that range should trigger evaluation and intervention to 
avoid those extremes [ 2 ]. 

 Biologically active PTH (1-84) polypeptide is synthesized and secreted by the parathyroid cells. 
However, along with 1-84 PTH, varied PTH fragments are released. As previously discussed, many 
factors modulate PTH gene expression, PTH production, PTH secretion, and parathyroid cell prolif-
eration [ 52 ]. Calcium is the primary determinant of minute-to-minute PTH secretion, whereas cal-
cium, FGF23, phosphorus, and vitamin D levels regulate PTH production and cell proliferation. The 
1-84 molecule is degraded into smaller fragments within minutes of release [ 11 ,  23 ]. This degradation 
is modulated by parathyroid cells and the serum calcium concentration. Thus, when serum calcium is 
low, PTH degradation decreases, and when calcium is high, PTH breakdown increases. PTH frag-
ments have varying half-lives [ 52 ]. They also have diverse biologic activity on PTH receptors. 
Elimination of PTH fragments is primarily through glomerular fi ltration and tubular degradation; 
therefore, they accumulate in CKD. These variable circumstances have generated questions regarding 
the predictive value and interpretation of plasma iPTH [ 11 ,  52 ,  53 ]. 

   Table 15.4    Tolerable upper limits for calcium 
by age range   

 Age  Males (mg)  Females (mg) 

 9–18  3,000  3,000 
 19–30  2,500  2,500 
 31–50  2,000  2,500 
 51–70  2,000  2,000 
 >70  2,000  2,000 

  Data from [ 50 ]  
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 It is known that iPTH assays capture both 1-84 and other fragments. The metabolic signifi cance of 
PTH fragments is not fully understood. The action of the largest known PTH fragment (7-84) may 
oppose the action of the 1-84 molecule and contribute to the PTH resistance seen in CKD stage 5D. 
Bio-intact or whole PTH assays that capture the 1-84 PTH are generally about 50 % lower than iPTH, 
but KDIGO does not recommend routine use of these assays [ 2 ,  53 – 55 ]. In general, results from these 
two generations of assays are highly correlated across a wide spectrum of PTH concentrations, but indi-
vidual patient correlations may vary. Further research is needed to fully elucidate the opposing action of 
PTH fragments and to correlate second-generation assay results to bone histology [ 2 ,  54 – 57 ]. 

 The normal range of iPTH, 10–65 pg/mL (1.1–7.15 pmol/L), refl ects normal bone turnover in 
those without CKD. In CKD, with progressive skeletal resistance to PTH, normal bone turnover more 
closely correlates with higher plasma iPTH levels. Thus, a normal PTH is not normal in CKD patients 
on dialysis. On the basis of observational studies, the KDIGO work group considered that levels less 
than two or greater than nine times the upper normal limit for the PTH assay in use represent extreme 
ranges of risk [ 2 ]. 

 Alkaline phosphatase (AP) can also add information about the state of bone turnover [ 2 ]. AP is an 
isoenzyme that is produced primarily in the liver and by osteoblasts in the bone. Other sites of AP 
production are the intestines, placenta, and kidneys, although these sources contribute negligible 
amounts under normal conditions. With normal liver function, AP is a useful indicator of bone cell 
activity. Most research indicates that in CKD, elevated serum AP levels are due to bone AP and cor-
relate with other markers of high-turnover bone disease [ 57 ]. The KDIGO guidelines suggest using 
total AP as an adjunct test to PTH in providing information about the state of bone turnover, particu-
larly when PTH levels are high [ 2 ]. Parallel consideration of AP with PTH has the potential to increase 
the predictive power of PTH; however, the specifi city and sensitivity for identifying RO with AP alone 
or together with PTH have not been fully demonstrated [ 2 ]. 

 Bone-specifi c AP (BSAP) is the fraction of AP that is generated by the osteoblasts. BSAP corre-
lates well with iPTH and other indices of SHPT. However, the KDIGO bone and mineral work group 
did not fi nd evidence that BSAP adds signifi cant information above the total AP measurement in CKD 
patients when liver function is normal [ 2 ,  10 ]. 

 In the past, aluminum exposure was a complicating factor in CKD-mineral and bone disorder. 
Primary causes of aluminum toxicity have been eliminated; thus, serum aluminum is measured less 
frequently than in the past. Measures of serum aluminum refl ect recent aluminum exposure and the 
potential for accumulation. They may identify hidden sources of aluminum to which a patient is 
exposed. Serum levels of aluminum should be <10 μg/L [ 10 ]. In CKD patients on dialysis, serum 
aluminum levels of >60 μg/L have notable specifi city, sensitivity, and predictive value for the diagno-
sis of aluminum-related bone disease [ 1 ,  2 ].  

    Treatment of CKD-MBD 

 Evidence-based practice guidelines serve to promote standardized, best practice management of bone and 
mineral abnormalities as a way to improve patient outcomes. They are meant to help clinicians in deci-
sion making, but not to dictate practice or set absolute standards. KDIGO found a paucity of high- quality 
evidence to support generally accepted practice patterns for the treatment of CKD-MBD. The KDIGO 
clinical practice guidelines for bone and mineral disorder allow fl exibility for clinicians to apply those 
guidelines and recommendations based on evaluation of an individual patient’s status and needs [ 2 ]. 

 Treatment approaches are intended to normalize FGF23, phosphorus, and calcium and to optimize 
PTH levels for normal bone turnover while minimizing complications such as extraskeletal calcifi ca-
tion. The evidence that achieving very specifi c target ranges of these biochemical markers will abso-
lutely alter hard outcomes is lacking [ 2 ]. However, it seems reasonable to keep the levels as close to 
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normal as possible to prevent or reduce progression of CKD-MBD. The following treatment options 
are available for the treatment of CKD-MBD [ 2 ,  10 – 12 ]:

•    Limit dietary phosphate intake while providing adequate protein.  
•   Avoid sources of inorganic phosphate (highly bioavailable), such as food additives.  
•   Optimize renal replacement therapy (adequate dialysis).  
•   Prescribe and titrate phosphate binders as needed to prevent or minimize abnormal levels of 

 CKD- MBD biomarkers including serum phosphorus.  
•   Limit calcium-based binders in patients who have recurrent hypercalcemia, low iPTH, or indica-

tions of soft tissue calcifi cation.  
•   Evaluate elemental calcium intake, and do not exceed the NIH tolerable upper limit for calcium. 

Monitor the patient for signs of hypocalcemia and supplement calcium if symptoms are present.  
•   Prescribe and titrate calcitriol or its analogs to control PTH, but alter doses if hypercalcemia or 

hyperphosphatemia occurs.  
•   Prescribe and titrate calcimimetics to control PTH while maintaining serum calcium and/or phos-

phorus within acceptable ranges.  
•   Attempt to achieve PTH levels that have the potential to promote normal bone turnover, avoiding 

the extremes of less than two or greater than nine times the upper limit of the assay being used.  
•   Educate patients on all aspects of bone and mineral management including the rationale for various 

treatments and the consequences of nonadherence.  
•   Consider parathyroidectomy (PTX), if all other treatments fail or surgery is deemed most appropri-

ate for the patient.  
•   Above all consider the effects of various therapies and weigh the risk-to-benefi t profi les.     

    Dietary Modifi cation 

 Modifying dietary phosphorus can be a challenge when combined with meeting protein needs for 
those on dialysis [ 1 ,  2 ]. Primary food sources of organic dietary phosphorus are phosphorus protein- 
rich foods such as dairy products, meat, poultry, eggs, fi sh, legumes, and nuts. Food additives supply 
signifi cant amounts of inorganic phosphorus. Typically about 30–60 % of organic phosphorus is 
hydrolyzed in the gastrointestinal tract and then absorbed into the circulation as inorganic phosphate 
[ 58 ,  59 ]. Absorption rates are affected by the digestibility of dietary nutrients and bioavailability of 
dietary phosphorus as well as the degree of activation of VDR in the GI tract. The presence of com-
pounds that bind phosphorus or interfere with GI absorption, such as phosphate binders, also affects 
absorption rates [ 60 – 62 ]. 

 A majority of the dietary phosphorus in the typical western diet comes from animal proteins which 
have a higher bioavailability than plant-based proteins. The phosphorus in animal proteins is easily 
hydrolyzed and readily absorbed [ 60 – 63 ]. The phosphorus-to-protein ratio is also quite variable [ 2 ]. 
Additionally, meat and dairy products often contain phosphate additives which add to the total phos-
phorus content. 

 While most fruits and vegetables have small amounts of organic phosphate, others such as plant 
seeds, nuts, and legumes are quite high in phosphorus [ 61 ,  62 ]. Plant-based organic phosphates, 
especially in beans, peas, nuts, and cereals, are generally in the form of phytic acid or phytate [ 61 –
 63 ]. Phytate is the primary storage form of both phosphate and inositol in plant seeds. The bioavail-
ability of plant-based organic phosphorus is limited, usually less than 50 %, because humans do not 
make phytase, the enzyme needed to degrade phytate. This complex renders plant-based, high-phos-
phorus foods less phosphatemic than animal-based protein sources. Despite reported high-phospho-
rus content of many plant protein sources in food composition databases, patients (mean GFR 32 mL/
min) who consumed a metabolic lab-prepared vegetarian diet (grain and soy based) for 1 week had 
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signifi cantly lower serum phosphate and FGF-23 levels than those consuming equivalent protein and 
calories in a meat- and dairy-based diet [ 64 ]. Thus, plant sources of protein may have lower phos-
phorus bioavailability than their in vitro-measured phosphorus content. More research is required to 
fully understand the variability of phosphate bioavailability and patient-specifi c absorption 
[ 58 – 64 ]. 

 While phosphorus from plant-based proteins is generally less available, there are exceptions such 
as leavened breads that contain yeast-based phytase. Probiotics may also enhance phytase-associated 
phosphorus release and availability. Processing techniques, such as soaking, germination, malting, 
and fermentation, reduce phytate content by increasing activity of naturally present phytase. Phytic 
acid also has potential to reduce the digestibility and utilization of protein and various minerals [ 61 –
 63 ]. One must also consider that plant-based proteins generally have a lower biologic value than ani-
mal proteins; thus, care must be taken to ensure adequate protein intake in CKD patients if shifting 
toward a diet of mainly plant derivative foods [ 63 ]. 

 Phosphorus, in its inorganic form, is the main component of any food additives and preservatives 
that are used to extend shelf life, improve color, retain moisture, and enhance fl avors of processed 
foods. Because the inorganic phosphorus in additives is not protein bound, the salts break apart and 
become readily absorbed in the GI tract. These additives are commonly used in processed foods, fro-
zen meals, enhanced meats, colas, snack bars, cereals, spreadable cheese, instant products, and many 
bakery products. Unfortunately, there is very little information to estimate the amount of phosphorus 
that is contributed by additives, nor is there a method to fully distinguish between organic and additive- 
based inorganic phosphorus that is contained in traditional foods. Inorganic phosphorus is estimated 
to be over 90 % absorbed, while about 40–60 % of animal-based phosphorus and even less plant- 
based phosphorus is absorbed in the GI tract [ 63 – 67 ]. 

 The IOM guidance for phosphorus intake, which has not been revised since 1997 and does not 
address the specifi c needs of CKD patients, provides an estimated average requirement of 580 mg/day 
and a recommended daily allowance of 700 mg/day for all adults [ 63 ]. The upper tolerable limit, 
4,000 mg/day, should not be approached even by those without CKD given recent information that 
associates high phosphate intake and cardiovascular disease in the general public. Since intakes 
exceeding metabolic requirements directly increase serum phosphate, it is important to advise CKD 
patients to avoid exceeding the recommended daily phosphorus allowance [ 68 ]. 

 Improving awareness of foods high in phosphorus and understanding differences in phosphorus 
absorption between animal, plant, and additive sources is essential for the dietitian [ 62 ,  63 ]. 

 Dietitians are key to patient education about the dangers of bone and mineral abnormalities in 
CKD. While there is little evidence for long-term success of educational interventions to improve 
serum phosphorus, several studies have shown at least short-term success. The extent to which 
dietitian- to-patient staffi ng ratios support intense CKD-MBD counseling is important. Phosphorus 
sources are an important educational topic along with making patients aware of inadequate food label-
ing and hidden phosphorus sources such as processed-food additives, which are underrepresented in 
nutrition labels and databases [ 2 ,  64 ,  65 ]. Signifi cant underestimations of phosphorus content by as 
much as 350 mg/day have been reported in Europe, Japan, and the USA [ 64 – 66 ]. Analysis of chicken 
products in the USA showed actual phosphorus contents exceeding those estimated from a nutrient 
database [ 60 ]. The use of additives that increase phosphorus by twofold or more, together with a lack 
of information on the nutritional label, has motivated nephrology dietitians to discourage manufactur-
ers’ indiscriminate use of phosphorus additives and to call for greater transparency regarding the 
phosphorus content of foods [ 60 ,  62 ]. While dietitians have taken an active role in treating hyperphos-
phatemia with phosphate binders, dietary counseling becomes an even more critical intervention con-
sidering the signifi cant contribution of food additives to the daily phosphorus load. 

 Calcium intake may also be modifi ed in CKD-MBD. While calcium content of the traditional 
“renal” diet is fairly low, calcium-fortifi ed foods may add to the daily calcium load. Calcium-based 
binders can also cause patients to exceed the upper tolerable limit of elemental calcium [ 69 ,  70 ].  
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     Phosphate removal on dialysis depends on the serum phosphorus concentration at the beginning of 
treatment, the ultrafi ltration rate, the dialyzer capabilities, as well as the frequency and duration of 
dialysis. The majority of phosphorus clearance takes place early in the treatment and is followed by a 
slow equilibrium from the intracellular compartment. While phosphorus removal continues through-
out the treatment, it is removed more slowly as serum concentrations decline. Patients who are unable 
to control serum phosphorus with a conventional dialysis schedule may benefi t from one or more 
extra days of dialysis [ 71 ,  72 ]. 

 A typical 4 h dialysis treatment, three times per week, does not maintain a net zero balance between 
phosphorus intake and clearance. Approximately 800–1,000 mg of phosphorus (2,400–3,000 mg/
week) is removed by high-fl ux dialysis each treatment [ 70 ,  71 ]. If the patient controls dietary intake 
to the recommended level of 800–1,000 mg/day, there is still a signifi cant positive balance of phos-
phorus which generally requires the use of phosphate binders. In severe SHPT, hyperphosphatemia 
may be aggravated by excessive bone turnover with the release of phosphorus directly into the blood. 
Thus, hyperphosphatemia may not always be due to dietary excess or binder nonadherence [ 2 ,  10 ]. 

 The most appropriate phosphate binders are patient specifi c and readily available. They must be 
well tolerated, without creating other problems or adding an excessive pill burden [ 1 ,  2 ]. Appropriate 
prescription of phosphate binders requires an assessment of dietary phosphate intake and titration of 
the dose to control serum phosphorus in the target range. Prior to each modifi cation of the binder pre-
scription, it is critical to assess patient adherence to that binder prescription. The binder dose should be 
titrated to the phosphate content of the meal(s) and include binders for additional sources of phosphate 
such as snacks. Commonly available phosphate-binding compounds can be found in Table  15.5 .

   The move toward more frequent and longer-duration dialysis holds great promise for ameliorating 
CKD-MBD [ 2 ,  72 ]. Patients who dialyze more frequently than three times per week and longer hours 
seldom have trouble controlling phosphorus, and some require supplementation. While phosphorus 
clearance is better with more frequent dialysis, phosphate binder doses may not change since many of 
these patients eat more heartily. 

 The KDOQI target range for serum calcium was based primarily on a consensus of expert opinion 
and retrospective studies that suggested potential for higher mortality with elevated serum calcium 
and phosphorus [ 1 ]. Upon reviewing the evidence, the KDIGO work group concluded that serum 
calcium should be maintained within normal limits for the laboratory [ 2 ]. Maintaining serum calcium 
in the target range involves regulating the calcium in the dialysate, as well as monitoring and modify-
ing the calcium load from the diet and medications such as calcium-based binders or antacids [ 73 ]. 
Many foods are fortifi ed with calcium and can signifi cantly add to the dietary calcium load. It is 
important that patients be made aware of calcium sources and recommendations for the daily elemen-
tal calcium load. 

 Generally, the use of 2.5 mEq/L dialysate calcium concentration minimizes the movement of cal-
cium from blood to dialysate or dialysate to blood [ 1 ,  2 ,  73 ]. With 3.5 mEq/L calcium dialysate con-
centrations, most patients have a positive fl ux of calcium. Conversely, lower concentrations of 
dialysate calcium promote negative calcium fl ux. As with phosphorus, the movement of calcium 
depends on serum levels, dialysate levels, and the duration of exposure to dialysate. Serum calcium is 
affected by calcium load, the presence of active vitamin D, and circulating PTH. Severe SHPT pro-
motes release of calcium from the bone, adding another source for hypercalcemia. Serum calcium 
may also be elevated when PTH levels are low and blood calcium is not being incorporated into the 
bone. Various retrospective studies suggest that elevated serum calcium levels may be associated with 
increased mortality [ 1 ,  6 ]. 

 Vitamin D products are commonly used to control PTH levels in CKD-MBD. Vitamin D, vitamin D 
analogs, and vitamin D derivatives are found in Table  15.6 . Each of these vitamin D products has 
specifi c structure and actions. Vitamin D doses are typically based on the elevation of plasma PTH. 

L. McCann



261

   Ta
bl

e 
15

.5
  

  A
va

ila
bl

e 
ph

os
ph

at
e 

bi
nd

er
 c

om
po

un
ds

 (
Pa

ck
ag

e 
In

se
rt

s)
   

 B
in

de
r 

so
ur

ce
 

 R
x 

 A
va

ila
bl

e 
fo

rm
s 

 C
on

te
nt

 (
m

in
er

al
/m

et
al

/e
le

m
en

t)
 

 Po
te

nt
ia

l a
dv

an
ta

ge
s 

 Po
te

nt
ia

l d
is

ad
va

nt
ag

es
 

 A
lu

m
in

um
 h

yd
ro

xi
de

 
 N

o 
 L

iq
ui

d,
 ta

bl
et

, 
ca

ps
ul

e 
 A

lu
m

in
um

 (
va

ri
es

 f
ro

m
 1

00
 m

g 
to

 >
20

0 
m

g)
 

 E
ff

ec
tiv

e,
 h

ig
h 

ph
os

ph
at

e-
bi

nd
in

g 
ca

pa
ci

ty
; v

ar
io

us
 f

or
m

s 
 A

lu
m

in
um

 o
ve

rl
oa

d;
 a

lte
re

d 
bo

ne
 m

in
er

al
 in

te
gr

ity
, 

de
m

en
tia

 
 C

al
ci

um
 a

ce
ta

te
 

 Y
es

 
 C

ap
su

le
, t

ab
le

t 
 25

 %
 e

le
m

en
ta

l C
a 2+

  (
16

9 
m

g 
el

em
en

ta
l C

a 2+
 /6

67
 m

g 
ca

p)
 

 E
ff

ec
tiv

e,
 p

ot
en

tia
lly

 b
et

te
r 

bi
nd

in
g 

ca
pa

bi
lit

y 
th

an
 C

aC
O

 3  
w

ith
 le

ss
 C

a 2+
  a

bs
or

pt
io

n 

 A
dd

s 
to

 C
a 2+

  lo
ad

; p
ot

en
tia

l f
or

 h
yp

er
ca

lc
em

ia
, s

of
t 

tis
su

e 
ca

lc
ifi 

ca
tio

n,
 a

nd
 P

T
H

 s
up

pr
es

si
on

; 
pr

es
cr

ip
tio

n,
 m

or
e 

co
st

ly
 th

an
 C

aC
O

 3 ;
 G

I 
sx

 
 C

al
ci

um
 c

ar
bo

na
te

 
 N

o 
 L

iq
ui

d,
 ta

bl
et

, 
ch

ew
ab

le
, 

ca
ps

ul
e,

 g
um

 

 C
on

ta
in

s 
40

 %
 e

le
m

en
ta

l C
a 2+

  
(2

00
 m

g 
el

em
en

ta
l C

a 2+
 /

50
0 

m
g 

C
aC

O
 3 )

 

 E
ff

ec
tiv

e,
 in

ex
pe

ns
iv

e,
 r

ea
di

ly
 

av
ai

la
bl

e 
 A

dd
iti

on
al

 C
a 2+

  lo
ad

 w
ith

 p
ot

en
tia

l h
yp

er
ca

lc
em

ia
, 

so
ft

 ti
ss

ue
 c

al
ci

fi c
at

io
n,

 P
T

H
 s

up
pr

es
si

on
; 

G
I 

sy
m

pt
om

s 
 C

al
ci

um
 c

itr
at

e 
 N

o 
 Ta

bl
et

, c
ap

su
le

, 
liq

ui
d 

 C
on

ta
in

s 
22

 %
 e

le
m

en
ta

l C
a 2+

  
 N

ot
 r

ec
om

m
en

de
d 

 C
itr

at
e 

en
ha

nc
es

 a
lu

m
in

um
 a

bs
or

pt
io

n 

 M
ag

ne
si

um
 c

ar
bo

na
te

 
an

d 
C

al
ci

um
 

ca
rb

on
at

e*
 

 N
o 

 Ta
bl

et
 

 A
pp

ro
x 

28
 %

 M
g 2+

 /to
ta

l M
g 

ca
rb

on
at

e 
an

d 
25

 %
 

el
em

en
ta

l C
a 2+

 /to
ta

l C
aC

O
 3  

 E
ff

ec
tiv

e;
 p

ot
en

tia
l f

or
 lo

w
er

 
ca

lc
iu

m
 lo

ad
 th

an
 

ca
lc

iu
m

-b
as

ed
 b

in
de

rs
 

 G
I 

sy
m

pt
om

s,
 p

ot
en

tia
l f

or
 h

yp
er

m
ag

ne
se

m
ia

 

 Se
ve

la
m

er
 H

C
l 

 Y
es

 
 C

ap
le

t 
 N

on
e 

 E
ff

ec
tiv

e;
 n

o 
ca

lc
iu

m
/m

et
al

; n
ot

 
ab

so
rb

ed
; p

ot
en

tia
l t

o 
re

du
ce

 
co

ro
na

ry
/a

or
tic

 c
al

ci
fi c

at
io

n 
co

m
pa

re
d 

to
 c

al
ci

um
-b

as
ed

 
bi

nd
er

s;
 r

ed
uc

es
 p

la
sm

a 
lip

id
 

 C
os

t; 
po

te
nt

ia
l f

or
 d

ec
re

as
ed

 b
ic

ar
bo

na
te

 le
ve

ls
; 

m
ay

 r
eq

ui
re

 c
al

ci
um

 s
up

pl
em

en
t i

f 
sy

m
pt

om
s 

of
 

hy
po

ca
lc

em
ia

 a
re

 p
re

se
nt

; G
I 

sy
m

pt
om

s 

 Se
ve

la
m

er
 c

ar
bo

na
te

 
 Y

es
 

 Ta
bl

et
s,

 p
ow

de
r 

 N
on

e 
 Sa

m
e 

as
 a

bo
ve

 
 C

os
t; 

m
ay

 r
eq

ui
re

 c
al

ci
um

 s
up

pl
em

en
t i

f 
sy

m
pt

om
s 

of
 h

yp
oc

al
ce

m
ia

 a
re

 p
re

se
nt

; G
I 

sy
m

pt
om

s 
 L

an
th

an
um

 c
ar

bo
na

te
 

 Y
es

 
 W

af
er

, c
he

w
ab

le
 

 25
0 

or
 5

00
 m

g 
el

em
en

ta
l 

la
nt

ha
nu

m
 

 E
ff

ec
tiv

e,
 c

he
w

ab
le

 w
af

er
s 

 Po
te

nt
ia

l f
or

 la
nt

ha
nu

m
 a

cc
um

ul
at

io
n 

al
th

ou
gh

 
ef

fe
ct

 is
 n

ot
 f

ul
ly

 e
lu

ci
da

te
d;

 G
I 

sy
m

pt
om

s 

  *S
om

e 
fo

rm
ul

at
io

ns
 o

f 
M

ag
ne

si
um

 C
ar

bo
na

te
 a

nd
 C

al
ci

um
 c

ar
bo

na
te

 w
ith

 e
xt

ra
 n

ut
ri

en
ts

 m
ay

 b
e 

pr
es

cr
ip

tio
n 

on
ly

  

15 Bone and Mineral Disorders



262

Calcitriol is the naturally occurring form of vitamin D hormone. It is used to treat hypocalcemia and 
SHPT and is available in oral and IV forms. It has been associated with hypercalcemia, partly due to 
increased gastrointestinal calcium absorption.

   Paricalcitol [19-nor-1,25(OH) 2 ] is a sterol derived from vitamin D 2 . It is missing a carbon-19 meth-
ylene group that is present in all natural vitamin D metabolites. Paricalcitol has been reported to have 
a lower calcemic effect through VDR selectivity at the tissue level of bone and intestine while having 
greater activity in the parathyroid tissue. Clinical trials have demonstrated the effectiveness of parical-
citol at controlling PTH [ 74 ,  75 ]. Additionally, it has been suggested that the use of paricalcitol pro-
vides a survival advantage over calcitriol [ 76 ]. 

 Doxercalciferol [1α-hydroxyvitamin D 2 ] is a prohormone that requires hepatic conversion to its 
active form, 1,25(OH) 2 D 2 . Doxercalciferol, IV or oral forms, has been shown to be clinically effective 
in controlling PTH in CKD patients [ 77 ]. 

 Dihydrotachysterol 2  (DHT 2 ) is one of the fi rst vitamin D derivatives used to treat CKD-MBD, but 
there are few convincing reports on its effi cacy and safety. It is available for oral administration in 
tablet and liquid forms [ 78 ]. There are several other vitamin D products that are used outside the USA 
which will not be discussed here but can be reviewed in the literature [ 78 ].  

    Nutritional Vitamin D 

 Navaneethan et al. performed a systematic review and meta-analysis of both observational and ran-
domized controlled trials in respect to vitamin D supplementation in CKD [ 79 ]. The prevalence of 
vitamin D defi ciency is well documented in the general public and increases with extremes of age, 
postmenopausal state, black race, women, and the presence of CKD. It is estimated as many as 80 % 
of those with CKD are vitamin D defi cient in some parts of the world. Although the kidneys are the 
primary site for hydroxylation of vitamin D to its active form, many other extrarenal conversion sites 
have been identifi ed, including the parathyroid gland. There is renewed interest in the use of calcifer-
ols to affect bone and mineral metabolism in CKD. The interest has been intensifi ed by studies dem-
onstrating nonskeletal benefi ts of vitamin D. An association between mortality and vitamin D 
defi ciency has been shown in those with CKD both before and after dialysis dependence. The obser-
vational and randomized controlled studies indicate that vitamin D supplementation improves bio-
chemical end points (increased 25(OH)D and 1,25(OH) 2 D levels, reduced PTH levels) without 
increasing the frequency of hypercalcemia or hyperphosphatemia. Like other interventions, future 
research will need to determine whether supplementation and improved biochemical end points trans-
late into better CV and skeletal outcomes in CKD [ 79 ,  80 ]. 

   Table 15.6    Vitamin D products (USA)   

 Product  Brand name  Format  Target CKD population 

 Calcitriol 1α,25(OH)D 3   Calcitriol generic  Oral, IV  Stages 3–5 
 First-generation D 3  molecule; chemically different 

from D 2  analogs 
 Rocaltrol ®  (Roche)  Oral  Stage 5D 
 Calcijex® (Abbott)  IV  Stage 5D 

 Doxercalciferol 1α (OH)D 2   Hectorol ®  capsules  Oral  Stages 3–5 
 Prohormone, activated by liver  Hectorol ®  (Sanofi )  IV  Stage 5D 
 Synthetic D2 
 Paricalcitol 1α (OH) 2  19-nor-D 2   Zemplar ®  capsules  Oral  Stages 3–4, 5D 
 Synthetic D2  Zemplar ®  (Abbott)  IV  Stage 5D 

  Package Inserts  
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 Vitamin D is not commonly found in plants and animal food sources except for oily fi sh. Most 
vitamin D is obtained through ultraviolet B radiation acting on the 7-dehyrdrocholesterol in the skin 
to form previtamin D 3  which is quickly converted to D 3 . Vitamin D 2  is similarly produced by solar 
irradiation of marine plankton or yeasts and molds. Because of the endocrine functions and the ability 
of mammals to synthesize vitamin D, it is not truly a vitamin but is a prehormone. 

 Vitamin D, whether ingested or derived from the skin, is hydroxylated to 25-hydroxyvitamin D  2  
or D 3  in the liver. 25-Vitamin D concentration in the blood is a reliable measure of vitamin D defi -
ciency because it is stable in the circulation and has a half-life of about 2 weeks. The major site of 
activation is the kidneys, but there are other sites of vitamin D activation, all of which are infl uenced 
by serum levels of PTH, FGF23, calcium, and phosphorus. The Institute of Medicine was charged 
with conducting a review of existing literature to determine the optimal intake of vitamin D and cal-
cium for the general public. There were pitfalls with each of the potential outcome measures (vari-
ability of PTH level and assays, fractures, calcium absorption) as well as a mixture of study designs 
without the ability to factor in the effect of sun exposure and seasonal variations. The IOM found a 
paucity of data demonstrating any causal benefi t of vitamin D for most health outcomes but suggested 
that most children and adults would have adequate vitamin D levels (20 ng/mL) with 600 IU/day for 
those between 1 and 70 years of age (800 IU/day for those over 70). Many have taken issue with this 
recommendation and suggest that it is too low. Vitamin D intoxication is rare in adults who are supple-
mented with 1,000–2,000 IU vitamin D daily. Hypercalcemia, the primary manifestation of toxicity, 
is generally not seen until vitamin D levels exceed 115–200 ng/mL (375–500 nmol/L). Without more 
defi nitive research, the IOM recommendations may be reasonable, but as clinicians we must consider 
individual patient characteristics that might dictate a different approach [ 79 ,  80 ].  

    Calcimimetics 

 Calcimimetics are a class of compounds that act on the CaSRs in the parathyroid cells. They lower the 
threshold for receptor activation by extracellular calcium ions and suppress PTH secretion. Unlike 
vitamin D products, calcimimetics reduce plasma PTH with either no change or a decrease in serum 
calcium and phosphorus levels. Cinacalcet HCl (Sensipar™) has been shown to be effective in lower-
ing PTH, even in patients who have been unresponsive to vitamin D due to gland hyperplasia. The 
action of cinacalcet is rapid with peak reduction of PTH levels in 2–6 h after administration. The drug 
is taken orally and is generally well tolerated [ 81 ,  82 ]. The pharmacologic actions of calcimimetics 
compared to vitamin D analogs can be found in Table  15.7 .

   With the potential decrease in serum calcium, it is important for patients to have normal serum 
calcium levels before starting calcimimetic therapy. Patient response to cinacalcet is varied, and bio-
chemical markers should be measured routinely; calcium and phosphorus should be checked within 

   Table 15.7    Actions of pharmacologic agents used to treat SHPT   

 Vitamin D/analogs  Calcimimetic 

 Acts on the genomic receptor  Acts of the cell surface receptor 
 Slow onset and recovery (days to weeks)  Rapid onset (minutes) and recovery (hours to days) 
 Inhibits PTH synthesis  Decreases serum levels of Ca 2+  and P 
 Potential for increasing serum Ca 2+  and P  Inhibits PTH synthesis and secretion 
 Little or no impact on hyperplasic/nodular glands  Inhibits gland hyperplasia 

 Can work even when glands are nodular 

  Data from [ 10 ,  71 ,  81 ]  
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1 week and PTH within 1–4 weeks after initiation of therapy. The initial dose is 30 mg/day with titra-
tion every 4 weeks up to a maximum dose of 180 mg/day (Product Insert). Cinacalcet can be used in 
conjunction with phosphate binders and vitamin D products to maximize treatment of CKD-MBD 
[ 81 – 83 ].  

    Alternative Dialysis Therapies 

 More frequent hemodialysis sessions and longer session lengths may offer improved phosphorus 
control and potentially improvements in bone and mineral status. An analysis of the Frequent 
Hemodialysis Network Daily and Nocturnal Trials examined the effects of treatment assignment on 
predialysis serum phosphorus and on prescribed dose of phosphorus binder. While frequent hemodi-
alysis did not have major effects on calcium or PTH, these trials showed that frequent hemodialysis 
helps control serum phosphorus and extended session lengths may allow more liberal diets and free-
dom from phosphorus binders. Of the therapies offered, more frequent, long nocturnal dialysis had the 
most profound effect and eventually required more than 40 % of patients to have phosphorus added to 
the dialysate to maintain normal serum P levels [ 84 ].  

    Patient Education 

 Patient education is a vital part of the long-term management of CKD-MBD. Adherence to treatment 
regimens depends partially on the patient’s understanding of their importance. While the ultimate 
choice of following the advice of the healthcare team resides with the patient, the clinical team must 
provide information at the level the patient can understand, utilizing a common message and varied 
teaching techniques.  

    Parathyroidectomy 

 PTX, subtotal or total, is an option for those patients who do not respond to medical or pharmaco-
logic management of SHPT [ 1 ,  2 ]. Postsurgical management of the patient is critical [ 85 ,  86 ]. With 
the sudden reduction in plasma PTH after surgery, fl ux of calcium and phosphorus into the bone can 
be remarkable. This condition is referred to as “hungry bone syndrome” which results in signifi cant 
hypocalcemia that requires close monitoring and often IV calcium and vitamin D administration 
[ 85 ,  86 ].  

    Treatment Options for Adynamic Bone 

 Patients with adynamic bone have an increased risk for fracture [ 2 ,  6 ], hypercalcemia, and extraskel-
etal calcifi cations. In dialysis patients with biopsy-documented adynamic bone or iPTH levels below 
100 pg/mL, bone turnover can be stimulated by allowing the iPTH to rise. This may be accomplished 
by decreasing the total calcium load, by lowering serum calcium, and/or by reducing or discontinuing 
agents that suppress PTH synthesis and secretion [ 31 ,  32 ].  
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    Summary 

 Whether treating biopsy-documented RO or CKD-MBD, identifi ed by abnormal biomarkers, bone 
and mineral abnormalities, or extraskeletal calcifi cations, the issues are complex. There have been 
signifi cant advances in the understanding of bone and mineral abnormalities in CKD patients, includ-
ing their signifi cant potential for increasing morbidity and mortality. Additionally, techniques for 
monitoring and treating these abnormalities continue to evolve. Improving patient outcomes requires 
early identifi cation of abnormalities and appropriate utilization of all the therapeutic options—nutri-
tional, pharmacologic, and dialytic to minimize the progression and complications of RO or CKD- 
MBD. Furthermore, successful management of bone and mineral abnormalities in CKD requires the 
full commitment and participation from the entire healthcare team, most importantly the patient.  

    Case Presentation 

 The patient is a 55-year-old male who has been on dialysis for 3 years. He has had a slow decline in 
urine output, and a recent collection shows that the output is now insignifi cant. He has been adherent 
to his dialysis and medication regimens. His bone and mineral parameters have been well controlled 
as shown in the history below with the following medications (Table  15.8 ):

   Considering KDIGO recommendations (assuming no fi nancial limits) and based on his most recent 
biochemical parameters, what course of action would you take? 

  Action 1: Evaluate phosphorus intake, counsel the patient, and increase binders as appropriate.  
  Action 2: Increase Hectorol dose by 1–2 μg per treatment.  
  Action 3: Start cinacalcet at 30 mg/day

 

Action 1 and 2 Action 1 and 3 Action 1 only

Action 2 only Action 3 only Action 2 and 3      .    

  Key  
 Based on KDIGO guidelines, the most appropriate actions are 1 and 2. His serum phosphorus is 

increasing, possibly from dietary intake and loss of urinary phosphorus clearance. His phosphorus 
intake should be evaluated and binders increased as appropriate to control the serum phosphorus 
toward the normal range. 

 The iPTH has had a signifi cant change even though it does not exceed either extreme limit (high or 
low). Additionally, the increased alkaline phosphatase suggests (in alignment with PTH) increased 
bone turnover. Additional suppression of iPTH is warranted to avoid the upper extreme level. 

   Table 15.8    Three Renagel per meal and 2 μg Hectorol per treatment   

 Date  Calcium (mg/dL)  Phosphorus (mg/dL)  Alkaline phosphatase  iPTH (pg/mL) 

 7/1/2011  8.8  4.5  92  215 
 10/4/2011  9.0  4.6  89  206 
 1/7/2012  8.9  4.8  102  243 
 4/5/2012  8.4  5.5  120  310 
 7/12/2012  8.2  6.0  130  430 
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 The serum calcium is below the level at which one should initiate cinacalcet. If the serum calcium 
was above 8.4 mg/dL, cinacalcet would be an appropriate action, with the potential to reduce the 
serum phosphorus and reduce the secretion of PTH.     
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    Introduction 

 Physical activity, or bodily movement that is produced by the contraction of skeletal muscles, is a key 
modifi able determinant of energy expenditure. In recognition of the important relationship between 
physical activity and nutrition (energy intake), recent nutrition guidelines from the US Department of 
Health and Human Services now include recommendations about physical activity [ 6 ]. Diet and physi-
cal activity should be considered together in order to determine calorie requirements and healthy intake 
to achieve the desired energy balance, whether it is neutral in order to avoid weight gain, negative to 
achieve weight loss, or positive to reverse malnutrition through weight gain and accretion of muscle.  
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 Key Points 

•     An overview of the role of physical activity and exercise to minimize health compromise in patients 
diagnosed with chronic kidney disease.  

•   Review of approaches to integrate more physical activity and exercise into regular routines among 
patients diagnosed with chronic kidney disease.    
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    Physical Activity, Exercise, and Their Classifi cation 

 Physical activity encompasses activities of daily living, recreational activities, and home maintenance 
and occupational activities. Exercise is a subset of physical activity that is planned, structured, repeti-
tive, and usually done with the intention to improve or maintain fi tness or strength. Intensity of exercise 
or physical activity is generally described as light, moderate, or vigorous, and these can be quantifi ed 
subjectively or objectively. In healthy individuals, the level of perceived exertion correlates with the 
heart rate, and therefore subjective designation can be helpful. Subjectively, light activity feels easy. 
Generally, the breathing pattern does not change noticeably and perspiration is not generated. In mod-
erate activity, the breathing rate increases, and there is often a light sweat after several minutes of activ-
ity. Individuals perceive moderate exertion as “somewhat hard” [ 7 ] or as a 5 or a 6 on a 0–10-point 
scale [ 8 ]. During vigorous activity, breathing is often deep and rapid, and sweating occurs relatively 
quickly, and the activity is perceived as hard or very hard or as a 7 or 8 on a 10-point scale. 

 In objective terms, physical activity is classifi ed as a function of energy expenditure, in units of 
metabolic equivalents (METs), where one MET is the energy expended at rest. By this metric, activity 
that requires less than 3 METs is considered light activity, activity that requires 3–5.9 METs is con-
sidered moderate, and activity that requires ≥6 METs is considered vigorous. Ainsworth and col-
leagues have developed a comprehensive list of categories and types of physical activities and their 
respective MET values and energy cost, and their compendium has received widespread acceptance 
as a resource for exercise and weight management programs [ 9 ]. 

 Exercise is also classifi ed by type as endurance (or aerobic) or resistance (or strengthening) exer-
cise. Endurance exercise involves repetitive, dynamic, and rhythmic use of large muscles and is the 
form of exercise that is most useful for improving cardiorespiratory fi tness or maximal oxygen con-
sumption (VO 2max ). Resistance exercise generally involves lifting weights (sometimes including the 
weight of the body) or moving the body against an externally imposed resistance (such as using a 
strength training machine or stretching elastic bands).  

    Benefi ts of Exercise in the General Population 

 Both endurance and resistance exercise are associated with health benefi ts in the general population. 
Specifi cally, endurance exercise has been linked to lower risk of overall and cardiovascular mortality 
as well as to reduced risk of outcomes including cardiovascular events and development of diabetes 
mellitus, hypertension, colon cancer, and depression [ 10 ]. Regular physical activity can also improve 
the control of hypertension and diabetes among those with established disease, increase bone density, 
improve symptoms of arthritis, and improve physical functioning among those with limitations. In 
addition, resistance exercise increases muscle size and strength, improves functioning, and can help 
older individuals remain independent in their activities of daily living. Balance exercises can prevent 
falls, and fl exibility activities such as stretching can help maintain freedom of movement [ 11 ]. 

 In light of all of the evidence of the benefi t of exercise and of a physically active lifestyle, the US 
Surgeon General developed a report on physical activity and health in 1996 [ 10 ], and more recently 
the US Department of Health and Human Services [ 8 ] and the American College of Sports Medicine 
together with the American Heart Association have issued updated guidelines and recommendations 
[ 12 ]. There is general consensus that people of all ages benefi t from regular physical activity [ 8 ,  10 ]. 
To promote and maintain health, all healthy adults need moderate-intensity aerobic (endurance) phys-
ical activity for a minimum of 30 min on 5 days each week or vigorous-intensity aerobic physical 
activity for a minimum of 20 min on 3 days each week [ 12 ]. Combinations of moderate- and vigorous- 
intensity activities can be performed to meet this recommendation, and additional benefi ts can be 
obtained by exceeding the minimum amounts of physical activity. In addition, adults will benefi t by 
performing muscle-strengthening activities at least twice each week. 
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 Although the Surgeon General’s recommendations were meant to apply to adults of all ages, the 
American College of Sports Medicine and the American Heart Association developed a set of physi-
cal activity guidelines specifi cally addressing older adults (>65 years) and individuals with chronic 
conditions [ 13 ]. These guidelines recognized that the goals of exercise might differ in these popula-
tions, shifting from prevention of disease and increasing life expectancy toward controlling chronic 
diseases, minimizing the biological changes of aging, reversing disuse syndromes, increasing mobil-
ity and function, assisting with rehabilitation from acute and chronic diseases, and maximizing psy-
chological health. These guidelines also highlighted the importance of considering the intensity of 
physical activity on a relative rather than an absolute scale since elderly individuals or those with 
“clinically signifi cant chronic conditions and/or functional limitations” [ 13 ] (such as chronic kidney 
disease) may perceive activities as moderate or vigorous even if they would be light activity for a 
younger, healthier individual. The recommendations to maintain an active lifestyle with at least 
30 min of moderate endurance activity on 5 or more days per week plus strengthening activities on 2 
or more days were identical to those for younger adults with the aforementioned caveat about relative 
intensity. In addition, the guidelines for older adults and adults with chronic disease include a recom-
mendation that older adults should perform activities that maintain or increase fl exibility on at least 2 
days each week for at least 10 min/day and that those at substantial risk of falls should perform exer-
cises designed to maintain or improve balance to reduce the risk of injury from falls [ 13 ]. Finally, the 
guidelines specifi cally address the need to increase activity gradually among those who are not ini-
tially active at recommended levels and state that for some older adults with low fi tness, gradual and 
safe increase in activity may necessitate several months of activity at less than target levels.  

    Potential Benefi ts of Increased Physical Activity Among Patients with CKD 

 Patients with end-stage renal disease are extremely inactive as a group, and inactivity is associated 
with lower survival in this population. In a study that enrolled 286 patients receiving maintenance 
hemodialysis, 59 % reported that they were not doing any physical activity beyond that needed for 
activities of daily living [ 14 ]. Only 12 % reported meeting recommended physical activity targets 
(30 min of physical activity on 3 or more days of the week). A recent US Renal Data System special 
study, the Comprehensive Dialysis Study, used the Human Activity Profi le [ 15 ] to assess physical 
activity among 1,642 patients newly initiated on dialysis [ 16 ]. Among the 1,547 patients who were 
ambulatory, Adjusted Activity Score (AAS), which is refl ective of usual daily activity, was remark-
ably low when compared to normative data from subjects, even within groups separated by age and 
sex (Fig.  16.1 ) [ 17 ]. Among men, the 75th percentile of activity for each age group was below the 25th 
percentile among healthy men of the same age. Women were even less active, with the 75th percentile 
for women on dialysis consistently below the 1st percentile for healthy women.

   The low level of physical activity among patients with ESRD is associated with low muscle mass, 
poor physical functioning, and higher mortality [ 18 ,  19 ]. Also associated with physical inactivity, 
patients with advanced CKD have low cardiorespiratory fi tness as measured by peak oxygen con-
sumption. A number of studies have reported on peak oxygen consumption among CKD patients, 
consistently demonstrating limitations, with maintenance dialysis patients usually approximately 
50–60 % of age-predicted norms [ 20 – 25 ], patients with stage 3–4 CKD similarly low [ 26 ], and 
patients who have received kidney transplants at approximately 70 % of age-predicted values [ 20 ]. 
Like sedentary behavior, low cardiorespiratory fi tness has been associated with higher mortality 
among ESRD patients [ 27 ]. Several studies have shown that exercise training can improve peak oxy-
gen consumption among patients with ESRD [ 28 – 32 ] and with advanced CKD not requiring renal 
replacement therapy [ 26 ,  33 ,  34 ]. However, patients with CKD do not generally achieve normal levels 
of exercise capacity even after exercise training, suggesting that inactivity is not the only cause of low 
fi tness in this population. 
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  Fig. 16.1    Human Activity Profi le scores among men and women in the Comprehensive Dialysis Study compared to 
norms for healthy individuals. Black boxes represent the 25th to 50th percentile;  gray boxes  represent the 50th to 75th 
percentile; lines above and below extend to the 9th and 1st percentile, respectively. In each fi gure, scores are shown by age 
group, beginning with age <40 and progressing by decade to age 70+. Within each age group, normative data is repre-
sented on the  left  and CDS participants’ data are plotted on the  right . Panels ( a ,  b ) show Maximum Activity Score (MAS) 
for men and women; panels ( c ,  d ) show Adjusted Activity Score (AAS) for men and women. From Johansen KL, Chertow 
GM, Kutner NG, Dalrymple L, Grimes B, Kaysen GA. Low level of self-reported physical activity in ambulatory patients 
new to dialysis.  Kidney Int , 2010;78(11):1164–1170. Reprinted with permission from Nature Publishing Group         
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Fig. 16.1 (continued)

 Peak oxygen consumption is closely linked to fi tness and has been widely studied in the general 
population and among individuals with CKD, but it has limitations. First, many patients with ESRD 
cannot perform the maximal treadmill testing or bicycle ergometry needed to measure exercise capac-
ity. Therefore, peak oxygen consumption may overestimate fi tness since only those who are healthy 
and active enough to perform the testing are measured. Second, it is diffi cult to quantify the impact of 
improvements in peak oxygen consumption of patients’ functioning. Other aspects of physical func-
tioning such as self-reported functioning, physical performance, and physical frailty may be more 
closely related to quality of life. 

 Muscle atrophy and muscle weakness are commonly associated with inactivity and have been 
observed among patients with CKD [ 35 ] (Fig.  16.2 ). Weakness and deconditioning in turn can lead to 
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poor self-reported physical functioning and poor performance on physical tasks. Indeed, when asked 
about their diffi culty in performing various tasks, maintenance dialysis patients report poor physical 
functioning [ 36 – 38 ], and they perform poorly when asked to do tasks such as walking, rising repeat-
edly from a chair, or climbing a fl ight of stairs [ 39 ]. Poor physical functioning has in turn been associ-
ated with higher mortality in the dialysis population and with worse outcomes following kidney 
transplantation [ 36 ,  40 ]. Both physical performance and self-reported functioning are correlated with 
physical activity among patients with ESRD based on questionnaire measures or direct measurement 
using accelerometry [ 18 ], supporting the possibility that physical inactivity is in part responsible for 
these impairments and raising the possibility that increasing activity could have benefi cial effects.

   Recently, the concept of physical frailty has been operationalized for study of outcomes among 
elderly community-dwelling individuals, and frailty has been shown to be associated with increased 
risk of disability, hospitalization, institutionalization, and death [ 41 ]. Low physical activity is one of 
the fi ve components of this defi nition of frailty, along with slow gait speed, weak grip strength, 
exhaustion, and weight loss. Meeting three or more of these criteria marks an individual as frail. 
Frailty itself and many of its components have been associated with kidney function. In the 
Cardiovascular Health Study, the cohort in which this frailty phenotype was fi rst developed, individu-
als with CKD were almost three times as likely to be frail as those with normal kidney function (OR 
2.85) [ 42 ], and this association persisted after adjustment for demographic characteristics, comorbid-
ity, and laboratory parameters such as hemoglobin and C-reactive protein (CRP; OR 1.5). In addition, 
some components of the frailty phenotype, such as tests of physical performance, correlate with GFR 
estimated using cystatin C, even at levels of eGFR above 60 m/min/1.73 m 2 , with worse physical 
performance associated with worse kidney function. Defi nitions of frailty based on self-reported func-
tioning rather than physical performance, which have also been shown to be associated with outcomes 
such as mortality and loss of independence [ 43 ] but may not identify the same individuals, have been 
applied in the setting of ESRD as well [ 44 ,  45 ]. Using these defi nitions of frailty, the majority of new 
dialysis patients are frail (67–73 %) even when the cohorts are not restricted to older individuals [ 44 , 
 45 ]. Frailty was associated with hospitalization and mortality among patients with ESRD to a similar 
extent as in cohorts of healthy community-dwelling elderly individuals. Moreover, frailty was associ-
ated with earlier initiation of dialysis [ 45 ], raising the possibility that the clinical presentation of 
frailty is interpreted as manifestations of uremia. 
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  Fig. 16.2    The cycle of physical inactivity and the potential of exercise to reverse it       
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 Although intervention studies in the CKD population have not yet addressed the potential revers-
ibility of frailty, they have demonstrated improvements in muscle strength and improved physical 
functioning. There have been at least 9 uncontrolled (time series) trials, 7 nonrandomized controlled 
trials, and 13 randomized controlled trials demonstrating that aerobic exercise training improves peak 
oxygen consumption among patients with ESRD by approximately 20 % on average [ 46 ]. Several 
studies have also documented improvements in physical performance measures such as gait speed, 
6-min walk, and sit-to-stand time [ 47 ] as well as self-reported physical functioning, usually based on 
Physical Component Summary score or Physical Function score of the SF-36 [ 47 – 50 ]. Although the 
evidence is less robust, several small studies in patients with nondialysis-dependent CKD have also 
shown improvements in VO 2peak  or maximal treadmill performance [ 33 ,  34 ,  51 – 55 ], physical perfor-
mance [ 56 ], and self-reported physical function [ 54 ]. These outcomes are benefi cial to patients in and 
of themselves, but it is possible that there could be additional benefi ts such as decreased hospitaliza-
tions, institutionalization, and mortality. Unfortunately, we are aware of no long-term physical activ-
ity interventions among patients with CKD targeting or documenting these outcomes. 

 In addition to the physical sequelae of inactivity, patients with all stages of CKD including those 
on dialysis and with transplanted kidneys suffer from a substantial burden of other chronic conditions 
that are potentially modifi able by participation in physical activity, such as hypertension, dyslipid-
emia, coronary artery disease, diabetes, and depression. Although the data to suggest that exercise 
improves these conditions comes mainly from studies in the general population, more and more evi-
dence is accumulating in the CKD population [ 57 ]. For example, exercise improved blood pressure 
control and symptoms of depression among patients on maintenance dialysis [ 58 ,  59 ] and ameliorated 
endothelial dysfunction [ 54 ], infl ammation [ 60 ], and oxidative stress [ 61 ] among patients with earlier 
stages of CKD. However, the benefi ts of exercise on outcomes such as cardiovascular events and 
mortality must still be extrapolated from the studies in healthy individuals. Nevertheless, the KDOQI 
Clinical Practice Guidelines for Cardiovascular Disease in Dialysis Patients include a set of guide-
lines related to physical activity (Table  16.1 ) and specifi cally state that “all dialysis patients should be 
encouraged by nephrology and dialysis staff to increase their level of physical activity” [ 62 ].

    Table 16.1    KDOQI guidelines about physical activity [ 62 ]   

 14.2  All dialysis patients should be counseled and regularly encouraged by nephrology and dialysis staff to 
increase their level of physical activity 

 14.2a  Unique challenges to exercise in dialysis patients need to be identifi ed in order to refer patients appropriately 
(e.g., to physical therapy or cardiac rehabilitation) and to enable the patients to follow regimens 
successfully. Such challenges include orthopedic/musculoskeletal limitations, cardiovascular concerns, 
and motivational issues 

 14.3  Measurement of physical functioning: 
 14.3a  Evaluation of physical functioning and reevaluation of the physical activity program should be done at least 

every 6 months 
 14.3b  Physical functioning can be measured using physical performance testing or questionnaires (e.g., SF-36) 
 14.3c  Potential barriers to participation in physical activity should be assessed in every patient 
 14.4  Physical activity recommendations: 
 14.4a  Many dialysis patients are severely deconditioned and therefore may need a referral for physical therapy to 

increase strength and endurance to the point where they are able to adopt the recommended levels of 
physical activity 

 14.4ai  Patients who qualify for cardiac rehabilitation should be referred to a specialist 
 14.4aii  The goal for activity should be for cardiovascular exercise at a moderate intensity for 30 min most, if not all, 

days per week. Patients who are not currently physically active should start at very low levels and 
durations and gradually progress to this recommended level 

 14.4b  Follow-up: 
 14.4bi  Physical functioning assessment and encouragement for participation in physical activity should be part of 

the routine patient care plan. Regular review should include assessment of changes in activity and 
physical functioning 

16 Physical Activity and Exercise



278

       Risks of Physical Activity 

 Of course, increasing physical activity is accompanied by potential risks, particularly among indi-
viduals whose functioning is poor and fi tness is low as is the case for many patients with CKD in 
whom risk of cardiovascular events is also high. The two major types of risk are musculoskeletal 
injury and cardiovascular events. There are no large studies on which to base estimates of risk among 
patients with CKD. In the general population, regular physical activity, particularly participation in 
vigorous exercise and sports activities, is associated with an increased incidence of activity-related 
injury. However, moderate physical activity also appears to confer some protection against injuries, 
likely through gains in neuromuscular control, balance, and muscle strength. Data from the 2000 to 
2002 National Health Interview Survey were used to address this question. Respondents were asked 
about injuries that occurred in the last 3 months and about their level of physical activity, which inves-
tigators then classifi ed as inactive, insuffi ciently active, or active. Greater leisure-time physical activ-
ity participation was associated with higher incidence of injuries related to sports or leisure-time 
activities. However, the incidence of non-sport and non-leisure-time activity injury episodes was 
greater among inactive individuals. The increase in injuries related to leisure-time activity as offset by 
a reduction in non-leisure-time activity-related injuries so that there was no signifi cant association of 
activity with overall (activity- and non-activity-related) injury [ 63 ]. 

 Similar to musculoskeletal injuries, risk of cardiovascular events such as myocardial infarction and 
cardiac arrest is greater during vigorous physical exertion. This is especially true among persons who 
are sedentary or who have coronary artery disease, which may be undiagnosed. The degree of increase 
in risk of an event during exercise is greater with higher intensity exercise and with lower habitual 
physical activity level. Individuals who exercise regularly do have a transient elevation in risk during 
and immediately after vigorous exercise, but they have a lower risk of exercise-related cardiac events 
and sudden death compared with sedentary people who suddenly begin exercising vigorously. 
Furthermore, it should be noted that physically active and physically fi t individuals have a 25–50 % 
lower overall risk of developing cardiovascular disease. 

 Patients with CKD are potentially at higher risk for both musculoskeletal and cardiovascular com-
plications of exercise than individuals without kidney disease. Muscle weakness, hyperparathyroidism, 
and CKD-MBD in general may place patients at greater risk of fracture and spontaneous tendon 
 ruptures. Nevertheless, most musculoskeletal injuries related to physical activity are preventable by 
gradually working up to a desired level of activity and by avoiding excessive amounts of activity. 
Similarly, it is possible that the risk of exercise-related cardiovascular events is higher among patients 
with CKD than among those with normal kidney function because of the high prevalence of known 
cardiac disease and risk factors for cardiac disease. However, the Surgeon General’s report emphasizes that 
the net effect of regular physical activity is a lower risk of mortality from cardiovascular disease [ 10 ]. 

 There are some steps that can be taken to minimize the risks of exercise and thereby maximize the 
net benefi t. The fi rst step is assessment. Patients should be screened for contraindications to exercise 
participation, which include a history of recent myocardial infarction or recent electrocardiogram 
changes suggestive of myocardial infarction, uncontrolled arrhythmia, unstable angina, third-degree 
heart block, severe symptomatic aortic stenosis, suspected or known aortic dissection, or acute pro-
gressive heart failure. Exercise should be deferred in patients with any of these conditions until they 
have resolved or until formal cardiac evaluations have been completed. Exercise is also not recom-
mended in the setting of uncontrolled hypertension with a systolic blood pressure >200 mmHg or 
diastolic blood pressure >120 mmHg. The second step, after contraindications have been excluded, is 
for sedentary individuals to begin exercising at moderate intensity and for short intervals.  
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    Approach to Prescribing and Promoting Physical Activity 
in the CKD Population 

 The KDOQI Clinical Practice Guidelines for Cardiovascular Disease in Dialysis Patients included a 
series of recommendations about physical activity (Table  16.1 ) [ 62 ]. A key element is the recommen-
dation that assessment and counseling about physical activity should be done by nephrologists or 
dialysis unit staff. The recommended target level of physical activity is 30 min of moderate activity 
on most days, in accord with the Surgeon General and American College of Sports Medicine/American 
Heart Association recommendations [ 10 ,  12 ]. Similar to the recommendations for older individuals 
and persons with chronic conditions, the KDOQI guidelines stress that patients should be started at 
low levels and gradually progressed to recommended levels. Unfortunately, however, a survey of 
nephrologists showed that most nephrologists do not counsel patients about physical activity [ 64 ]. 
Nephrologists cited lack of confi dence in their ability to discuss the topic as a major reason for not 
doing so. A follow-up survey after the publication of the KDOQI guidelines revealed very similar low 
rates of counseling [ 65 ], suggesting that the guidelines may not have been successful in increasing 
counseling by nephrologists. One possible reason is that although the guidelines provide specifi c 
physical activity targets, they do not address implementation, something nephrologists are reporting 
that they need. 

 The guidelines likely did not provide more specifi c information about exercise prescription because 
data specifi c to the dialysis or overall CKD population are limited. In particular there are few studies 
addressing how to increase physical activity levels, although one recent uncontrolled study demon-
strated that providing patients with pedometers to record their daily step counts may have led to an 
increase in steps per day over the 4-month intervention [ 66 ]. This is encouraging and suggests that mak-
ing patients aware of their limited activity may be one strategy that can lead to increase. It is tempting 
to speculate that combining this approach with basic counseling about the target levels of activity and 
the benefi ts of increased activity might produce even better results, but the small study of pedometers 
has not been replicated, and more comprehensive interventions would need to be prospectively tested. 

 Extrapolating from information available in persons without kidney disease, there are a number of 
options available to increase physical activity participation among patients with CKD. These include 
asking patients about their level of physical activity and about potential barriers to being physically 
active, educating them about the benefi ts of increasing physical activity, referring them for physical 
therapy or cardiac rehabilitation, and, for patients on dialysis, providing opportunities to participate in 
physical activity during dialysis (Fig.  16.3 ).

   First, being asked about physical activity by a healthcare provider provides an indication to patients 
that this is an important aspect of their medical care. Furthermore, if providers get in the habit of ask-
ing about activity on a regular basis, patients’ responses particularly about changes in activity can be 
useful information for clinicians, with a reduction in physical activity potentially signaling a worsen-
ing in health status or the onset of depression, for example. Second, nephrologists can educate patients 
about the potential benefi ts of exercise, which will further reinforce its role in their care. A detailed 
exercise guide specifi cally designed for patients on dialysis is available at no cost online through Life 
Options, a program of research-based education and outreach that aims to improve quality of life 
among patients with kidney disease [ 67 ]. The booklet contains information about the benefi ts of regu-
lar exercise but also includes specifi c information about how to get started on an exercise program. 
Nephrologists can refer patients to the Life Options website, or they can download the booklet at no 
charge and provide it to patients directly. Of note, the website also provides exercise reference mate-
rial targeted toward nephrologists, including  Exercise for the Dialysis Patient :  A Guide for the 
Nephrologist  and  Exercise for the Dialysis Patient :  A Prescribing Guide . In addition, there are a mul-
titude of Internet-based sources of exercise information directed at the general public or at older 
individuals, which are provided by such organizations as the Centers for Disease Control and 
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Prevention (  www.cdc.gov/physicalactivity/    ), the United States Department of Agriculture (  www.
cnpp.usda.gov/dgas2010-policydocument.htm    ), the American College of Sports Medicine (  www 
acsm.org/access-public-information/brochures-fact-sheets-brochures.    ,   www.acsm.org/access      -public                - 
information      /brochures-fact-sheets/fact-sheets    ), and Harvard School of Public Health (  www.hsph. 
harvard.edu/nutritionsource/staying-active/staying-active-full-story/    ). These resources are ideal for 
patients who are healthy except for kidney disease, but some patients may need additional help or 
support. Patients who are unable to walk, have diffi culty walking, or are weak can be referred to 
physical therapists for evaluation and for recommendations on how to increase strength and physical 
activity safely, and these services should be covered by Medicare or other insurance providers. Patients 
who have known or suspected heart disease or congestive heart failure can be referred for cardiac 
rehabilitation, an underutilized but clearly benefi cial option among patients with CKD [ 68 ], a large 
component of which is geared toward beginning an exercise program. 

 Finally, nephrologists can discuss the specifi cs of exercise with patients or can provide opportuni-
ties for physical activity participation during dialysis sessions for patients receiving in-center hemo-
dialysis. In-center exercise has been shown to be benefi cial and in some cases to improve the effi ciency 
of dialysis and reduce adverse effects such as hypotensive episodes and cramping [ 69 ]. Several authors 
have advocated exercise during dialysis because of the possibility of better adherence since it does not 
require additional time commitment from the patients and because it could reverse the forced inactiv-
ity inherent in dialysis that does not include exercise. However, although there are many programs 
outside of the United States that have successfully incorporated in-center exercise, the dialysis pro-
vider system in the United States does not lend itself easily to incorporating such activity during the 
dialysis treatment. Dialysis staff are often not enthusiastic about supporting dialysis-unit-based exer-
cise programs, citing concerns about lack of time and patient safety issues, including the diffi culty of 
maneuvering around exercise equipment in the event of a dialysis-related emergency [ 70 ,  71 ]. Staff 
safety is sometimes raised as a concern as well since there is a possibility of injury when moving 
bulky or heavy exercise equipment to facilitate patient participation while on dialysis. These barriers 

Develop an in-
center exercise

program

Prescribe exercise

Monitor physical activity as a
routine part of dialysis rounds

Refer eligible patients to physical therapy
or cardiac rehabilitation 

Educate patients about the benefit of physical activity
and recommend specific activities, usually walking

Routinely ask patients about physical activity participation and
encourage physical activity 

  Fig. 16.3    The pyramid of provider intervention to increase physical activity among patients with CKD       
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are effectively insurmountable in the absence of strong physician and unit leadership support of exer-
cise and a designated staff member or members to manage the prescription and monitoring of exercise. 
Although very few dialysis facilities in the United States currently have the resources to provide an 
on-site exercise program, this should not preclude encouragement of exercise outside of the dialysis 
setting. In addition, because patients on home dialysis, those with CKD not requiring dialysis, and 
those who have received kidney transplants are also in need of exercise counseling, nephrologists 
should develop mechanisms to provide information to patients about how to become more physically 
active as part of their lifestyle. 

 The most important principle when recommending that patients increase their level of physical 
activity is to encourage them to start slowly and to increase the intensity and duration of their activity 
gradually. A major potential impediment to exercise counseling by physicians and to beginning an 
exercise program for patients is the idea that exercise must be vigorous to be benefi cial. Recent evi-
dence is accumulating that although more may be better, even a little is good, and this concept should 
be heavily emphasized when discussing physical activity with patients with CKD. The old idea of “no 
pain, no gain” should be abandoned, and patients should be specifi cally advised to start at a level that 
can be accomplished without pain. It is also important to recognize that many patients will need to 
start with a shorter duration of activity and build up to 30 min/day and that moderate exercise should 
be defi ned relative to an individual’s level of fi tness rather than in absolute terms. Thus, patients 
should be advised to walk at a speed that they perceive as “somewhat hard” to “hard” but not “very 
hard” for as long as they can manage rather than told to walk at a particular speed or for a specifi c 
distance (recommendations that are diffi cult to follow in any case). Similar principles apply to other 
types of physical activity such as bicycling, but walking is the most easily prescribed activity because 
it is generally safe, there is no need for special equipment, it can be done anywhere, intensity can be 
varied, and it can be monitored by time, distance, or number of steps. In addition, there is specifi c 
evidence for the benefi t of walking based on several long-term cohort studies, such as the Nurses’ 
Health Study [ 72 ], the Harvard Alumni Health Study [ 73 ], the National Health Interview Survey [ 74 ], 
and the Women’s Health Initiative [ 75 ]. 

 A key component of any successful exercise program is monitoring. Nephrologists or dialysis facil-
ity staff could help patients monitor their activity even without instituting a unit-based exercise program 
by routinely asking patients about the time spent in physical activity and the intensity of the activity. 
Progression to recommended levels could be facilitated in this way, with the fi rst goal to increase the 
duration of exercise to at least 20 min per session and preferably 30 min. This should be done gradually, 
with an increase of 1–2 min per session per week as tolerated. After a 20–30-min duration has been 
achieved, patients can be encouraged to increase the intensity of the activity. In the case of walking, this 
can be accomplished by increasing speed, adding uphill segments to the route, or by carrying weights 
or wearing ankle weights, although weights should not be added until and unless patients have fi rst 
increased their speed to a brisk pace. Most patients should not be encouraged to increase their speed to 
the point of jogging because jogging may increase the chances of injury. In addition to advising patients 
to target a level of exertion that they perceive as somewhat hard or hard, they should be told that exer-
tion should not be so strenuous that it is very hard or that they cannot talk during exercise. 

 In addition to aerobic activity, physical activity guidelines also recommend that older adults per-
form activities that maintain or increase muscular strength and endurance on at least 2 days/week in 
order to promote and maintain their health and physical independence. This can be accomplished 
through progressive weight training, weight-bearing calisthenics, or similar resistance exercises that 
use major muscle groups. The general principle of starting small and increasing gradually applies to 
strength training as well as to aerobic exercise. The starting weight should be one that can be lifted at 
least 10–15 times at a level of exertion that is moderate, and the weight may be different for different 
muscle groups. Because it may be more diffi cult for nephrologists to discuss and monitor the specifi cs 
of resistance training than walking exercise, the option of a physical therapy referral for detailed 
instructions should be strongly considered. Physicians can then reinforce progress by asking periodi-
cally and by re-referring if needed for progress assessments and updated recommendations. 
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 Physical activity guidelines also recommend that older adults also perform balance and fl exibility 
exercises to maintain mobility and prevent falls. Information about these exercises can be obtained 
from the Internet resources already mentioned, and a physical therapy referral is also a good way to 
assist patients in starting such exercises. 

 Unfortunately, physical activity participation is often interrupted because patients with CKD suffer 
from many comorbid conditions and become ill or require hospitalization frequently. Fitness declines 
rapidly during periods of bed rest, and patients can become discouraged by health-related setbacks. 
Physicians can help by acknowledging that these events are likely to occur and to be associated with 
losses in ability to exercise. Patients should be encouraged to repeat the process of initiating physical 
activity during recovery. They should fi nd a new comfortable level of exertion and duration of exercise, 
which may well be lower than previously tolerated activity, and should build gradually from there. 

 In summary, physician involvement increases the likelihood that patients will increase and sustain 
their level of physical activity. A study of patients on dialysis found that lack of encouragement from 
healthcare providers was a barrier to exercise participation [ 76 ]. Unfortunately, patients often receive 
overt or subtle messages from their physicians that they are not capable or interested in being active. 
Asking about and encouraging physical activity as part of our routine care for these patients sends an 
active message.  

    Case Study 

 A 67-year-old Caucasian female with ESRD secondary to diabetes who had been treated with hemo-
dialysis for 2 years was complaining of general fatigue and weakness. She had retired from offi ce 
work upon starting dialysis treatments, which were 3.5 h/session, 3 days/week. She tolerated dialysis 
well and had good adherence to her dialysis treatments and associated dietary recommendations. She 
had an AV fi stula in her left upper arm. She had history of shortness of breath with exertion before 
starting dialysis. 

  Symptoms : “I have been feeling really weak and tired recently. My leg muscles are weak and there 
are times when I am afraid of falling. I have diffi culty climbing stairs and lifting things. I would like 
to get stronger, since my husband’s health is not good, and we want to stay in our home as long 
as possible.”

 Height: 139 cm  Weight: 79.4 kg  BMI: 29.1 kg/m 2  
 Pulse: 85 beats/min  Blood pressure: 158/92 

    Medications : Darbepoetin, diltiazem, cinacalcet, multivitamins. 

  Laboratory values : Albumin, 3.8 mg/dL; hematocrit, 33.5 %; hemoglobin, 11.1 g/dL; kT/V, 1.8. 

    Physical Function Evaluation (Fig.  16.4 ) [ 1 ] 

     Physical activity history : The patient walks for normal daily needs but does nothing specifi c for exer-
cise. She has never been involved in any structured exercise program, never done any strengthening 
exercises (was given exercises by a physical therapist following ankle injury—10 years ago). She lives 
in a place where she can walk safely (sidewalks, minimal traffi c) and prefers walking exercise and is 
not interested in going to a gym or other location for her exercise. Her daughter has a stationary exer-
cise bike she can use during inclement weather. 

  Katz activities of daily living  [ 2 ]: Scored 4 out of 6 (diffi culty with carrying groceries and climbing 
one fl ight of stairs). 
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  Short physical performance battery  (SPPB) [ 3 ]: total score = 8 (scored from 1 to 12; <7 increases risk 
of disability in older individuals >70). 

  Four-meter gait speed : 0.8 m/s (<1.1 m/s indicates impaired mobility [ 1 ]; 1.29 is the average age/
gender comfortable gait speed [ 4 ]; thus, she is 62 % of age expected; 0.73 m/s is average in 60–69-year- 
old hemodialysis patients [ 1 ]). 

  Chair stands  (5 repetitions): 13.5 s (>13.7 s indicates impaired function [ 3 ]). 

  Six-minute walk distance : 451 m (<460 m indicates impaired mobility [ 1 ]; 505 m is average age- 
gender reported distance; thus, she is 89 % of expected). 

  Comments : Patient tolerated all testing well. 

  Physical activity goals : Improved muscle strength and endurance.

    1.    Short-term goals (1 month):

•    Walk around block three times continuously without stopping.  
•   Climb one fl ight of stairs without stopping.      

   2.    Long-term goals (6 months):

•    Walk up to 2 miles continuously.  
•   Climb one fl ight of stairs three times without stopping.       

  Fig. 16.4    Algorithm for routine evaluation and management of mobility limitation in CKD          
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      Recommended Activity 

    Patient is given the book:  Exercise :  A Guide for People on Dialysis  available free from   http://lifeop-
tions.org/catalog/    . This book has sample cardiovascular and strengthening exercises with complete 
illustrations and descriptions for progression and performing the exercises (Table  16.2 ).

       Follow-Up Evaluation (6 Months) 

  Activity participation : The patient reports regular walking 40–45 min for her exercise session, and she 
uses soup cans for weights for her arms and a resistance band for her leg exercises. She does her 
strengthening exercises 3 days/week. She purchased a step counter and has worked up to 7,500 steps/
day usually on her nondialysis days. She walks minimally on her dialysis days, although reports less 
fatigue if she walks instead of lying down when she gets home. She stopped her exercise for about 2 
weeks after a brief illness and was unsure when she should restart, but she started back gradually and 
has continued to progress. She reports increased strength in her legs and is able to climb stairs with 
minimal diffi culty. She still reports some diffi culty in lifting and carrying objects such as groceries.  

    Physical Function Testing 

  Katz activities of daily living score :  5 / 6  (still reports diffi culty lifting/carrying objects). 

  Short physical performance battery : total score = 10 (substantial change = 1.0 points [ 5 ]). 

  Four-meter gait speed : 0.92 m/s (increase of 0.12; substantial change = 0.10 m/s [ 5 ]). 

  Chair stand  (5 repetitions): 12 s (12 % improvement). 

  Six-minute walk distance : 539 m (change of 88 m: substantial meaningful change = 50 m [ 5 ]). 

   Table 16.2    Recommended activity   

 Mode  Frequency  Duration a   Intensity a   Progression 

 Walking 
(or cycling) 

 4–6 days/
week 

 Start with tolerated 
duration (i.e., 1 
block)—work up to 
40–60 min/session 

 Rating of perceived 
exertion between 
10 and 12 
(on a 6–20 scale) 

 Walk 1 block in fi rst week, 
increase by 1/2 block/week 
as tolerated 

 Strengthening 
exercises 

 3 days/week  1 set of 10–12 
repetitions for each 
exercise (focusing 
on lower extremity) 

 Initially using body 
weight as resistance 
for lower extremity 
(stepping, leg raises, 
progressing to use 
of resistance bands); 
upper extremity use 
resistance bands or 
hand weights 

 Start with as many repetitions 
as tolerated, then increase 
each session by 1–2 
repetitions until 10–12 
repetitions is tolerated, 
then increase the weight 
(resistance) and/or increase 
the number of sets 

 Flexibility 
(all major 
muscle groups) 

 4–6 days/
week 

 5–10 min  As instructed for each 
exercise 

   a Duration and intensity for cardiovascular exercise should include information on warm-up and cool down  
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  Recommendations : Continue with program progressing in intensity as tolerated. She may choose 
to work with the dietitian for guidance on reducing caloric intake for weight loss and increasing the 
distance (duration) of her walking may help with that effort.      
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    Background 

 Women with chronic kidney disease (CKD) who become pregnant during the early stages of the dis-
ease while undergoing chronic dialysis or after renal transplantation are all considered to be at high 
risk for complications. Hypertension is the most prevalent life-threatening maternal complication 
during pregnancy in all stages of CKD. There is also a greater risk for more rapid decline in kidney 
function for women who become pregnant with a serum creatinine greater than or equal to 1.4 mg/dL, 
and especially for those who have levels >2.0 mg/dL [ 1 ]. Women who become pregnant after a kidney 
transplant do not have an increased risk for loss of kidney function if the function includes a creatinine 
<1.5 mg/dL and <500 mg/24 h protein excretion [ 1 ,  2 ]. Immunosuppressive medications (especially 
cyclosporine), however, have been known to contribute to infants born small for gestational age. 
These medications have not been shown to increase abnormalities in the fetus, except for mycophe-
nolate mofetil, which is now believed to be teratogenic [ 3 ]. The incidence of premature birth also 
remains high for women during all stages of CKD [ 1 ]. 

 Fertility generally returns for women who have a good functioning kidney transplant, but otherwise 
women with CKD tend to become pregnant less frequently than those with normal kidney function. 
There is also found to be a signifi cant decrease in conception for women undergoing dialysis [ 1 ,  2 ]. 
Although it has been reported that the occurrence of pregnancy in the dialysis population has increased, 
pregnancy is still considered relatively uncommon [ 4 ]. 
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292

 When pregnancy does occur, only about 59 % of pregnancies that reach the second trimester result 
in positive outcomes [ 1 ]. This does represent improvement, however, and in efforts to continue these 
advances in pregnancy outcome, many challenges are presented to the team of nephrology profession-
als. The following discussion will focus primarily on the care of this specifi c population, including 
changes in the dialysis regimen, medications, and nutrition management, as they all impact on each 
other as well as on pregnancy outcome.  

    Confi rmation of Pregnancy 

 The confi rmation of pregnancy in women undergoing dialysis generally requires a pelvic ultrasound in 
addition to the blood test that measures levels of the β subunit of human gonadotropin (hCG). The ratio-
nale for the additional testing is that the kidney excretes small amounts of hCG produced by somatic 
cells, and in renal failure, this test can appear positive by usual standards [ 5 ]. Once pregnancy is con-
fi rmed, and the woman wishes to proceed, she should be referred to a high-risk obstetrics practice.  

    Dialysis Regimen 

 Intensive dialysis is a key component to successful pregnancy outcome for women undergoing dialy-
sis. The amount of dialysis is increased in efforts to mimic more normal kidney function during fetal 
development. It has been shown that at least 20 h of hemodialysis per week is associated with improved 
infant survival [ 1 ]. A minimum dialysis prescription of 24 h/week has recently been recommended [ 5 , 
 6 ]. The greater time commitment for the intensive dialysis is an important message to convey to 
women in this population as soon as a pregnancy is confi rmed, as it involves an alteration in lifestyle. 
It is also important to inform the patient at this time that she will be transferred to a hospital-based 
dialysis setting for fetal monitoring during the treatment once she reaches approximately 24 weeks’ 
gestation. 

 Recently, it has been observed that nocturnal hemodialysis (NHD) performed at home, in which 
individuals receive 3–4 times as much dialysis as conventional in-center HD (hemodialysis), may be 
the ideal modality for pregnant dialysis patients. This dialysis regimen has been associated with 
increased fertility, longer gestation periods with higher birth weights, and fewer complications for the 
mother and fetus [ 7 ]. Thus, women with advanced CKD contemplating pregnancy may be encouraged 
to seek a program offering this modality, if feasible. 

 As previously mentioned, hypertension can be a serious complication of pregnancy for women 
with CKD. Severe hypotension, on the other hand, may promote fetal distress [ 8 ]. More frequent 
dialysis will improve efforts to avoid potential hypertension due to volume overload and potential 
hypotension with the need to remove large volumes of fl uid during the treatment. 

 The content of the dialysate used for hemodialysis during pregnancy will vary depending on the 
amount of dialysis given as well as the mother’s dietary intake and levels of serum electrolytes, cal-
cium, and bicarbonate. It is recommended that frequent monitoring of all of these levels be done dur-
ing the pregnancy. With more dialysis, a higher potassium dialysate concentration (generally 
3.0 mEq/L) may be required to maintain normal serum potassium levels. The bicarbonate concentra-
tion of the dialysate may also need to be decreased due to the higher bicarbonate concentrations cur-
rently used. With more frequent dialysis and/or nausea and vomiting during pregnancy, the possibility 
of developing metabolic alkalosis exists [ 1 ]. 

 Even though the fetus requires 25–30 g of calcium for proper skeletal development, it is usually not 
necessary to increase the dialysate calcium content when calcium-containing medications are taken 
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and more frequent dialysis is given [ 9 ]. A standard 2.5 mEq/L calcium dialysate concentration is 
frequently used. There is also some production of calcitriol by the placenta, which makes it important 
to frequently monitor serum calcium levels to avoid hypercalcemia [ 8 ]. 

 There are case reports in the literature that discuss successful pregnancy outcomes for women 
undergoing peritoneal dialysis. More frequent exchanges with lesser volumes of instilled peritoneal 
fl uid are necessary as the pregnancy progresses to allow more intense dialysis with less abdominal 
discomfort [ 9 ]. One report utilizes tidal dialysis with the automated cycler machine to promote both 
comfort and increased dialysis clearance [ 10 ].  

    Energy and Protein Needs 

 Initial and ongoing nutrition assessment and counseling of the pregnant dialysis patient is very impor-
tant due to increased energy, protein, vitamin, and mineral needs for this population. It is recom-
mended that the dietitian meet with the patient to discuss an overview of nutritional needs as soon as 
possible after the pregnancy is confi rmed and she has agreed to follow through with it. Weekly follow-
 up using dietary recalls and/or food intake records to evaluate nutrition adequacy is suggested as well 
[ 11 ]. Also, collaboration with the dietitian at the hospital-based center where the patient will dialyze 
for the last few months of her pregnancy is recommended. 

 Generally, 35 kcal/kg/day of pregravida standard body weight (SBW) or adjusted SBW is pre-
scribed in the fi rst trimester, and 300 kcal/day is added to this value for the second and third trimesters 
(Table  17.1 ). Daily protein needs are generally at least 1.2 g/kg SBW plus 10–25 g/day for women 
undergoing hemodialysis and 1.2–1.3 g/kg SBW plus 10–25 g/day for those receiving peritoneal 
dialysis [ 12 ,  13 ]. It may be easier to meet these needs with liberalization of sodium, potassium, and 
phosphorus content due to the increased amount of solute removal with more dialysis. At times 
though, the mother may even require protein or calorie/protein supplements to attain her estimated 
energy and protein requirements. Generally, a regular commercial supplement may be used with 
increased dialysis time and more solute removal.

   Table 17.1    Nutrient recommendations for the pregnant dialysis patient [ 1 ,  6 ,  11 – 14 ,  18 ]   

 Energy  35 kcal/kg pregravida SBW + 300/day in second and third trimesters; may need a nutritional supplement 
to meet needs 

 Protein  1.2 g/kg pregravida SBW (and maybe more with intensive HD) + 10–25 g/day (HD) 
 1.2–1.3 g/kg pregravida SBW + 10–25 g/day (PD) 
 May need a nutritional supplement to meet needs 

 Vitamins   Folic acid —at least 2 mg/day; even 3–4 mg/day has been recommended—doubling a standard renal 
vitamin is generally advised 

  Vitamin D —analogs have been given, but not enough information on safety during pregnancy; 25(OH)D 
may be benefi cial 

  Vitamin A —not usually given, thus renal vitamins are generally given instead of prenatal vitamins 
 Minerals   Iron —usually given IV during dialysis (generally iron sucrose or gluconate) to achieve iron studies in goal 

range for general dialysis population; oral iron has been used, but not as well absorbed 
  Calcium —given as calcium acetate or carbonate to bind phosphorus or as calcium carbonate for a calcium 

supplement; keep in mind that there is increased absorption of calcium from dialysate with more 
frequent dialysis 

  Sodium ,  potassium, and phosphorus —can often be liberalized in the diet with more dialysis; phosphate 
binders may not be needed 

  Zinc —at least 15 mg/day recommended 

   SBW  standard body weight,  HD  hemodialysis,  PD  peritoneal dialysis,  IV  intravenously  
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       Vitamins and Minerals 

 Water-soluble vitamins are usually preferred over prenatal vitamins due to the need to avoid excess 
vitamin A for all individuals with CKD undergoing dialysis. With increased requirements for water- 
soluble vitamins during pregnancy, as well as increased losses anticipated with more intensive dialy-
sis, a standard renal vitamin containing 1 mg folic acid is often doubled. Folate defi ciency has been 
linked to neural tube defects in infants born to women without CKD; therefore, at least 2–4 mg of 
folic acid per day is recommended for pregnant women undergoing dialysis [ 1 ,  2 ,  14 ,  15 ]. Presently, 
there are renal vitamin preparations already containing greater than 1 mg folic acid and even added 
zinc, and these may also be used as long as they contain recommended amounts of other water-soluble 
vitamins during pregnancy. 

 Vitamin D analogs have been given intravenously during dialysis to pregnant women needing sup-
pression of the parathyroid hormone (PTH) and to maintain normal serum levels of calcium. There 
still does not seem to be defi nitive information available concerning whether these forms of vitamin 
D cross the placental barrier and, if so, whether they are safe relative to fetal development [ 2 ]. It may 
be benefi cial to provide supplements of 25(OH)D, as it does cross the placental barrier and can be 
utilized by the fetus [ 16 ]. Low levels of 25(OH)D have been associated with preeclampsia for preg-
nant women without CKD [ 17 ]. And, although not a vitamin, cinacalcet, a calcimimetic medication 
used for PTH suppression, is generally avoided due to lack of knowledge about its safety during 
pregnancy. 

 There are increased iron needs due to worsening anemia for all women during pregnancy. 
Intravenous iron in the form of iron sucrose has been given safely and effectively to pregnant patients 
during hemodialysis [ 18 ], based on goal ranges for serum levels of transferrin saturation and ferritin 
used in the general dialysis population. Ferric gluconate is also considered a category B drug in preg-
nancy which means that animal studies have not shown adverse effects when this drug is given during 
pregnancy and there are no adequate human studies available [ 1 ,  19 ]. It is important to mention, how-
ever, that in the later stages of pregnancy when anemia is worse, that 80–90 % of intravenous iron may 
be deposited in the fetus. Therefore, no more than 62.5–100 mg (depending on the iron preparation 
used) should be given at one time [ 5 ]. Although not as well absorbed, oral iron preparations have also 
been used instead of intravenous iron, either alone or in combination with a vitamin. 

 Zinc supplements are prescribed in the amount of at least 15 mg/day to prevent increased risks of 
fetal malformation, preterm delivery, low birth weight, and pregnancy-induced hypertension [ 11 ,  20 ]. 
Zinc may be included in some renal vitamins or provided as an added supplement. 

 Calcium-containing phosphate binders are generally given to the pregnant dialysis patient due to 
increased calcium needs of the fetus. There are no studies to evaluate the safety of using calcium 
acetate or calcium carbonate during pregnancy; however, these preparations have been utilized during 
this time [ 18 – 20 ]. They may be given with meals for phosphate binding (though serum phosphorus 
levels are often low due to intensive dialysis) or apart from meals primarily for calcium supplementa-
tion and if the serum phosphorus level is below goal range.  

    Weight Gain and Serum Albumin 

 Due to fl uid retention with CKD, it is diffi cult to determine actual solid body weight gain during 
pregnancy for women undergoing dialysis. It has been suggested that the pregnant dialysis patient’s 
estimated dry weight (EDW) be increased by 0.5 kg/week during the second and third trimesters, 
when most weight gain occurs [ 1 ]. More frequent treatments with gentle fl uid removal may help with 
this assessment, but a team approach involving regular collaboration with the dialysis technicians, 
nurses, physicians, dietitian, and patient is very important when determining true weight gain. 
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 The evaluation of adequate protein intake is also diffi cult, as the expected decrease of serum albu-
min during pregnancy is about 1 g/dL for women without CKD [ 21 ]. Recommendations are to con-
tinue weekly dietary recalls or records to assess daily protein intake.  

    Medications 

 Since blood pressure control is very important for the pregnant dialysis patient, goals are to keep 
measurements less than or equal to 140/90 mmHg. If there is no apparent fl uid overload but hyperten-
sion exists, medications are utilized. There are several antihypertensive agents considered safe during 
pregnancy including methyldopa, β-blockers, and labetalol. There is less experience using calcium 
channel blockers and clonidine, but these are likely to be safe as well. Angiotensin converting enzyme 
inhibitors (ACEIs) and angiotensin receptor blockers (ARBs), on the other hand, are contraindicated 
during pregnancy. When given late in the second trimester and during the third trimester, they have 
been linked to oligohydramnios, an ossifi cation defect in the fetal skull, dysplastic kidneys, neonatal 
anuria, and death from hypoplastic lungs [ 1 ,  9 ,  15 ]. 

 As mentioned previously, anemia is another complication during pregnancy, especially for women 
with CKD undergoing dialysis treatment. Epoetin alfa (Epogen, Amgen, Inc., Thousand Oaks, CA) 
given during dialysis has been used safely for this population, with no known congenital anomalies 
reported [ 5 ]. The dose frequently needs to be increased by 50–100 % as the pregnancy progresses to 
maintain a hemoglobin greater than or equal to 10–11 g/dL [ 1 ,  5 ,  9 ]. It has also been noted in the lit-
erature that darbepoetin alfa (Aranesp, Amgen, Inc., Thousand Oaks, CA) has been given successfully 
during pregnancy to women with CKD prior to initiating dialysis, when undergoing dialysis and fol-
lowing kidney transplantation [ 22 ,  23 ]. The need for blood transfusions during pregnancy for women 
undergoing dialysis has signifi cantly declined with the use of these medications [ 7 ].  

    Breastfeeding 

 There is not much in the literature regarding the safety or effi cacy of breastfeeding an infant born to a 
mother with CKD. The theoretical question is always whether the content of the breast milk will be 
high in urea and cause a diuresis in the infant that must be supplemented with extra water. Most 
women who plan to breastfeed decide not to once the infant is born, as the pregnancy has been so dif-
fi cult. Also, transplant patients have generally been advised against breastfeeding due to the antirejec-
tion medications they are taking. Some have elected to do so anyway, without noted problems (Susan 
Hou, MD, personal communication, 2/25/12).  

    Summary 

 Pregnancy for women who have CKD, especially for those undergoing dialysis, is a complex medical 
condition. The dietitian must realize the importance of ensuring that the patient is counseled and 
evaluated regularly to increase energy and protein in her diet to meet the needs of the developing fetus. 
The patient must also be guided to change her usual renal vitamin regimen to include adequate 
amounts of folate and other water-soluble vitamins that have signifi cance during pregnancy. The man-
agement of calcium, phosphorus, and vitamin D required may need to be modifi ed for the patient’s 
safety, and zinc will need to be supplemented as well. 
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 As mentioned previously, the management of a pregnant patient with CKD, especially if she is 
undergoing dialysis, requires a team approach involving nephrology and high-risk obstetrics healthcare 
professionals. Regular follow-up and communication are important to promote positive outcomes.  

    Case Study 

 CD is a 25-year-old African-American female with ESRD due to glomerulonephritis. She initiated 
hemodialysis with a regimen of 3½ h, three times per week, as she did have a daily urine output of 
approximately 700 cc at that time. Eight months later, she reported that her last menses was more than 
2 months prior. A pregnancy test, beta-human chorionic globulin (hCG) was done and appeared to be 
positive. To confi rm the pregnancy, a pelvic ultrasound was done and showed a live intrauterine gesta-
tion corresponding to 10 weeks, 4 days. CD was then counseled about her need for 5–6 days of dialy-
sis if she decided to proceed with the pregnancy. When she agreed to proceed, she was referred to the 
high-risk obstetrics department at a university hospital associated with the dialysis facility. 

 CD is 64 in. tall with a medium frame and a SBW of 62 kg based on the NHANES II data. Her 
EDW at the approximate time of conception was 73 kg which was 117 % of her SBW. Her body mass 
index (BMI) was calculated to be 28.5. Her estimated kcal/protein needs were 2,500/day (35/kg 
SBW + 300 kcal/day since she was nearing her second trimester) and 90–105 g/day (1.3 g/kg SBW 
[for more intensive dialysis with greater protein losses] + 10–25 g/day). Intakes were evaluated by 
frequent 24-h recalls, and she was eating fairly well, but with frequent dialysis and commuting time 
when meals were missed at times, a commercial nutritional supplement (Boost High Protein, Nestle 
USA, Inc., Norwalk, CT) was recommended. 

 CD’s EDW was increased from 73.5 kg when her pregnancy was confi rmed to 74 kg at the end of 
her fi rst trimester to 76 kg at the end of her second trimester when she had reached 24 weeks’ gesta-
tion. Her serum albumin did decrease from 4.0 to 3.5 g/dL just before she was transferred to the 
inpatient hospital dialysis unit. CD’s diet was not restricted in potassium after she began more inten-
sive dialysis and K +  levels were initially in goal range, but began to decrease. A 3.0 K +  dialysate 
concentration was then needed. 

 CD’s phosphate binders were changed from sevelamer carbonate (Renvela, Sanofi -Aventis, 
Bridgewater, NJ 08807) to calcium carbonate (500 mg), 2 tid w/ meals. Renvela is considered cate-
gory C in pregnancy as animal studies have shown some harm to the fetus. No controlled human 
studies have been done [ 20 ]. Phosphorus levels began to decrease, so the calcium carbonate was 
reduced by 50 % and moved to between meals. Calcium/phosphorus levels then remained acceptable. 
No active vitamin D was given, as CD’s intact PTH was less than 150 pg/mL at the time of confi rma-
tion of her pregnancy and the safety of giving it was uncertain. Even when the intact PTH rose to 
628 pg/mL, none was given until after her delivery. 

 Other vitamins, minerals, and medications prescribed for CD during her pregnancy were two renal 
vitamins (Dialyvite 800 w/ Zinc 15, Hillestad Pharmaceuticals USA Inc., Woodruff, WI) plus 2 mg 
folic acid daily, increased amounts of epoetin alfa (Epogen, Amgen, Inc., Thousand Oaks, CA) due to 
decreasing hemoglobin, and intravenous iron sucrose (Venofer, Fresenius medical Care, Waltham, 
MA) to normalize iron studies and aid in erythropoiesis. Also, for safety, her antihypertensive medica-
tion was changed from amlodipine to methyldopa when the pregnancy was confi rmed. 

 CD was transferred to the hospital-based dialysis unit at 24 weeks’ gestation for fetal monitoring 
during dialysis. She remained on hemodialysis for 3½ h, six times per week. 

 She was admitted to the university hospital at approximately 30 weeks’ gestation due to preterm 
labor and discharged at 34 weeks’ gestation. She was then readmitted when she went into labor at 34½ 
weeks. She delivered a 4 lb 2 oz baby girl at that time. CD decided not to breastfeed due to her dialysis 
schedule (although now back to three times per week) and other commitments in her life. Presently, 
both mother and daughter are doing well.  

J. Stover
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    Questions 

     1.    What lifestyle changes must be considered when counseling women with CKD undergoing dialysis 
once pregnancy is confi rmed? 

 Answer: Commitment to increased and more frequent dialysis time, and transfer to hospital unit 
for fetal monitoring during HD at approximately 24 weeks’ gestation.    

    2.    How are estimated energy needs calculated for the pregnant dialysis patient? 
 Answer: 35 kcal/kg pregravida SBW + 300/day in second and third trimesters.   

   3.    How are protein needs calculated for the pregnant hemodialysis patient? 
 Answer: 1.2 g/kg pregravida SBW + 10–25 g/day, and even higher with more intensive dialysis.   

   4.    Which vitamin is supplemented in the diet of pregnant dialysis patients to prevent neural tube 
defects? 

 Answer: Folic acid.   
   5.    Why is the dialysis regimen for a pregnant dialysis patient intensifi ed? 

 Answer: To create a less uremic environment for the fetus and allow the patient more liberal 
dietary intakes to meet nutrient needs of pregnancy.   

   6.    How is anemia treated for pregnant women undergoing dialysis? 
 Answer: Intravenous epoetin alfa and iron given during dialysis.    
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 Key Points 

•     Children typically have different causes of renal failure than adults.  
•   Treatment of pediatric renal failure focuses on transplant and utilizes PD more commonly.  
•   Adequacy of linear growth is a unique challenge with pediatric chronic kidney disease (CKD).  
•   Growth and weight gain are expected for children with CKD and can make adequacy of intake and 

prevention of protein energy wasting (PEW) more critical.  
•   Multiple tools are needed for an accurate nutritional assessment picture and include assessment of 

growth chart curves.  
•   Energy and individual macronutrient needs are assessed using the 2008 KDOQI Nutrition update.  
•   The aim for intake of individual micronutrients should be 100 % of the Dietary Reference Intake 

(DRI) for age, accounting for dialysis losses and possibility of inadequate intake.  
•   Sodium and potassium intake should be assessed carefully, keeping in mind that young children 

may have sodium wasting disorders that cause potassium retention.  
•   Phosphorus management is important for prevention of cardiovascular disease (CVD); however, it 

should be balanced with adequacy of intake. Calcium intake should be between 100 and 200 % of 
the DRI for age.  

•   Fluid needs vary greatly in pediatric patients and depend on primary kidney function and remain-
ing renal function.  

•   Infants and young children on dialysis require much individual attention as growth is essential for 
long-term cognition.  

•   Children and adolescents may have unique challenges related to family dynamics and social- 
emotional development and need individualization of nutrition instruction.  

•   Enteral nutrition should focus on oral intake, followed by tube feeding supplementation if further 
intervention is needed. If enteral nutrition does not meet intake and growth needs, parenteral nutri-
tion may need to be considered.  
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         Introduction 

 Nutritional intervention for infants, children, and adolescents with chronic kidney disease (CKD) is a 
multifaceted process, as this population not only demands attention to traditional CKD-related dietary 
issues such as phosphorus, potassium, and sodium, but a heavy emphasis must be placed on the ade-
quacy of growth as well. *Infants and young children withstand nutritional deprivation less well than 
adults because they have low nutritional stores and high nutritional demands to meet the needs for 
rapid physical and brain growth. Likewise, adolescents have substantial nutritional needs because of 
the high demands for growth during puberty. The prevention of uremic toxicity and metabolic abnor-
malities are additional key treatment goals which nutritional management may infl uence in the pedi-
atric patient with CKD.  

    Etiology of CKD* 

 CKD in children can be caused by congenital, hereditary, acquired, or metabolic disorders. Congenital 
causes are the most common and include abnormally developed kidneys (e.g., aplastic, hypoplastic, 
dysplastic) and obstructive uropathy (e.g., posterior urethral valves (PUV)) [ 1 ,  2 ]. The second most com-
mon cause is acquired conditions, such as focal segmental glomerulosclerosis (FSGS). In contrast to 
adults, diabetic kidney disease and hypertensive nephrosclerosis are uncommon disorders in children.  

    Treatment Modalities* 

 Traditionally, 60–65 % of pediatric patients have been treated with chronic peritoneal dialysis (PD) once 
end-stage kidney disease (ESKD) has occurred; however, a recent increase in the proportion of children 
receiving hemodialysis (HD) has taken place in North America. Virtually all infants receive PD as their 
initial dialysis therapy, whereas there is a near equal distribution of PD and HD in the adolescent popula-
tion [ 1 ]. *Automated PD is used more often than continuous ambulatory peritoneal dialysis (CAPD) in 
children cared for in North America, with prescribed dialysate dwell volumes of approximately 1.1 L/
m 2  body surface area characteristically provided for 10 h nightly. Whereas most children receive HD 
three times weekly, the use of daily in-center or out-of-center HD or daily nocturnal home HD in chil-
dren is a relatively new practice in children and preliminary results have been favorable [ 3 – 6 ].* 

 Transplantation is the preferred treatment option for children with Stage 5 CKD as it offers the best 
opportunities for rehabilitation in terms of educational and psychosocial functioning. *Although not 
common, and depending on the experience of the treatment center, transplantation may occur as early 
as 1 year of age or when an infant has reached a weight of around 10 kg. Waiting times for transplanta-
tion are typically shorter for children than adults; approximately 65–70 % of all children receive a 
transplant within 18 months of initiating dialysis if they are eligible and a substantial percentage of 
children receive a preemptive transplant [ 1 ].  

•   Transplant is the optimal treatment for pediatric CKD but comes with adherence challenges as well 
as the need for very different nutritional counseling than pre-dialysis and dialysis CKD.  

•   Transition of the emerging adult from a pediatric-focused care to adult-focused care is an impor-
tant process to prevent negative health outcomes in the CKD population.    
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    Linear Growth 

 Growth in children with CKD is often poor and there are multiple factors that may contribute to this 
outcome. *In general, observed genetic differences in birth weight among various populations of all 
children are small, and racial/ethnic differences in growth are primarily the result of health and envi-
ronmental infl uences (e.g., poor nutrition, infectious disease, low socioeconomic status), rather than 
ethnic differences in growth potential [ 7 – 9 ]. This has most recently been demonstrated by the World 
Health Organization’s (WHO) study of the growth of young children from a variety of different coun-
tries [ 10 ]. In the CKD population, age at onset of disease, etiology, and severity of the primary renal 
disorder, renal bone disease, fl uid and electrolyte balance, metabolic acidosis, infl ammation, anemia, 
abnormalities of the growth hormone-insulin growth factor (IGF) axis, and suboptimal levels of sex 
hormones are additional factors which infl uence growth and impact fi nal adult height [ 11 ,  12 ]. 
Children with CKD are, on average, 1.6 standard deviations below healthy age and gender controls 
upon initiation of dialysis and tend to decline further while on dialysis [ 1 ]. Linear growth is important 
in this population not only because of quality-of-life issues that may develop during childhood or 
young adulthood but also because severely reduced height has been associated with increased morbid-
ity and mortality in children with CKD and ESKD [ 13 ,  14 ]. 

 The impact of nutritional intake on growth is most important in the fi rst 2 years of life, during 
which time half of the fi nal adult height is typically achieved. In a recent global assessment [ 15 ] of 
children less than 2 years of age and undergoing ongoing PD, the use of gastrostomy feedings, as 
opposed to nasogastric or solely oral feedings, was associated with improved growth. Gastrostomy 
feedings may be associated with less frequent emesis which may, in turn, improve total caloric intake. 
Despite these results and as suggested above, recent research indicates that the achievement of stan-
dard nutritional goals for energy and protein may not be enough to ensure adequacy of growth in the 
pediatric CKD population [ 16 ]. Since many children have CKD disorders that are characterized by 
polyuria and salt depletion, care should be taken to ensure an adequate sodium and fl uid intake. 
Failure to meet the often substantial quantity of sodium needs can compromise linear growth [ 17 ]. 
Serum bicarbonate may provide a portion of the sodium as the serum CO 2  level should be corrected 
to at least 22 mmol/dL in CKD stages 2–5, also important for adequacy of growth [ 11 ]. Appropriate 
management of anemia and renal osteodystrophy is also mandatory. One of the most important inter-
ventions is often the provision of recombinant human growth hormone (rGH) because of the resis-
tance to growth hormone that exists as a result of the presence of an increased concentration of 
IGF-binding proteins [ 18 ]. Recent evidence lends support to an early initiation of rGH therapy to 
avoid growth delay if metabolic and nutritional issues have been addressed and poor height velocity 
persists [ 11 ,  15 ,  19 ,  20 ]. Currently, rGHs recommended when the height standard deviation score 
(SDS) or height velocity SDS is <1.88 (<3 percentile) [ 11 ,  13 ]. Finally, a study by Tom et al. [ 16 ], 
supported by work from Fischbach et al. [ 21 ], would also seem to indicate that increased dialysis may 
be necessary to overcome growth delays, even when nutritional factors have been addressed and 
growth hormone is utilized [ 22 ,  23 ].  

    Adequacy of Weight Gain and Nutritional Intake 

 The term “malnutrition” is frequently used when referencing the CKD populations, as inadequate 
dietary intake is common. However, use of the terms “cachexia” or “protein-energy wasting” (PEW) 
may be more accurate as true malnutrition typically includes adaptive factors such as an increase in 
appetite and a decrease in metabolic rate [ 24 ,  25 ]. Unfortunately, poor intake and subsequent growth 
failure, as seen in children with CKD, is often characterized by maladaptive responses such as a 
decline in appetite and an increase in energy needs. Additionally, these patients may experience mus-
cle wasting of lean body mass without fat decrease. This wasting-type process most often manifests 
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as inadequate weight gain and crossing percentiles downward in BMI and weight on the growth curve. 
A number of adverse outcomes may result. It is somewhat diffi cult to specifi cally characterize the 
infl uence of nutritional wasting on height gain since many factors, as noted above, can infl uence this 
outcome [ 24 ,  26 ]. However, as mentioned above, the negative impact on growth during the initial 2 
years of life can be substantial. Neurodevelopmental delay in the youngest patients can also occur. In 
addition, children with chronically inadequate intake display behavioral changes such as irritability, 
apathy, and attention defi cits, and, as suggested above, those that are stunted may experience social 
disadvantages that adversely affect development and quality of life [ 27 ]. 

 In adult and pediatric patients, new evidence is providing some answers as to why poor dietary 
intake and negative energy balance are frequently seen in the CKD population. Proinfl ammatory, anti- 
appetite cytokines, such as TNF-alpha and IL-6, are elevated in this population. Specifi c appetite 
modulators are altered as well. Leptin, known to suppress appetite and originating from adipose tis-
sue, has been found to be elevated in the setting of a decreased glomerular fi ltration rate (GFR) [ 28 ]. 
Although total ghrelin, which typically increases appetite, is normal in the CKD population, the 
majority of circulating ghrelin is desacyl ghrelin, which is associated with decreased appetite [ 28 ]. 
A study looking at pediatric non-dialysis CKD and HD patients compared to healthy controls found a 
similar association that although levels of total ghrelin were elevated, it was in the desacyl form, thus 
likely suppressing appetite [ 29 ]. In the young PD patient, the increased intraperitoneal pressure that 
results from the presence of dialysate can also have a negative infl uence on appetite. 

 Although treating nutritional inadequacy in this population is diffi cult as many factors that are not 
fully defi ned or understood likely infl uence the outcome [ 24 ], several small studies have suggested 
possible intervention strategies. Options to increase calorie and protein intake include tube feedings, 
supplemental feedings, intradialytic parenteral nutrition (IDPN), or other routes of parenteral nutri-
tion [ 26 ]. One study looking at 25 pediatric dialysis patients with poor weight gain reported on the use 
of megestrol acetate as an appetite stimulant, used at a dose of 7 mg/kg/day [ 30 ]. This study showed 
success over a limited period of time with evidence of increasing weight with minimal side effects. 
However, more data is needed before megestrol acetate or any other appetite stimulant is recom-
mended for routine use in children with CKD. Increased dialysis time is another strategy that may not 
only increase linear gain as previously mentioned but may improve overall weight gain as well. It is 
speculated that reduced diet restrictions and reduced infl ammation, made possible by improved clear-
ance, may be the cause of the improved dietary intake and weight gain [ 22 ,  31 ]. 

 In years past, most pediatric CKD patients were underweight or at risk for being underweight. 
Although much of the focus of care in pediatric CKD continues to be directed to adequate intake and 
prevention of PEW, the clinician must also be aware of overweight and obesity. With the great 
increases in rates of childhood and adolescent overweight and obesity in recent decades, this trend is 
impacting the pediatric CKD population as well [ 32 ]. A large, multicenter study of non-dialysis chil-
dren with CKD recently reported 15 % of the children were obese [ 33 ]. Dietary and lifestyle changes 
may need to be considered for this population. Overweight children suffer from more chronic condi-
tions and have poorer health than healthy-weighted children [ 34 ]. In fact, the Chronic Kidney Disease 
in Children (CKiD) study has found an increased prevalence of dyslipidemia, abnormal glucose syn-
thesis, and hypertension in pediatric patients with CKD who are obese as well [ 33 ]. If the patient is 
very overweight or the patient has reached fi nal adult height, a slow loss of weight is recommended. 
If the patient is still growing linearly, weight maintenance may be benefi cial, allowing the gradual 
increase in height to reduce BMI. To prevent excessive, rapid weight loss or inadequate nutrition, 
adequate protein and other nutrients are essential. A focus on increased physical activity and limiting 
simple carbohydrates is an appropriate and moderate approach to slow weight loss or to achieve 
weight maintenance and minimize risk.  
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    Assessment 

 The assessment of nutritional status of children with CKD is complicated by the myriad of factors that 
may infl uence stature, body weight, and intake. Consequently, a variety of assessment tools are rec-
ommended to provide a more complete picture than any single measure. The frequency of the assess-
ment is recommended to be at least twice as often as the assessment of healthy children. An even more 
frequent assessment may be necessary in the setting of comorbid conditions, increasing disease sever-
ity, changes in residual renal function or dialysis modality, and for younger ages [ 11 ,  35 ]. The  KDOQI 
Clinical Practice Guideline for Nutrition in Children with CKD :  2008 Update  outlines the recom-
mendations for assessment in this population. *A dietitian/clinician should also consider medical 
history, biochemical parameters, medications, bowel habits, urine output, fl uid balance, and activity 
level when assessing the patient. Refer to the KDOQI guidelines for details on the frequency of 
assessment in a given patient age group [ 11 ] and Table  18.1 . Key aspects of the recommended assess-
ment include the following:

•     Length or height for age: Length is the preferred measurement in children younger than 2 years of 
age, while height, which is measured standing, should be used in children aged 2 and older. Length 
should be measured with a length board to ensure accuracy while height should be measured with 
a stadiometer. Measurements for children younger than age 2 should be compared to the WHO 
growth charts or assessed as a SDS. Poor or declining linear growth as a SDS may be one measure 
of inadequate nutrition; however, and as noted previously, growth is infl uenced by many factors in 
this population. Parental height should be compared with the child’s placement on the growth 
chart. Predicted adult height can be calculated for boys as the mother’s height plus 5 in. (34 cm) 
averaged with the father’s height and for girls as the father’s height minus 5 in. (34 cm) averaged 
with the mother’s height [ 11 ].  

•   Length or height velocity for age: Assessment of height velocity can also be judged as a percentile 
or SDS score. Reference data from the Fels Longitudinal Study [ 36 ] provides data on expected 
height velocity for age. Serial measurements provide for the best assessment and data can be 
compared every 6 months. Shorter intervals may not provide accurate velocity readings [ 11 ]. 

   Table 18.1    Recommended parameters and frequency of nutritional assessment for children with CKD stages 2–5 and 5D   

 Minimum interval (months) 

 Measure 

 Age 0–1 years  Age 1–3 years  Age 3 years 

 CKD 
2–3 

 CKD 
4–5 

 CKD 
5D 

 CKD 
2–3 

 CKD 
4–5 

 CKD 
5D  CKD 2  CKD 3 

 CKD 
4–5 

 CKD 
5D 

 Dietary intake  0.5–3  0.5–3  0.5–2  1–3  1–3  1–3  6–12  6  3–4  3–4 
 Height or length-for-age percentile 

or SDS 
 0.5–1.5  0.5–1.5  0.5–1  1–3  1–2  1  3–6  3–6  1–3  1–3 

 Height or length velocity-for- age 
percentile or SDS 

 0.5–2  0.5–2  0.5–1  1–6  1–3  1–2  6  6  6  6 

 Estimated dry weight and weight-
for-age percentile or SDS 

 0.5–1.5  0.5–1.5  0.25–1  1–3  1–2  0.5–1  3–6  3–6  1–3  1–3 

 BMI-for-height-age percentile or SDS  0.5–1.5  0.5–1.5  0.5–1  1–3  1–2  1  3–6  3–6  1–3  1–3 
 Head circumference-forage percentile 

or SDS 
 0.5–1.5  0.5–1.5  0.5–1  1–3  1–2  1–2  N/A  N/A  N/A  N/A 

 nPCR  N/A  N/A  N/A  N/A  N/A  N/A  N/A  N/A  N/A  1 a  

  Reprinted with permission: National Kidney Foundation. KDOQI Clinical Practice Guideline for Nutrition in Children with 
CKD: 2008 update. Am J Kidney Dis 2009;53(suppl 2):S1–S124 
  N / A  not applicable 
  a Only applies to adolescents receiving HD  
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Although many of the same factors that infl uence height in this population affect height velocity 
as an assessment metric, trending may provide greater insight regarding the infl uence of the nutri-
tional status.  

•   Dry weight: Weight can also be assessed as a percentile compared to a standard growth chart or as 
a SDS. Again, the WHO growth charts should be used in children younger than 2. It is important 
that the weight assessed is a euvolemic weight as oliguria and associated fl uid retention may 
increase weight and not give an accurate picture of the actual lean body mass. The use of noninva-
sive blood volume monitoring which measures hematocrit determines the capacity to refi ll the 
vascular space when fl uid is removed by HD. This tool may aid in determining if a patient has 
reached their dry weight. Signs of edema, blood pressure control, and biochemical markers such as 
albumin or serum sodium may also help determine a patient’s dry weight. 

 When characterized by a percentile, dry weight may need to be compared to a patients “height 
age” or the age that aligns with the 50th percentile based on their current height. This is important 
when a patient is very small or short to give a more accurate assessment of the appropriateness of 
the weight for size. While weight trends may provide important information about adequacy of the 
nutritional status, a single weight is of limited value without taking other indices (e.g., BMI) into 
consideration. 

 Ideal body weight (IBW) is another clinical tool that can help assess nutrition status. Dry weight 
can be compared to IBW. IBW is the weight needed to be at the 50th percentile for BMI for age or 
height age. This can be calculated by taking the 50th percentile BMI or height age BMI × height in 
meters × height in meters again. Percent IBW can be assessed by dividing the actual dry weight by 
the IBW and converting to a percentage. The percentage can then help determine if a patient is 
overweight or underweight, and by what degree.  

•   BMI for height age: Growth standards based on growth charts should also be used for the assess-
ment of BMI, with a target range of 3–85th percentile (with a BMI of >85th percentile defi ned as 
overweight and >95th percentile as obese) [ 11 ]. This is supported by an international survey defi n-
ing thinness in pediatric patients. Grades 1, 2, and 3 thinness are similar in assessment to grades of 
malnutrition, with grade 2 thinness corresponding with the 3rd percentile BMI [ 37 ]. The closer a 
patient is to the 3rd percentile, the more at risk he/she is of an acute illness or decline in appetite 
could quickly move them below the 3rd percentile. In older children and adolescents, BMI should 
be compared to height age as physical and sexual development is more likely to be consistent with 
the height age as opposed to chronological age [ 11 ]. Using chronological age to calculate BMI 
may overestimate appropriate BMI [ 38 ]. A landmark study by Wong et al. has indicated that mor-
tality risk increases in a U-shaped curve for BMIs that are very low or high for age in pediatric 
CKD patients [ 14 ]. Since BMI is not an appropriate measure in children under the age of 2, weight 
for length percentile is the comparable metric in this age group.  

•   Head circumference: Head circumference should be measured and compared to normative curves 
as provided by the WHO standards in children aged 3 and younger [ 11 ]. A small head, with absence 
of comorbidities, may indicate nutritional insuffi ciency. Prematurity may also affect this 
measurement.  

•   Normalized protein catabolic rate (nPCR): nPCR also known as protein-nitrogen appearance 
(nPNA) indirectly assesses dietary protein intake in dialysis patients with less measurement error 
than dietary diaries or 24 h recalls. A child who has a desirably low pre-dialysis urea may be a 
well-nourished patient who is adequately dialyzed or an individual with an inadequate dietary 
protein intake. Normalized PCR can help differentiate between the two possibilities. 

 Recent research indicates that nPCR is a more valid marker of nutritional status than serum 
albumin in adolescents receiving HD, the latter being infl uenced by infl ammation and fl uid status 
[ 11 ]. The nPCR is measured in grams of protein per weight in kilograms per day. For adolescents, 
nPCR values between 1.0 and 1.2 g/kg/day have been associated with positive outcomes for 
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appropriate growth and overall nutritional status [ 39 ]. Target values for children and infants have 
not yet been clearly delineated, but theoretically, they would be higher than for adolescents as 
greater rates of weight gain are expected at younger ages. Because nPCR fl uctuates on a daily 
basis depending on what is eaten, a single value does not provide an optimal picture of usual or 
average protein intake; therefore, monthly measurements are more informative. The nPCR can be 
calculated as part of the monthly assessment of clearance for the adolescent HD patient in the fol-
lowing manner: 

 The  G  must be calculated fi rst:

 
G mg urea generationrate C V C V t/ min /( ) = ×( ) ×( ){ }2 2 1 1−

  

    C 2 is pre-dialysis blood urea nitrogen (BUN) mg/dL.  
   C 1 is post-dialysis BUN.  
   V 2 is pre-dialysis total body water (dL;  V 2 = 5.8 dL × pre-dialysis weight in kg).  
   V 1 is post-dialysis total body water (dL;  V 1 = 5.8 dL × post-dialysis weight in kg).  
   T  is time (minutes) from the end of the dialysis treatment to the beginning of the next treatment.    

 The modifi ed Borah equation is then used to calculate nPCR:

 
nPCR kg day est G Vg / / . / .( ) = × +5 43 1 0 17

  

   V 1 is post-dialysis total body water (L;  V 1 = 0.58 × post-dialysis weight in kg). 
 A goal of at least 1 g/kg/day is expected for weight maintenance in adolescents and those who 

have values lower than this may be experiencing weight loss and inadequate nutritional intake. 
Additionally very high values could indicate catabolism. Values in the 1–1.2 g/kg/day range are 
ideal for those expected to gain weight [ 11 ,  39 ]. Although PNA has been used to estimate dietary 
protein intake in children on PD [ 40 – 42 ], outcome measures for interpreting PNA measurements 
as well as targets of therapy are not well established, and thus monitoring of PNA is not currently 
recommended as part of routine practice for PD [ 43 ].  

•   Dietary intake: Assessment of intake as it relates to nutrition status is best done via a 3-day food 
record or three 24-h recalls. A single 24-h recall may be inadequate to account for day-to-day vari-
ance, but the 24-h recall may be preferable for some patients or families in whom keeping written 
dietary records is burdensome. A skilled pediatric dietitian should assess dietary intake with these 
methods for the determination of the adequacy of intake for energy, protein, and other macro- and 
micronutrients [ 11 ].    

 In addition to the recommendations pertaining to assessment contained in the KDOQI guidelines, 
other possible assessment tools have been or are currently being studied in pediatric populations and 
may be added to the assessment regimen in the future. Subjective global assessment (SGA) has been 
validated for use in adult renal populations and has now been validated for use in pediatric popula-
tions [ 44 ]. Further study of the SGA in the pediatric CKD population is forthcoming. Additionally, 
bioelectrical impedance (BIA) may have a role in better defi ning dry weight and assist in the assess-
ment of cardiovascular dynamics in pediatric patients on dialysis [ 25 ,  45 ]. BIA has been reported to 
be noninvasive, simple, and inexpensive to use [ 25 ,  46 ]. Other measures such as dual-energy X-ray 
absorptiometry (DEXA) and midarm anthropometry have been used in a limited manner in the pedi-
atric CKD population because of expense and/or poor predictive value, respectively [ 11 ]. Figure  18.1  
represents a sample initial assessment form, as many programs have requirements for initial and 
annual assessments. (Refer to Chap.   4     for further details on anthropometric assessment in the general 
renal population.)
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       Nutrient Requirements 

 The KDOQI guidelines provide recommendations by age group for macro- and micronutrient intake. 
These recommendations should be used as an initial starting point with subsequent individualization 
to the patient’s needs [ 11 ]. Many variables affect these needs, including periods of catabolic stress, 
comorbid conditions, and genetic variation. Children who are signifi cantly above or below their IBW 
may need adjustment as well. A child may need to have their nutrient needs calculated based on height 
age when he or she has failed to meet goals for weight gain with nutrient needs based on chronological 
age, especially if height age and chronological age are very different. Adjustment for prematurity may 
also need to be considered, using adjusted age for calculated needs.  

  Fig. 18.1    Sample pediatric renal nutrition initial or annual assessment form         
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    Energy 

 *Adequate intake of calories is important not only for weight gain and growth but also to avoid 
using protein as an energy source through gluconeogenesis. Energy needs for children with CKD 
are likely similar to those of healthy children [ 11 ]. In 2002, new guidelines for calculating energy 
needs in pediatric patients were published by the Food and Nutrition Board (see Tables  18.2  and 
 18.3 ). Body size and response to these recommendations must be considered for CKD patients 
when adjusting the recommendations to meet the individual patient [ 11 ]. Children with PEW/
cachexia may have higher kcal needs [ 24 ,  47 ]. Research indicates that although children with CKD 
may initially show lower resting energy expenditure (EER) than healthy children, after adjusting 
for lean body mass, caloric needs are the same for both groups. Many of the children assessed in 
the study that had lower EER values also had signifi cant fat and muscle losses and caloric and pro-
tein defi cits [ 47 ].

    Glucose absorption from peritoneal dialysis solutions provides approximately 9 kcal/kg daily 
[ 48 ] for children on PD. However, the quantity of glucose that is absorbed varies between chil-
dren and may be infl uenced by factors such as the number of cycles for patients receiving auto-
mated PD, dwell time, body surface area, and peritoneal membrane transport capacity. Although 
these calories are typically not considered in the calculation of energy recommendations, high or 
high-average transporters may gain signifi cantly more glucose calories than low or low-average 
transporters [ 11 ]. It is for this reason that KDOQI does not recommend the regular inclusion of 
this parameter into the determination of energy intake. However, since oral caloric intake may be 
quite low for the PD patient [ 49 ], calories from dextrose may be considered as “bonus” calories. 
In contrast, if a child is gaining signifi cant weight while receiving PD, calories received from 
glucose should be considered as a possible source of energy and the dietary intake may require 
modifi cation.  

Fig. 18.1 (continued)
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    Protein 

 A positive nitrogen balance is important to support growth and prevent catabolism in pediatric CKD 
patients. However, free access to dietary protein must be modifi ed because of the phosphorus load that 
accompanies the protein. *Voluntary protein intake usually exceeds age-based Dietary Reference 
Intakes (DRIs) for healthy children, and thus attention must be directed at the phosphorus-induced 
elevated levels of parathyroid hormone (PTH) and possibly fi broblast growth factor-23 (FGF-23) 
because of the associated morbidity that may occur (e.g., cardiovascular disease (CVD) as part of the 
so-called chronic kidney disease-mineral bond disorder (CKD-MBD) [ 11 ]). At the same time, there 
is no documented benefi t of reducing protein intake on the progression of CKD in children, and low-
protein diets may interfere with nutritional status and growth. Therefore, the aim of management is to 
avoid  excessive  protein intake in order to minimize uremia. Protein of high biological value is encour-
aged because it minimizes urea production by reusing circulating nonessential amino acids (AA) for 
protein maintenance. 

 For pre-dialysis children and adolescents, the KDOQI guidelines recommend limiting dietary pro-
tein intake to no more than 140 % of the DRI for age for stage 3 CKD (30–59 mL/min/1.73 m 2 ) and 
120 % of the DRI for stage 4 and 5 CKD (<30 mL/min/1.73 m 2 ). This may aid in the prevention of 
uremic symptoms and the provision of excess phosphorus intake. However, to ensure adequacy of 
growth and palatability of the diet, at least 100 % of the DRI for age should be recommended [ 11 ]. 
Dietary protein recommendations for children on dialysis are 100 % of the age-appropriate DRI plus 
0.1 g/kg/day for HD patients and 0.2–0.3 g/kg/day for PD patients to account for dialysis-related losses. 

 Noteworthy is the fact that the Food and Nutrition Board issued new DRI guidelines for protein 
intake in 2002. The recommendations are lower than the previous Recommended Dietary Allowances 
(RDA) guidelines and infl uenced the 2008 KDOQI nutrition update. However, and as noted above, the 
KDOQI references (see Table  18.4 ) should be used as a minimum starting point with individualized 
recommendations contingent upon patient-specifi c clinical and biochemical follow-up.

   Table 18.2    Estimated energy requirement calculations  

  0–3 months : [89 × weight in kg − 100] + 175 
  4–6 months : [89 × weight in kg − 100] + 56 
  7–12 months : [89 × weight in kg − 100] + 22 
  13–35 months : [89 × weight in kg − 100] + 20 
  3–8-year-old male : 88.5 − 61.9 × age in years + PA × [26.7 × weight in kg = 903 × height in meters] + 20 
  3–8-year-old female : 135.3 − 30.8 × age in years + PA × [10 × weight in kg = 934 × height in meters] + 20 
  9–18-year-old male : 88.5 − 61.9 × age in years + PA × [26.7 × weight in kg = 903 × height in meters] + 25 
  9–18-year-old female : 135.3 − 30.8 × age in years + PA × [10 × weight in kg = 934 × height in meters] + 25 

  Data from: Institute of Medicine. Dietary References Intakes for Energy, Carbohydrates, Fiber, Fat, 
Protein and Amino Acids (Macronutrients). Washington, DC: National Academy of Sciences; 2002 
 PA is physical activity factor—see Table  18.3   

    Table 18.3    Physical activity factors   

 Sedentary  Low active  Active  Very active 

 Typical activities 
of daily living only 

 30–60 min of daily 
moderate activity 

 ≥60 min of daily 
moderate activity 

 ≥60 min of daily moderate activity + additional 
60 of vigorous or 120 min of moderate activity 

 Males  1.0  1.13  1.26  1.42 
 Females  1.0  1.16  1.31  1.56 

  Data from: Institute of Medicine. Dietary References Intakes for Energy, Carbohydrates, Fiber, Fat, Protein and Amino 
Acids (Macronutrients). Washington, DC: National Academy of Sciences; 2002 
 *   For use in estimated energy equations  
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   *A number of issues need to be taken into consideration when addressing the patient-specifi c pro-
tein requirements. Protein needs may be overestimated using the DRI based on weight in obese 
patients or underestimated in small or malnourished children and adolescents. Obese children have a 
higher amount of adipose tissue, and thus protein needs based on lean tissue may be less than the 
patient’s actual weight would indicate. Common practice allows for the use of an adjusted body 
weight, calculated as    {[(actual weight − ideal weight*) × 25 %] + ideal body weight} to use as a 
weight- based number to calculate dietary protein needs in the obese pediatric patient. 

 Likewise, small children may have a higher proportion of lean tissue and clinical judgment should 
be used in assessing protein needs. Wasted children may need additional protein to account for catab-
olism [ 11 ]. Protein requirements may also be increased in patients with proteinuria, acidosis, perito-
nitis, high transport status, and longer dialysis times or in those patients who are receiving 
glucocorticoids. *Losses are similar for CAPD, continuous cyclic peritoneal dialysis (CCPD), and 
tidal dialysis but vary widely between individuals. Protein requirements are highest on a g/kg basis for 
infants and toddlers because protein losses are inversely related to body weight and peritoneal surface 
area [ 11 ]. If desired, protein losses can easily be measured in dialysate when clearance (e.g.,  Kt / V ) is 
determined. *To assess protein status, Edefonti et al. [ 48 ] performed nitrogen balance studies in chil-
dren on PD and found that in only 50 % of the studies was nitrogen balance adequate to meet esti-
mated nitrogen requirements for growth and the metabolic needs of uremic children. In 36 % of the 
studies, results were considered relatively satisfactory and in 14 % of the studies, children were in 
negative nitrogen balance. Children who had been on dialysis longer than 1 year had lower energy and 
protein intakes and poorer nitrogen balance results.* 

 *Dietary protein intake may be low because of anorexia, low meat intake, chewing problems, or 
adherence to a low-phosphorus diet that limits protein-rich dairy foods. *Protein intake can be 
increased via protein-rich foods or powdered protein modules added to infant formula, beverages, 
pureed foods, cereals, or other moist foods. Minced or chopped meat, chicken, fi sh, egg, tofu, or skim 
milk powder can be added to soups, pasta, or casseroles, although phosphorus intake will typically 
increase. Egg whites may be encouraged as they are lower in phosphorus content than the egg yolk. 
Meeting protein requirements may be diffi cult for children receiving PD and for vegetarians, espe-
cially vegans, who may need specifi c dietary counseling.*  

    Carbohydrate, Fats, and Lipid Management 

 The macronutrients that comprise total energy intake should be within the acceptable macronutrient 
distribution range (AMDR) that is recommended by the Institute of Medicine (IOM) [ 11 ]. Additionally, 
the American Academy of Pediatrics (AAP) recommends that children with dyslipidemia, which is 
common in CKD, limit total fat to <30 % of calories, saturated fat to 7–10 % of calories, and 

   Table 18.4    Recommended dietary protein intake in children with CKD stages 3–5 and 5D   

 Age 
 DRI 
(g/kg/day) 

 Recommended for 
CKD stage 3 (g/kg/day) 
(100–140 % DRI) 

 Recommended for CKD 
stages 4–5 (g/kg/day) 
(100–120 % DRI) 

 Recommended 
for HD (g/kg/day) a  

 Recommended 
for PD (g/kg/day) b  

 0–6 months  1.5  1.5–2.1  1.5–1.8  1.6  1.8 
 7–12 months  1.2  1.2–1.7  1.2–1.5  1.3  1.5 
 4–13 years  0.95  1.05–1.5  1.05–1.25  1.15  1.3 
 14–18 years  0.85  0.85–1.2  0.85–1.05  0.95  1 

  Reprinted with permission: National Kidney Foundation. KDOQI Clinical Practice Guideline for Nutrition in Children with 
CKD: 2008 update. Am J Kidney Dis 2009;53(suppl 2):S1–S124 
  a DRI 0.1 g/kg/day to compensate for dialytic losses 
  b DRI 0.15–0.3 g/kg/day depending on patient age to compensate for peritoneal losses  
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cholesterol to <300 mg/day for children aged 4 and older [ 50 ]. Glucose calories received from perito-
neal dialysis may increase the percentage of caloric intake from carbohydrate sources and should be 
assessed when counseling patients on total percentage of macronutrient intake. Dyslipidemia is com-
mon in pediatric CKD, with 44 % of non-dialysis CKD patients presenting with abnormal lipids [ 33 ]. 
Elevated triglycerides were found to be the most common type of lipid abnormality. In non- 
malnourished/wasted children, an increase in fi ber focusing on complex carbohydrates and limited 
added sugar intake is recommended [ 11 ,  50 ,  51 ]. If carbohydrate and fat modulars are used to increase 
the caloric content of formula or supplements, it should be done so proportionately to maintain an 
appropriate ratio within the AMDR. 

 *High-calorie diets or tube feedings rich in fats may infl uence lipid profi les. The American Heart 
Association (AHA) and the AAP list children with CKD as being a high-risk population for CVD [ 50 , 
 51 ]. As noted above, dyslipidemia characterized by elevated levels of triglycerides, in addition to 
abnormalities of very low-density lipoproteins (VLDL), low-density lipoproteins (LDL), total choles-
terol, and low levels of high-density lipoproteins (HDL), is common and often presents with CKD 
Stages 3–5 [ 52 ,  53 ] or posttransplantation as an adverse effect of immunosuppressant therapy. *Thus, 
when additional fats are needed as an important caloric source, “heart-healthy” ones should ideally be 
used, such as canola, olive, or peanut oils. These oils can be used in food preparation or as a condi-
ment and are in the group of monounsaturated and polyunsaturated fats. Saturated and trans fat intake 
should be minimized [ 51 ,  54 ]. 

 *The KDOQI Cardiovascular Guidelines [ 55 ] recommend that management of dyslipidemias for 
prepubertal children with CKD and CKD Stage 5 (including posttransplantation) should follow recom-
mendations by the National Cholesterol Expert Panel in Children and Adolescents (NCEP-C) [ 56 ] and 
that management of postpubertal children or adolescents with CKD Stages 4 and 5 (including post-
transplantation) should follow recommendations provided in the KDOQI Clinical Practice Guidelines 
for Managing Dyslipidemias in CKD [ 57 ]. Key features of the KDOQI Dyslipidemia Guidelines that 
differ from the NCEP-C are the following: (1) more frequent evaluation of dyslipidemias (i.e., after 
presentation with CKD, after a change in renal replacement therapy [RRT], and annually); (2) if LDL 
is 130–159 mg/dL, a therapeutic lifestyle change (TLC) diet should be started (if nutritional status is 
adequate), followed by a statin drug in 6 months if LDL ≥130 mg/dL; and (3) if LDL is ≥160 mg/dL, 
both a TLC diet and a statin should be started. Lipid-lowering drugs are also to be used in children over 
the age of 10 with CKD and hyperlipidemia [ 11 ,  50 – 52 ].* Physical activity should be encouraged for 
all types of dyslipidemias [ 50 ]. Diet therapy may not be appropriate in malnourished/wasted children 
[ 11 ]. See Table  18.5  for a summary of macronutrient needs for pediatric CKD.

       Vitamins and Minerals 

 Adequacy of vitamin and mineral intake is important for growth and overall health. Vitamin and min-
eral supplementation recommendations in pediatric CKD patients are, however, complicated by the 
lack of substantial research on the subject. Although one small study [ 58 ] that looked at various 
B-vitamin intakes in children on dialysis found the majority of children to have adequate intakes and 
high serum levels, other studies have documented water-soluble vitamin intake below recommenda-
tions [ 59 ,  60 ]. *Several studies have shown that the combination of dietary and supplemental vitamin 
intake is routinely associated with blood concentrations that meet or exceed normal values. 

 Since the volume or variety of dietary intake may be limited by anorexia or dietary restrictions, the 
dietitian/clinician must carefully assess a patient’s intake for risk of vitamin and mineral defi ciencies. 
*Children receiving dialysis have additional risks of defi ciencies because of increased losses through 
dialysis and increased needs (e.g., iron on erythropoietin therapy). *Both the KDOQI Nutrition and 
Cardiovascular Guidelines note that current opinion and evidence indicate that it is prudent to 
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supplement, rather than risk defi ciency, especially when supplementation is safe at the recommended 
levels [ 11 ,  55 ]. These guidelines recommend a daily vitamin supplement for children on dialysis, 
emphasizing adequacy of water-soluble vitamins. A renal-formulated vitamin most likely meets these 
needs. Although there are no known marketed pediatric renal vitamins, liquid “adult” renal vitamins 
can be titrated to more closely meet the DRIs of young children. Adolescents typically have similar 
water-soluble vitamin needs to adult patients and can take similar vitamin supplements. Providing a 
vitamin that is at or slightly above the DRI for age should be the aim. 

 Although KDOQI recommends meeting the DRI for all vitamins and minerals with the exclusion 
of phosphorus, potassium, and sodium, *supplementation of vitamins A and E is generally avoided 
because blood levels are usually normal or elevated without supplementation in patients with CKD 
[ 59 ,  61 ,  62 ]. Children and adults on dialysis have both been found to exhibit elevated levels of serum 
retinol, retinol-binding protein, and transthyretin; however, it is unclear what the impact of this is, as 
the symptoms of uremia and vitamin A toxicity are similar. However, there may be hormone-like 
actions of excess vitamin A closely related to growth-related hormones, which make excess amounts 
of vitamin A and its derivatives undesirable within the realm of growth, metabolism, and growth- 
related hormone actions [ 63 ]. There is some question about whether vitamin E may have a role in 
improving the management of anemia in CKD through a reduction of oxidative stress [ 64 ]. However, 
there is not enough evidence at this time to routinely recommend supplementation, and an excess 
should likely be avoided. Whereas caution regarding excess vitamin C intake is warranted, vitamin C 
is frequently lost through dialysis so adequacy of intake should be ensured. 

 Specifi c attention should be given to the assessment of the nutritional vitamin D (25(OH)D3) sta-
tus. Vitamin D insuffi ciency has recently been recognized to be exceedingly common in the healthy 
pediatric population [ 65 ]. To prevent the risk of rickets and to support the role of vitamin D in a num-
ber of physiologic activities, the AAP recommends that all infants, children, and adolescents receive 
at least 400 IU of vitamin D daily, which is an increase from the previous recommendation of 200 IU 
daily. *Vitamin D supplementation should be provided for all exclusively breastfed infants, especially 
those at highest risk for vitamin D-defi ciency rickets (i.e., infants born to vitamin D-defi cient mothers, 
those having limited exposure to sunlight, or those who are dark skinned) [ 65 – 67 ]. Importantly, chil-
dren with all stages of CKD [ 68 – 70 ] are at greater risk than the general population for vitamin D 
insuffi ciency (<32 ng/mL) and defi ciency (<15 ng/mL) [ 68 ], and low levels of 25(OH)3 have been 

   Table 18.5    Macronutrient needs for children with CKD      

 Energy 

 EER for age or height age 

 Stage 3 CKD  Stage 4–5 CKD  Hemodialysis  Peritoneal dialysis 

 Protein  100–140 % of DRI  100–120 % of DRI  g/kg/day  g/kg/day 
  0–6 months: 1.6   0–6 months: 1.8 
  7–12 months: 1.3   7–12 months: 1.5 
  1–3 years: 1.15   1–3 years: 1.3 
  4–13 years: 1.05   4–13 years: 1.1 
  4–18 years: 0.95   4–18 years: 1.0 

 Fat  AMDR:  Stage 5: <30 % of 
calories; <7 % 
of calories from 
saturated fat, 
avoid trans fat 

 <30 % of calories; <7 % of calories 
from saturated fat, avoid trans fat   Age 1–3: 30–40 % of calories 

  Age 4–18: 25–35 % of calories 

 Carbohydrate  AMDR: 45–65 % of calories  AMDR: 45–65 % of 
calories, ensure oral 
calories + calories 
from PD do not 
exceed AMDR 

  Data from: National Kidney Foundation. KDOQI Clinical Practice Guideline for Nutrition in Children with CKD: 2008 update. 
Am J Kidney Dis 2009;53(suppl 2):S1–S124  
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seen in the majority of patients with advanced CKD or on dialysis [ 68 ,  70 ,  71 ]. It appears that the 
prevalence of low vitamin D levels has increased in recent years [ 68 ,  69 ]. 

 Children with CKD are frequently prescribed 1,25 dihydroxyvitamin D (calcitriol) because of the 
reduced capacity of the diseased kidney to convert 25-hydroxyvitamin D (ergocalciferol or cholecal-
ciferol) to the active form and the well-known consequent bone metabolism issues that may arise. 
However, it is important to recognize that not only is the generation of activated vitamin D a substrate- 
dependent process in patients with CKD that is dependent upon adequate levels of 25(OH)D3 but that 
25(OH)D3 itself likely plays an important role in immune function, prevention of malignancy, and 
cardiac function in patients with CKD, irrespective of the provision of activated vitamin D [ 68 ,  69 , 
 71 ]. There is now also evidence that maintenance of a 25(OH)D3 replete state may have a role in 
lowering PTH levels in children with CKD [ 71 ]. Accordingly, the KDOQI Clinical Practice Guidelines 
for Nutrition in Children with CKD recommends monitoring vitamin D levels and supplementing if 
levels are low, with the size of the repletion course of therapy dependent on the baseline vitamin D 
level; continued use of maintenance therapy is recommended once the patient is repleted [ 11 ]. 

 It is well known that anemia is common in CKD, but the role of iron and other treatment of anemia 
of CKD is beyond the scope of this chapter. Refer to Chap.   24     for further discussion of micronutrients 
in the general CKD population. See Table  18.6  for a summary of micronutrient needs for 
pediatric CKD.

       Sodium 

 The specifi c approach to be used for sodium management is very much dependent upon the clinical 
status of the patient. Restriction of dietary sodium is appropriate for children with CKD who experi-
ence salt and water retention and associated hypertension. This is particularly important as CVD is the 
most frequent cause of mortality of children and adults with end-stage renal disease. In contrast, it is 
not appropriate to restrict salt for children with salt-wasting syndromes such as obstructive uropathy, 
renal dysplasia, tubular disease, or polycystic kidney disease or for infants receiving PD who may 
require sodium  supplementation  to prevent sodium depletion, a decrease in extracellular volume, and 
impaired growth [ 17 ,  72 ]. In fact, failure to provide adequate supplemental salt to young patients 
receiving on PD has been associated with severe cerebrovascular complications [ 72 ]. The need for 
sodium supplementation for the salt-losing disorders typically decreases with age as the common 
western high sodium diet provides more than adequate intake, and these children may actually develop 
hypertension that would benefi t from sodium restriction. 

   Table 18.6    Micronutrient needs for children with CKD   

 Pre-dialysis CKD  Dialysis 

 Water-soluble vitamins  Supplement if assessment of intake indicates defi ciency  Supplement recommended 
 Fat-soluble vitamins  Avoid vitamin A supplementation and vitamin E and K at DRI, assess and supplement 1,25 

dihydroxyvitamin D and 25-hydroxyvitamin D as needed 
 Trace minerals  Assess and supplement copper, selenium, and zinc as needed; limit heavy metals 
 Calcium  100–200 % DRI 
 Phosphorus  100 % DRI if PTH at target, 80 % DRI if PTH elevated  80 % DRI 

  Data from: National Kidney Foundation. KDOQI Clinical Practice Guideline for Nutrition in Children with CKD: 2008 update. 
Am J Kidney Dis 2009;53(suppl 2):S1–S124. Vannucchi, MTI, Vannucchi H, Humphreys M. Serum levels of vitamin A and 
retinol binding protein in chronic renal patients treated by continuous ambulatorial peritoneal dialysis. Int J Vitam Nutr Res 
1992;62:107–12. National Kidney Foundation. KDOQI Clinical Practice Guidelines for Bone Metabolism and Disease in 
Children With Chronic Kidney Disease. Am J Kid Dis 2005;46(4, Suppl 1):S1–121  
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 The most recent Dietary Guidelines for Americans [ 73 ] recommend that hypertensive individuals 
older than 2 years of age consume no more than 1,500 mg of sodium per day, while KDOQI nutrition 
guidelines indicate 1,500–2,400 mg/day is allowable, based on the DRI Upper Tolerable Limit (UL) 
for age. Restaurant meals and salt added by manufacturers provide 75 % of the daily sodium intake of 
most people living in North America [ 74 ]. *To reduce sodium intake, children and caregivers are 
advised to limit salt used in cooking or added at the table, to rely on fresh rather than processed foods, 
to eat out less often, and to read ingredient lists and nutrient content tables on food labels to avoid 
salty foods, defi ned as having more than 140–200 mg sodium/serving [ 73 ]. Signifi cant pressure from 
social groups, the lack of available lower sodium foods, and palatability may make these goals diffi -
cult to achieve, especially for many adolescents. A restriction of 2,000–3,000 mg of sodium per day 
may be better accepted in some populations and hypertension control must be balanced with adequacy 
of nutritional intake. 

 Homemade baby foods prepared from fresh ingredients are lower in sodium, and commercial baby 
foods also do not contain added salt. Lunch ideas should be discussed, especially for children who eat 
at school. Salt substitutes are contraindicated in children with hyperkalemia, because manufacturers 
use potassium chloride to replace some or all of the sodium chloride in some food products.  

    Potassium 

 Dietary potassium must be restricted for many children with advanced CKD. The need to restrict 
potassium often correlates with the progression of CKD, with many children not requiring a restric-
tion of dietary potassium until they are near or reach the need for dialysis [ 11 ]. However, infants and 
toddlers with CKD often have congenital disorders, such as renal dysplasia or obstructive uropathies 
that cause potassium retention. Thus, this population may need special care in limiting potassium [ 11 ]. 
In addition, the need for restriction may be hastened when certain medications, such as angiotensin- 
converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs), are required [ 75 ]. 
Infants with these disorders should be provided a low-potassium formula. On occasion, persistence of 
the elevated potassium levels results in the need for infant formulas or enteral feedings to be pretreated 
with an ion exchange resin (e.g., sodium polystyrene sulfonate, calcium polystyrene sulfonate) to 
lower their potassium content. Although no offi cial protocol has been recommended, based on the 
original studies, most centers typically recommend treating formula or other beverages if appropriate 
for a half hour or an hour. Usually, 1 g of sodium polystyrene sulfonate is added to the formula per 
mEq of potassium. The formula is shaken, refrigerated, and after the allotted time, formula is decanted 
and a minimal amount of formula containing bound potassium residue is thrown away [ 76 ,  77 ]. 
However, the amount of sodium polystyrene sulfonate used may be altered depending on individual 
lab response. Once the infant starts taking additional oral food, caregivers should be advised to offer 
low-potassium choices and limit high-potassium foods, including several fruits and vegetables. 

 Older children with these conditions may not need as tight of a restriction, but children receiving 
hemodialysis, despite the primary cause of renal failure, will typically need to limit high-potassium 
foods including milk, yogurt, bananas, cantaloupe, tomato and potato products, and potassium- 
fortifi ed foods, among others. Children receiving PD may, on the other hand, not need a restriction or 
as tight of a restriction and, in some instances, may need supplementation. This is largely dependent 
upon the peritoneal membrane transport status, with high transporters often losing large amounts of 
potassium across the peritoneal membrane [ 11 ]. 

 There are not clear guidelines on how much dietary potassium is appropriate for pediatric CKD 
patients. The common adult guideline recommendation of 2,400 mg/day may be extrapolated to <30–
40 mg/kg/day or 0.8–1 mmol/kg/day. For infants and toddlers, 1–3 mmol/kg/day may be a reasonable 
starting place [ 11 ]. It is important to remember that there may be non-dietary causes of hyperkalemia, 
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including constipation, acidosis, infl ammation, catabolism/starvation, elevated glucose levels, dialy-
sis adequacy and potassium bath, increased activity, and medications [ 75 ], and all these issues, includ-
ing dietary intake, should be considered when addressing/correcting hyperkalemia.  

    Phosphorus and Calcium 

 The incidence of renal bone disease is higher in children compared to adults due to high bone turnover 
in the growing skeleton. To prevent growth failure as well as CVD associated with poor calcium- 
phosphorus balance (CKD-MBD), the achievement of target values for calcium (Ca 2+ ), phosphorus 
(PO 4 ), and PTH is extremely important. 

 The KDOQI Bone Guidelines for Children with CKD [ 78 ] have made recommendations for the 
strict control of serum PTH levels and the CaXPO 4  product. The Kidney Disease Improving Global 
Outcomes (KDIGO) bone guidelines allow greater variance with PTH targets, recommending 2–9 
times normal values in pediatric ESKD [ 20 ]. Maximum dietary phosphorus intake and intake of cal-
cium from calcium-containing phosphorus binders and diet are also outlined in the KDOQI bone 
guidelines. It is recommended to limit phosphorus intake to the DRI if PTH values are elevated and 
80 % of the DRI if serum phosphorus levels are additionally elevated in CKD. Eighty percent of the 
DRI for age is appropriate for all pediatric dialysis patients. Intake below 500 mg of phosphorus in 
any age group, however, may not be compatible with adequate oral intake for those who consume all 
calories from food as opposed to tube feedings or formulas. Current recommendations from the 
KDOQI nutrition guidelines indicate that serum phosphorus levels should ideally be normal for age. 
However, some evidence [ 79 ] discourages over-restriction of dietary phosphorus, given the associated 
possibility for PEW. This would support the previously published KDOQI bone guidelines allowing 
for serum phosphorus in the range of 3.5–5.5 mg/dL for adolescents and 4–6 mg/dL for younger chil-
dren on dialysis, which is slightly higher than normal values.    Normal levels for age for CKD stage 1–4 
are also supported by the bone guidelines [ 78 ]. A lower serum phosphorus level may be more attain-
able in those with residual renal output as opposed to children who are anuric or severely oliguric. 

 A plan for *dietary modifi cation must take into consideration foods that are naturally high in phos-
phorus, as well as foods and drinks in which phosphate salts have been added by the manufacturer for 
nonnutritive reasons. In a typical mixed-food diet comprised of natural foods, about 60 % of phospho-
rus is absorbed. However, nearly 100 % of phosphorus is absorbed from processed foods in which 
phosphate additives have been used in the manufacturing process. Without changing protein or cal-
cium content, it may also be possible to consume an extra 1,000 mg of phosphorus in the adolescent 
diet, just by the inclusion of more processed versus natural foods [ 80 ]. One of the most challenging 
aspects of phosphorus-related counseling for children and families with CKD is that phosphorus may 
be diffi cult to detect. Phosphorus is abbreviated in many different additive forms, and many standard 
nutrient data bases underestimate the phosphorus content of food due to an increased use of these 
additives in the last decade [ 81 ]. This is of particular concern as the typical adolescent diet may be 
comprised of many of these items such as colas, fast food, and convenience quick-cooking products. 

 *Excretion of endogenous phosphorus is mainly through the kidneys with a smaller amount being 
excreted in the stool. The amounts of phosphorus removed by thrice weekly HD (~800 mg/treatment 
or 2,400 mg/week) or daily PD (300–400 mg/treatment or 2,100–2,800 mg/week) is far less than that 
ingested by most children. The ineffi ciency of phosphate removal by standard HD and PD can, how-
ever, be rectifi ed in children by the use of frequent HD. Patients who have received this therapy have 
often not required diet restrictions and have required fewer or no phosphate binders* [ 6 ,  16 ,  21 ]. 
Patients with residual kidney function and patients on PD who are high transporters also tend to have 
lower serum phosphorus levels [ 82 ]. 
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 *Non-breastfed infants with CKD who are hyperphosphatemic require a low-phosphorus formula. 
Similac PM 60/40 ®  (Abbott Nutrition, Columbus, Ohio) is the only infant formula designed specifi -
cally for pediatric CKD patients that is currently available in the United States. However, if electrolyte 
balance allows, a general infant formula that has lower phosphorus content may work as well. Other 
formulas designed for older children may also be an option (see discussion in “Infants” section). 
Typically, the low-phosphorus formula choice is continued beyond 1 year of age to delay introducing 
phosphorus-rich cow’s milk. 

 *Phosphorus restriction may complicate efforts to achieve adequate protein intake because protein 
and phosphorus are often found in the same foods. The lowest quantity of phosphorus in proportion to 
the quantity and quality of protein comes from animal fl esh proteins (average: 11 mg phosphorus/g 
protein), whereas eggs, dairy products, legumes, and lentils have higher phosphorus to protein ratios 
(average: 20 mg phosphorus/g protein).* In the case of a non-dialysis patient with CKD, who may not 
need as large a quantity of high-biological value protein to cover dialysis losses, there is new evidence 
[ 83 ] that a vegetarian diet may be appropriate. Because of the increased use of phosphate additives, 
especially in many animal products, the “typical American” diet is higher in phosphorus than it was 
even in past decades. On the contrary, because of the phytate content of legumes and nuts, which binds 
some phosphorus, a well-planned, natural-foods-based vegetarian diet may actually be lower in phos-
phorus than the traditionally prescribed diet that limits high-phosphorus legumes and nuts. Additionally, 
a natural-based vegetarian diet may provide other benefi ts such as increased fi ber and reduced satu-
rated fat that may be important in modifying the cardiovascular milieu associated with CKD. 

 Education of the pediatric patient and his/her family about the reasons and methods for dietary 
phosphorus restriction and the impact on patient outcome is important. The “renal diet” is not easy to 
comply with and may be particularly challenging for the pediatric patient whose normal diet is exceed-
ingly high in phosphorus. Often patients’ families may have social or cultural barriers that also infl u-
ence the ability to achieve the necessary dietary management. The experiences of one center indicate 
that intensifi ed diet education using many different learning styles and tools may be important for diet 
understanding and improved phosphorus levels [ 84 ]. 

 Individualization of the low-phosphorus diet also requires attention to adherence. Preferences of the 
child should be considered, including as many favorite foods as possible, within nutrition and electro-
lyte limitations, to increase intake. There is evidence that self-monitoring in the pediatric population is 
benefi cial to phosphorus control. Teaching patients to adjust the phosphorus binder dose to the amount 
of phosphorus consumed at a meal or snack has been shown to not only be effective in empowering the 
pediatric patient, but it has also led to improved phosphorus levels [ 85 ]. Additionally, calorie to phos-
phorus ratio should be considered to maximize total nutrient intake, especially for those who struggle 
with adequacy of weight gain. Timing of meals and amount eaten at meals should be assessed, espe-
cially when prescribing a binder regimen. Popular phosphorus binders available include calcium car-
bonate, calcium acetate (Phoslo ® ), sevelamer carbonate (Renvela ® ), and acetate (Renagel ® ). Sevelamer 
carbonate and acetate are noncalcium options for pediatric patients, and recent evidence highlights the 
possibility of their use to pretreat beverages (such as formula) to lower phosphorus content [ 86 ]. The 
KDOQI guidelines [ 11 ] indicate that calcium-based binders should be the fi rst choice for infant and 
young children, but noncalcium-based binders may be used if hypercalcemia is a concern [ 78 ]. 

 When considering calcium needs, a clinician must balance the need for adequacy of intake for bone 
mineralization and growth versus the concern for excess intake and the subsequent development of 
adynamic bone disease or cardiac calcifi cation. High doses of active vitamin D may contribute to 
increased intestinal calcium absorption as well [ 11 ]. The KDOQI guidelines recommend that the cal-
cium intake for children and adolescents be between 100 and 200 % of the DRI for age from dietary 
intake and calcium binders or supplements combined [ 11 ]. However, calcium intake may need to be 
further adjusted if the patient is hypocalcemic or hypercalcemic, per the normal ranges for age or addi-
tionally defi ned as >10.2 mg/dL for hypercalcemia. A calcium supplement, given away from meals 
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and not more than 500 mg at a time for best absorption, may be appropriate if the patient is not meeting 
the DRI for age or is hypocalcemic [ 78 ]. Calcium intake may also be low due to dietary restrictions, 
reduced intestinal absorption due to low levels of 1,25-(OH)2D, or poor appetite and intake [ 11 ].  

    Fluid 

 *Children with polyuria need extra fl uid intake to prevent chronic dehydration and poor growth. Fluid 
supplementation may be needed in children who cannot meet their oral fl uid needs, and clinical signs 
of dehydration should be regularly assessed to ensure adequate fl uid intake. On the other hand, chil-
dren who have edema and possibly hypertension require fl uid restriction with calculation of output 
based on a combination of insensible fl uid losses, measured 24-h urine output, dialysis ultrafi ltration 
capacity, and other losses (diarrhea, gastric).* Families should be taught that food that is liquid at 
room temperature contains water and must be counted as part of their daily fl uid allotment. *Many 
fruits and vegetables contain signifi cant amounts of water and can inconspicuously add to a child’s 
fl uid intake. Children struggling with fl uid restrictions should be advised to drink from smaller cups 
or glasses; quench their thirst by sucking on crushed ice, chew gum, gargle, or use breath sprays/
sheets; and more importantly, limit their sodium intake. Excess sodium intake can increase thirst and 
make it nearly impossible to control fl uid intake. Additional dialysis is warranted if fl uid restrictions 
make it impossible to meet nutritional goals. Nutrition should  not  be compromised in a growing child 
as a result of fl uid-related issues, if at all possible.* See Table  18.7  for a summary of fl uid and elec-
trolyte needs in pediatric CKD.

       Age-Related Intervention and Monitoring 

    Infants and Toddlers (Ages 0–3) 

 Infants and toddlers with CKD may demand much of the clinicians’ time and resources. Growth and 
associated cognitive development are most active during the fi rst few years of life. Consequently, 
growth, biochemical profi les, and adequacy of intake must be monitored closely. One dialysis center 

   Table 18.7    Electrolyte and fl uid needs for children with CKD   

 Pre-dialysis CKD  Hemodialysis  Peritoneal dialysis 

 Sodium  Limit to DRI (upper tolerable limit) 
if hypertensive; if polyuric, consider supplementation 

 Supplementation to be considered for all 
infants 

 Limit to DRI (upper tolerable limit) if 
hypertensive; if polyuric, consider 
supplementation 

 Potassium  If at risk for hyperkalemia:  High transporters may need supplement; 
low transporters’ needs similar to HD 
patients 

 Infants and young children: 1–3 mmol/kg/day 
 Older children: 0.8–1 mmol/kg/day 

 Fluid  Typically unrestricted unless edematous; 
supplement if polyuric 

 Supplement if polyuric 
 If oliguric: fl uid restriction = Insensible fl uid losses + urine 

output + additional losses (i.e., vomiting, diarrhea)—
amount to be defi cited 

  Data from: National Kidney Foundation. KDOQI Clinical Practice Guideline for Nutrition in Children with CKD: 2008 
update. Am J Kidney Dis 2009;53(suppl 2):S1–S124  
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reports that dietetic contacts were needed twice as much for optimal care in children younger than age 
5 compared to those children older than age 5, indicating that younger children require more close 
monitoring, intervention, and clinician time than older children [ 87 ]. 

 Most infants with CKD are satisfi ed with small volumes of oral feedings and often have slow or no 
progression through normal stages of acquired oral feeding skills, thus often having inadequate intake 
or intake that is not age appropriate. Advanced stages of CKD are commonly associated with feeding 
problems. *One particular problem, e.g.,  post - traumatic feeding disorder , is an oral hypersensitivity 
and aversion to fl uids and/or foods that typically occur in infants and toddlers with a history of previ-
ous invasive medical procedures around their oral-nasal cavities. Such procedures include intubation, 
oral or nasal suctioning, or the placement of nasogastric (NG) or orogastric tubes [ 88 ,  89 ]. Unfortunately, 
many young children with CK have such a history. Memories of these unpleasant procedures lead the 
child to perceive that anything approaching their mouth is potentially painful. Other children may be 
able to swallow but are  unwilling  to eat. They may turn their head away and refuse to open their mouth 
when food is offered, they may spit out the food or they may store it in their cheeks for long periods 
of time. Nausea and vomiting are common and contribute to feeding dysfunction, undernutrition, and 
growth failure. Caregivers of infants and young children should be questioned regularly about age-
appropriate eating/feeding skills (e.g., sucking, chewing, swallowing, self- feeding) and related prob-
lems (e.g., storing food in cheeks, inability to advance textures, food refusal).* 

 *Delayed gastric emptying and gastric dysrhythmias alone or with gastroesophageal refl ux disease 
(GERD) [ 90 – 92 ] may also have a negative impact on the provision of adequate nutrition. Delayed 
gastric emptying causes sustained gastric distension and an early sense of satiety. GERD has been 
found in over 70 % of infants and children with CKD who are experiencing vomiting and feeding 
problems [ 90 – 92 ]. Symptoms may diminish with time or persist until transplantation. Common 
empirical therapies for GERD include maintaining the infant in an upright position during and after 
feedings, use of whey-predominant infant formula to improve gastric emptying and prokinetic medi-
cations, H 2 -antagonists, or proton pump inhibitors to prevent refl ux esophagitis. When changes to 
feeding content and/or administration fail to improve symptoms and medical therapy for GERD is 
unsuccessful, continuous tube feedings, jejunal feeding, or fundoplication is indicated [ 92 ].* Tube 
feeding will be discussed in a later section. 

 *With its low mineral and electrolyte content, human milk is the ideal source of nutrition for 
infants with CKD. Aluminum toxicity is of particular concern for persons with CKD. Breast milk is 
naturally low in aluminum with serum levels reduced in breastfed infants [ 93 ]. Breastfeeding should 
be supported; however, for a variety of reasons, infants with Stage 5 CKD are often unable to meet 
their nutritional requirements by exclusive feeding at the breast. Motivated mothers should be sup-
ported to pump breast milk for supplemental feeding. Unfortunately, medical stressors and social or 
environmental factors may be barriers to a mother being willing or able to produce enough breast milk 
for the child to meet all of their needs. 

 Infant formulas containing lower amounts of phosphorus and potassium are indicated when rele-
vant biochemical abnormalities begin to appear in the infant with CKD who is formula fed [ 94 ]. The 
aforementioned Similac PM 60/40 is often prescribed for such a need. Sodium and phosphate supple-
mentation may be needed in some cases to prevent the development of hyponatremia and hypophos-
phatemia. A new pediatric renal product, Renastart ® , currently used in Europe, may soon be available 
in North America for ages 1 and older. Renastart is lower in potassium and higher in sodium than 
Similac PM 60/40 which may be benefi cial for children whose primary kidney disorder is compli-
cated by sodium wasting. Renastart may also be used as a supplement or in combination with Similac 
PM 60/40 or another infant formula to achieve a desired, individualized micronutrient profi le. One 
center has successfully used diluted “adult” renal products, such as Suplena (Abbott Nutrition, 
Columbus, OH) [ 95 ] in infants to control potassium levels. However, some components of the micro-
nutrient profi le may be undesirable for the pediatric populations’ needs. Adding fat and carbohydrate 
modulars to formula or breast milk to increase calorie content with minimal increase in renal solute 
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and mineral load may be more desirable. The use of protein modulars may also help reach protein 
needs, especially in the infant on peritoneal dialysis. Although formulas not designed for renal needs 
may be considered depending on the patients’ biochemical profi le and stage of CKD, the long-term 
effects of the increased aluminum, vitamin A, and other mineral loads inherent to these formulas 
generally make their selection less desirable of an option. For example, soy and elemental formulas 
are high in phosphorus, potassium, and aluminum. Soy formula should be avoided and elemental 
formulas should only be used when absolutely medically necessary. *Due to its high renal solute load 
in addition to the phosphorus content, cow’s milk is not suitable before 1 year of age and is often 
avoided or limited well into the second year of life and beyond for infants with CKD. 

 *Unless severe development delay or medical contraindications suggest otherwise, solids should 
be introduced and textures advanced in young patients with CKD at the same ages as for healthy 
infants [ 11 ]. However, since infants and toddlers with CKD often have diffi culty with textures and 
food advancement, appropriate intervention (e.g., referral to speech or occupational therapy) should 
be considered, if deemed necessary, without delay. Encouraging good feeding practices, including 
food exploration, positive reinforcement of desired eating behaviors, family meal time, adequate oral 
stimulation, and a wide variety of foods, is important. Nevertheless, in the case of the infant or toddler 
on dialysis, feeding success may be slow or not achieved until the posttransplant period [ 96 ].  

    Children (Ages 4–12) 

 Children with CKD may suffer from poor appetite for multiple reasons including uremia, dietary 
restrictions, and developmental feeding-related delays that persist from infancy. Processed foods, fast 
food, and other foods with high phosphorus and sodium content are commonly preferred by children, 
but they are often restricted because of the child’s CKD status. In turn, children may learn to self- 
induce vomiting through vigorous crying, coughing, or retching to avoid eating food selected and 
offered by caregivers. The patient with a poor appetite may respond favorably to small, frequent but 
scheduled meals and snacks. 

 Regular, structured times for meals and snacks are important to encourage developmentally appro-
priate eating behaviors and prevent further suppression of appetite by “grazing.” Parents may be 
tempted to only give favorite foods or allow eating on demand to indulge the child with a chronic 
illness. This can limit nutrient dense intake, exacerbate electrolyte problems, and discourage advance-
ment in the acceptance of a varied diet. The primary caregivers need guidelines for setting limits 
around food and eating behavior, and they require support from the healthcare team, especially dieti-
tians, to consistently enforce them. *Other caregivers (e.g., grandparents, childcare workers, and 
teachers) need to be made aware of appropriate foods, fl uids, and the limits that have been established 
with respect to the child’s diet and should be asked to be consistent in providing care. Some children 
may remain on supplemental tube feeding for an extended period of time. It is important to encourage 
hunger by providing tube or other supplemental formula feedings after meals and snacks or overnight 
to promote transition to a normal oral regimen [ 11 ]. As children become older, they ideally should be 
granted some autonomy in making appropriate food choices but also need to be counseled about their 
diets so they can recognize and refuse restricted foods offered by others. *Important topics to be dis-
cussed with the children (and their caregivers) include meals and snacks at school or after-school 
programs that may include undesirable food choices. Communication with school or daycare provid-
ers by the dietitian, nurse, or physician may sometimes be necessary to emphasize the importance of 
the dietary restrictions without making the child feel uneasy. 

 Pica and the use of herbal supplements and alternative medications may be additional topics that 
need to be addressed. Children, especially those on hemodialysis, appear to be at high risk for pica 
with 46 % of children on dialysis at one center reporting pica [ 97 ]. Although the majority of these 
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patients were found to exhibit “ice” pica (compulsive consumption of ice), 12.6 % of patients ingested 
items such as chalk or soap, indicative of “hard” pica. Pica is a concern not only for the common 
comorbidity of iron defi ciency anemia but also because of the potential for the ingestion of harmful, 
toxic substances.  

    Adolescents* (Ages 13 and Older) 

 Teenagers, who often eat independently of their families, regularly require dietary information, pref-
erably from their renal dietitian. As commonly seen in the general adolescent population, poor eating 
habits, such as skipped meals (in particular breakfast and/or lunch), high fl uid intake (especially milk 
and sodas), and preference for salty, processed/convenience and fast foods are common issues in the 
adolescent renal population. Dietary instruction that addresses food provided at school and activities, 
eating out, snacks, and acceptable drink choices supports the teenager’s ability to make relatively safe 
selections when eating on their own or with friends. An educational approach used is the provision of 
a menu of the patients’ 10–15 favorite foods with the often diffi cult to fi nd phosphorus content listed, 
along with the daily phosphorus allotment, to assist in the process. Relating nutritional status to physi-
cal appearance (e.g., healthy hair and skin), school or athletic performance (e.g., energy, alertness, 
muscle mass), and/or preparation for transplantation may motivate individual adolescents to improve 
dietary adherence. Undernourished females may, on the other hand, be pleased with their thin appear-
ance and be refractory to efforts to promote weight gain. High energy needs may be particularly dif-
fi cult to achieve in the setting of dietary restrictions and poor appetite. Finally, regular assessment of 
biochemical indices and electrolyte status, success toward the achievement of the overall nutritional 
needs, and the risk for PEW should be carefully evaluated in this population.   

    Enteral Nutrition 

    Oral Supplementation 

 The KDOQI guidelines recommend supplemental nutritional support when growth is poor or calorie 
or protein intake is less than requirements. Oral supplementation should be considered as the pre-
ferred form of nutrition support [ 11 ]. The use of high-calorie agents in existing foods, such as pow-
ders or added fats, is an option, as well as homemade high-calorie drink recipes or commercial 
beverages. Manipulations to liquid feedings often require minimizing volume to maintain fl uid bal-
ance, optimizing tolerance, and keeping the total hours of feeding manageable for the family. 

 *Infants and toddlers frequently need supplementation with tube feedings of expressed breast milk 
or infant formula in addition to their oral intake. Often, fortifi cation to a higher energy density is neces-
sary as well with breast milk and formula both having a base caloric content of 0.67 kcal/mL or 
20 kcal/oz [ 98 ,  99 ]. Gradual, stepwise increases of 2–4 kcal/oz theoretically improve tolerance.* Some 
children may not tolerate very concentrated formula and tolerance of each stepwise increase must be 
assessed carefully before consideration is given to concentrating the solution further. Intolerance may 
present as increased retching or emesis, abdominal pain, or stool changes, usually being diarrhea. 

 Increasing the energy density by concentrating the base formula is often not possible because of 
the accompanying increase in sodium, potassium, phosphorus, and other vitamins and minerals. 
Therefore, fat and/or carbohydrate modules are often used. Protein modulars are typically added and 
adjusted based on protein needs but may contribute somewhat to the caloric concentration as well. 
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The choice of which macronutrient to add is based upon the serum glucose and lipid profi les, presence 
or absence of malabsorption or respiratory disease (carbohydrate metabolism increases CO 2  produc-
tion), and cost. In addition, lipid modulars may impair gastric emptying while excessive carbohydrate 
modulars may increase stooling. Lipid modulars often do not mix as well with formula; especially if 
some or all of the formula is given via tube (see below). *Unless malabsorption is present, “heart- 
healthy” oils such as corn, canola, or saffl ower may be preferable because they are readily available 
and low in cost. However, if to be used in a tube feeding, an emulsifi ed oil (i.e., Microlipid ® , Novartis 
Medical Nutrition, Freemont, MI) can be used to prevent oil from separating out during continuous 
feedings. Polycose ®  (Abbott Nutrition, Columbus, OH) is a common carbohydrate modular. *When 
making a feeding which involves more than three stepwise increases (2–4 kcal/oz per step) in energy 
density, the distribution of energy from carbohydrate and fat should be kept similar to the base for-
mula. As energy density increases, oral intake may decrease and a tube feeding may be needed.* 

 *Calories can also be added to foods using heart-healthy margarines or oils, cream and other fats, 
sugars, syrups, or carbohydrate modulars. Commercial energy bars and homemade or commercial 
milkshakes/energy drinks made from whole milk and cream may be used; however, their phosphorus 
and potassium content may be too high depending on the severity of the CKD. Milkshakes and des-
serts made from nondairy products can be used to boost caloric intake for children who are hyper-
phosphatemic. However, many nondairy products contain phosphate additives which make them 
inappropriate choices. Low-calorie or calorie-free drinks should be avoided in most patients.* 

 *Nonrenal enteral feedings designed for children older than 1 year have an appreciable amount of 
calcium and phosphorus to support bone growth as well as a high content of potassium. They may also 
have higher amounts of other undesirable components such as vitamin A and aluminum. These prod-
ucts are contraindicated in children with hyperphosphatemia and/or hyperkalemia. Unless the afore-
mentioned Renastart ®  or another commercial product becomes available in the United States, there is 
currently no pediatric-specifi c product designed to fi t the needs of children ages 1–10. Often infant 
formula, such as Similac PM 60/40 ® , is used past 1 year of age. *Adult renal products (e.g., Nepro ®  
(Abbott Nutrition, Columbus, OH), Suplena ® , Novasource Renal ®  (Nestle Nutrition, Florham Park, 
NJ), Renalcal ®  (Nestle Nutrition, Florham Park, NJ)) are designed to be calorically dense and low in 
minerals and electrolytes and are often used for adolescents. However, they have even been used suc-
cessfully prepared at diluted strength for younger children (personal communication via pediatric 
listservs, multiple dates), recognizing that the protein content and the micronutrient profi le should be 
carefully assessed in patients using this product. The protein content of Nepro ®  and Novasource Renal 
 ®  is too high for young children and a low-protein product such as Suplena ®,  should be used instead. 
Renalcal, which has minimal micronutrient content, is typically used as a supplement to other formu-
las. *The magnesium content of these products is signifi cantly higher than in breast milk or infant 
formulas; therefore, serum levels should be monitored closely when transitioning from an infant 
 feeding to one of these products. Table  18.8  summarizes enteral feeding options in pediatric CKD.

       Tube Feeding 

 *Tube feeding is recommended if oral supplementation is unsuccessful in correcting energy and/or 
protein defi cits [ 11 ]. Tubes may also provide access for additional fl uid and sodium supplementation 
and are often used for fl uid needs and liquid medication administration posttransplant [ 100 ]. *Studies 
have routinely demonstrated the effectiveness of tube feeding in preventing and reversing weight loss 
and growth retardation in children of all ages and achieving signifi cant catch-up growth in children 
less than 2 years of age with CKD [ 101 ,  102 ]. In one study, weight and BMI  z -scores, although not 
height  z -scores, were signifi cantly higher in children with gastrostomies versus children who were not 
tube fed. Fortunately, these children were also not at greater risk for overweight or obesity than non-
tube- fed children in the long term [ 32 ]. Various routes of tube feeding (i.e., nasogastric (NG), 
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gastrostomy tube (GT), gastrojejunostomy (GJ), jejunostomy tube (JT)) have all been used success-
fully to provide additional breast milk, infant formula, or enteral feedings by intermittent bolus or 
continuous infusion [ 100 ,  103 ]. Gastrostomies are preferred for long-term use of tube feeding as 
opposed to NG tubes in many centers because the NG tubes are unsightly, can cause irritation to the 
nose and throat, and may disrupt oral-feeding behavior [ 101 ]. *The choice of formula/feeding is 
guided by age, biochemistries, fl uid allowances, and cost. The method of delivery (e.g., continuous vs. 
intermittent bolus) is dependent on the age of the patient, the quantity to be delivered, the composition 
of the formula, gastrointestinal (GI) tolerance (vomiting, delayed gastric emptying, and GERD), and 
safety factors. 

 *Intermittent bolus feeds are used for infants to maintain normal blood glucose levels and to pat-
tern the feeding after normal intake schedules. However, many infants need both daytime bolus feeds 
and nocturnal continuous feedings to meet caloric needs and to allow caregivers the opportunity for 
overnight rest [ 11 ,  96 ]. After infancy, continuous overnight feedings are preferred so as to offer the 
child an opportunity for spontaneous oral intake during the day and freedom from being attached to 
feeding equipment. However, if children are very delayed orally with very minimal oral intake or if 
the total volume needed is too large for a child to tolerate, daytime bolus feeds may still be needed in 
addition to the nocturnal feedings. 

 Feedings are initiated and advanced according to pediatric guidelines and tolerance (see Table  18.9 ). 
Reported complications of tube feeding include emesis, exit-site infection, leakage, and displacement 
[ 104 ,  105 ]. Wherever possible, placement of GT or GJ tubes should occur prior to the initiation of PD 
to decrease the risk of peritonitis [ 104 – 106 ]. *Oral stimulation and nonnutritive sucking should be 
provided to infants totally dependent on tube feeding to help smooth their eventual transition to oral 
feeding, often following successful transplantation. Using a multidisciplinary approach to preventa-
tive and behavioral treatment programs, several centers have reported successful transitioning virtu-
ally 100 % of their patients from tube feedings to complete oral feedings within 2–6 months after 
successful transplantation [ 96 ,  107 – 109 ], illustrating that tube feeding need not preclude development 
of normal oral feeding skills.*

   Table 18.8    Enteral nutrition feeding options for pediatric renal patients   

 Enteral 
feeding option  Comments  Age range for use  Pre- dialysis use?  Dialysis use? 

 Breast milk  Biologically ideal for infant 
feeding and may be used 
for toddlers if available 

 If available, through at least 
1 year of age; may 
continue if available 
and desired by family 

 Yes  Yes 

 Similac PM 
60/40 ®  

 Only infant formula designed 
for CKD patients. May need 
modulars to meet kcal and 
protein needs 

 Infancy and through age 3  Yes  Yes. May need 
protein 
modulars if 
patient is 
receiving PD 

 Nepro ®   High protein “adult” product  Typically ages 10 and older  No  Yes 
 Suplena ®   Low-protein “adult” product. 

Can be diluted for tolerance 
in younger ages 

 Typically ages 10 and older 
but has been used (often 
diluted) in younger ages 
including infants 

 Yes  Typically only in 
young children 

 Novasource 
Renal ®  

 High protein “adult” product  Typically ages 10 and older  No  Yes 

 Renalcal ®   Liquid modular supplement to 
other formulas due to 
minimal vitamin/mineral 
content. Not a stand-alone 
formula 

 Ages 1 and older  Yes  Yes 

  Original table, C. L. Nelms     
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        Parenteral Nutrition 

 *Published guidelines for the use of parenteral nutrition (PN) in children with CKD are limited. There 
are data that 4.5–7.5 % of pediatric patients on dialysis may need nutritional supplementation to 
reverse malnutrition or wasting, beyond what enteral interventions can provide [ 21 ]. *If no fl uid 
restriction is needed, nutrition-related fl uid volumes can be based on daily maintenance fl uid require-
ments. For patients who require a fl uid restriction, more concentrated PN solutions of AA, dextrose, 
and lipids are used. Unless otherwise indicated, goals for PN are 85 % of energy recommendations 
(because there is no thermal effect of feeding) and 100 % of protein recommendations specifi c to the 
child’s stage of kidney disease and type of RRT. Mineral and electrolyte content should be adjusted to 
maintain acceptable serum levels and the acetate and chloride content adjusted to maintain acid/base 
balance.* Standard trace vitamin and mineral supplements may need to be given every other day to 
prevent excesses of those that are not cleared well when renal function is impaired. If possible, the 
provision of water-soluble vitamins daily is optimal as a means of addressing the substantial dialysis- 
related losses. PN may be required more frequently for neonates with renal disease and for those on 
continuous renal replacement therapy (CRRT) due to high nutrient needs [ 98 ,  110 ,  111 ] then for other 
children with CKD. Protein needs are typically higher in both populations and those on CRRT may 
need additional vitamin and mineral supplementation [ 98 ,  110 ,  111 ]. Frequent laboratory monitoring 
and adjustment of PN is critical in both populations [ 110 – 112 ]. 

    Intradialytic Parenteral Nutrition 

 *There is limited evidence of the safety and effi cacy of IDPN as an intervention to reverse malnutri-
tion and improve weight gain in children receiving maintenance HD [ 113 – 115 ]. Children treated with 
IDPN have achieved gains in body weight and BMI and/or percent IBW from receiving 100–150 % 
of the recommended calorie intake from a combination of oral and parenteral AA, dextrose, and lipids 
delivered at each dialysis session over a period of 6 weeks to 6 months. Reported adverse events have 
been minor and have included hypophosphatemia, transient hyperglycemia, lipid intolerance, and 

   Table 18.9    Suggested rates for initiating and advancing tube feedings   

 Age  Age  Age 

  Continuous feedings  
 0–1 years  10–20 mL/h or 1–2 mL/kg/h  5–10 mL/8 h or 1 mL/kg/h  21–54 mL/h or 6 mL/kg/h 
 1–6 years  20–30 mL/h or 2–3 mL/kg/h  10–15 mL/8 h or 1 mL/kg/h  71–92 mL/h or 4–5 mL/kg/h 
 6–14 years  30–40 mL/h or 1 mL/kg/h  15–20 mL/8 h or 0.5 mL/kg/h  108–130 mL/h or 3–4 mL/kg/h 
 14 years  50 mL/h or 0.5–1 mL/kg/h  25 mL/8 h or 0.4–0.5 mL/kg/h  125 mL/h 
  Bolus feedings  
 0–1 years  60–80 mL q 4 h or 10–15 mL/kg/feed  20–40 mL q 4 h  80–240 mL q 4 h or 20–30 mL/kg/feed 
 1–6 years  80–120 mL q 4 h or 5–10 mL/kg/feed  40–60 mL q 4 h  280–375 mL q 4 h or 15–20 mL/kg/feed 
 6–14 years  120–160 mL q 4 h or 3–5 mL/kg/feed  60–80 mL q 4 h  430–520 mL q 4 h or 10–20 mL/kg/feed 
 14 years  200 mL q 4 h or 3 mL/kg/feed  100 mL q 4 h  500 mL q 4 h or 10 mL/kg/feed 

  Reprinted with permission: National Kidney Foundation. KDOQI Clinical Practice Guideline for Nutrition in Children with 
CKD: 2008 update. Am J Kidney Dis 2009;53(suppl 2):S1–S124 
  Note : Calculating rates based on age and per kilogram body weight is useful for small-for-age patients 
 *Goal is expected maximum that child will tolerate; individual children may tolerate higher rates or volumes. Proceed cau-
tiously for jejunal feedings. Goals for individual children should be based on energy requirements and energy density of feed-
ing and therefore may be lower than expected maximum tolerance  
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mildly elevated liver function tests. Improvements in serum albumin concentrations were not observed 
as virtually all of the children had albumin levels in the normal range before IDPN was started.* IDPN 
is typically given as a concentrated amino acid and dextrose solution, with lipid being given sepa-
rately and based on the patients’ tolerance and individual requirements. The primary goal of the 
therapy is an increase in protein intake with a modest increase in kcal intake [ 116 ]. The KDOQI nutri-
tion guidelines recommend the use of IDPN if oral supplementation and subsequent tube feeding do 
not meet the nutritional needs and goals of children with CKD [ 11 ].  

    Intraperitoneal Amino Acid Dialysis* 

 The use of a dialysate-containing mixture of essential and nonessential AA instead of glucose as the 
osmotic agent has improved protein malnutrition and nitrogen balance in a small number of children 
receiving PD who are unable to maintain adequate protein intake [ 117 ,  118 ]. In most cases, one 
exchange per day is replaced with the AA dialysate, with 50–90 % of the infused AA absorbed. To 
avoid using the AA for energy, the solution is typically given during the day when meals/snacks pro-
vide a source of calories; however, giving the AA overnight via the cycler, coupled with the standard 
glucose dialysate as an energy source, has also been successful [ 117 ]. Despite the theoretical benefi ts 
of this approach, the routine use of intraperitoneal amino acid dialysis (IPAA) is impractical due to 
cost and a commercial preparation is not available in the United States.   

    Transplant 

 Although there is no cure for CKD, transplant is the desired treatment option for children with ESKD 
to improve their quality of life and ideally their longevity. Nutritional care may contribute to the 
expected duration of the functioning transplanted kidney and the overall health of the patient. At the 
same time, it must be recognized that medications necessary for the maintenance of the functioning 
allograft may be associated with side effects, such as nausea, diarrhea, mouth sores, and taste changes 
which can have a negative impact on nutritional management [ 119 ]. These side effects may be of 
greatest concern when medication doses are highest, such as immediately post transplant or when 
treating a rejection episode. Food safety is also of the utmost importance in this immune- compromised 
population but is all too often neglected as part of posttransplant education [ 11 ]. The clinician must 
work with the patient and family to optimize good nutrition through these challenges. 

 *Following successful transplantation, immunosuppressive therapy using high-dose prednisone 
characteristically stimulates appetite, and calorie control is needed to prevent excessive weight gain. 
This becomes a new issue for children who have previously struggled to consume suffi cient calories. 
Posttransplant weight gain can be particularly upsetting for the adolescent age group. Preparatory 
education on the benefi ts of caloric restriction and increased physical activity for weight control 
should begin well before transplantation occurs.* Newer immunosuppressive regimens that are based 
on a steroid withdrawal or a steroid avoidance protocol may help prevent excessive weight gain and 
other steroid-related side effects. 

    In addition to the issue of weight gain, when glucocorticosteroids are used, along with immuno-
suppressive agents such as tacrolimus, increase insulin secretion, causing impaired glucose tolerance, 
glycosuria, and a relative resistance to insulin, leads to diabetes in approximately 5–20 % of children 
[ 120 ]. Avoidance of simple carbohydrates, weight control, and physical exercise are prescribed to 
assist in the management of steroid-induced diabetes. Excess concentrated sweets may also induce 
hyperglycemia, especially when medication doses are highest [ 11 ]. 
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 Almost 80 % of children are hypertensive 1 month after transplantation due to the effects of many 
of the immunosuppressive medications, mandating dietary sodium restriction [ 121 ]. Risk of hyperten-
sion does decrease over time, but many posttransplant patients will continue to have hypertension or 
need medication to control hypertension. The KDOQI guidelines recommend limiting sodium intake 
to the DRI for age in hypertensive children [ 11 ]. 

 *In the immediate posttransplant period, protein needs are thought to be increased by approxi-
mately 50 % in association with surgical stress and the catabolic effects of steroids, decreasing to the 
normal recommendations for age around 3 months after transplantation. Energy needs are thought to 
be the same for kidney transplant recipients and healthy children. Of course, adjustment to caloric 
intake may be needed to address weight loss or gain. Macronutrient distribution should fall in the 
range of the AMDR, and heart-healthy guidelines, such as limitation of saturated and trans fat, are 
encouraged [ 11 ]. Hyperlipidemia is a common side effect of the medications used and the provision 
of 3–4 g of omega-3 fatty acids has been shown to be effective in lowering lipids in adolescents [ 122 ]. 
Traditional measures such as statins are typically effective as well. 

 *Multivitamin therapy is rarely needed after a successful renal transplant because dietary restric-
tions are not warranted and appetite signifi cantly improves. However, if intake remains poor or the 
quality of the diet is less than desired, a general, age-appropriate multivitamin may be warranted. It is 
important to correct any abnormal electrolyte levels. Magnesium and phosphorus wasting and potas-
sium retention commonly occur in the early posttransplant period and supplementation may be 
required [ 11 ,  121 ]. A liberal dietary intake of phosphorus-rich foods and fl uids is also often encour-
aged in the early transplantation period to help manage hypophosphatemia. *Glucocorticosteroid 
therapy can induce osteoporosis; therefore, calcium supplementation may be necessary for children 
unable to meet the DRI for calcium [ 123 ]. KDOQI guidelines mirror recommendations for all CKD 
populations, encouraging 100–200 % of the DRI [ 11 ]. 

 *A high fl uid intake is required posttransplantation to maintain good perfusion of the transplanted 
kidney and to prevent toxicity from immunosuppressive agents due to dehydration [ 121 ]. Adequacy 
of hydration is a key education point and its importance should be discussed frequently both pre- and 
posttransplant. Fluid needs may range from 1.5 to 4 L/day depending on size and activity. Young 
children with adult-sized transplanted kidneys may need a very high amount of fl uid per body surface 
area to perfuse the large kidney. One protocol recommends 2,500 mL × body surface area (2,500 mL/
m 2  BSA) for 6–12 months posttransplant [ 124 ]. Young children who receive large kidneys may also 
require sodium supplementation to enhance renal perfusion. See Table  18.10  for a summary of pedi-
atric renal transplant nutrition guidelines.

   Table 18.10    Nutrition for pediatric renal transplant   

 Energy  EER for age. Avoid excess weight gain 
 Protein  Initially 150 % of the DRI for surgical healing, then DRI long-term 
 Carbohydrates  AMDR, limit simple carbohydrates 
 Fat  AMDR, limit trans and saturated fat, especially in the presence of dyslipidemia 
 Sodium  Restrict to UL to prevent HTN except in young children with urinary losses. Young children 

may need supplementation to perfuse adult-sized kidneys 
 Potassium  Some may need restriction due to medication-related retention, particularly early posttransplant 
 Calcium  100–200 % of DRI for age 
 Phosphorus  May need to supplement during initial posttransplant period 
 Magnesium  May need to supplement during initial posttransplant period 
 Vitamins  Supplement only if evidence of defi ciency in diet. Some may need additional vitamin D 
 Other minerals  Supplement only if evidence of defi ciency in diet. Some may need additional iron 
 Fluid  1.5–4 L/day depending on urine output. Young children may need a high amount for their size 

to perfuse adult-sized kidneys 

  Data from: National Kidney Foundation. KDOQI Clinical Practice Guideline for Nutrition in Children with CKD: 2008 
update. Am J Kidney Dis 2009;53(suppl 2):S1–S124  
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       Transition 

 As technology and medical expertise for chronic illnesses such as CKD advances, children affected 
by it are no longer expected to expire before reaching adulthood. It is estimated that there are nearly 
7,000 adolescents on dialysis and 11,000 with kidney transplants in the age range of 15–24, consid-
ered the emerging adult phase [ 125 ]. This group provides multiple challenges as they prepare to 
move or “transfer” from pediatric-focused care to adult-focused care. The process of “transition” is 
defi ned by Bell et al. [ 126 ] as “a deliberate, planned, and focused process, in which adolescents and 
emerging adults with chronic illness assume progressively increasing responsibility for the manage-
ment of their health.” The AAP [ 127 ] recommends that planning for transition start at age 14 and that 
this plan be reviewed at least annually, with follow-up and review after the actual transfer to adult 
care has taken place. Gradually shifting responsibility for nutritional and other medical care to the 
patient and focusing education and intervention toward the patient (vs, the parent) should be done 
during this time [ 125 ]. 

 When considering the emerging adult, it is important to remember that the typical primary cause 
of renal failure in this patient population is very different than most adult patients. Comorbidities are 
typically related to urinary or bladder issues, and effects of autoimmune disorders or cognitive delays 
as opposed to manifestations of diabetes or other common adult causes of renal failure. Nutrition 
education must be conducted with this in mind. 

 Issues such as short stature, impaired self-esteem, and delays in sexual and developmental matura-
tion may result in “juvenilization”—or treatment of these young adults as younger than they are. This 
can lead to healthcare providers and family members not expecting mature decision making and 
healthcare responsibility, all of which can result in dependence and nonadherence. It is estimated that 
at least a third of adolescents with a transplant are nonadherent and adolescents and young adults 
account for the highest rates of acute and chronic rejection and graft loss [ 126 ,  128 ]. Cognitive func-
tion, especially that which affects reasoning and decision making, continues to develop well into the 
20s. Therefore cognition is an issue that must be accounted for in patient education pertaining to 
medication and nutritional management [ 125 ]. 

 It is also important for the healthcare team to address concerns related to sexuality and reproduc-
tion in the context of the chronic medical condition. If reproduction is deemed a possibility, the dieti-
tian should prepare nutritional counseling geared to such [ 126 ]. Risky behaviors affecting nutrition 
and medical care, such as alcohol or drug intake must be addressed as well [ 129 ]. Self-identifi cation 
is peaking at this time. Social issues such as employment, income, and obtaining self-insurance must 
be addressed and are paramount to adherence to nutritional and health regimens, as affordability of 
nutritious food, medication, and health care may be affected. Young adults also are more likely to 
question medical care recommendations and may benefi t from interactions with healthcare providers 
that are frank, allow for questions, respectful of confi dentiality, and make the patient feel autonomous. 
It may take time to build trust and understanding [ 126 ,  129 ]. Pediatric dialysis and transplant centers 
also typically have a higher staff to patient ratio and emerging adults may need greater individual 
attention, at least at fi rst, after transition to an adult-focused center [ 128 ]. A close working relation-
ship between the transferring pediatric center and the accepting adult center is ideal, with communica-
tion between comparable clinicians. An offi cial “transition clinic” reviewing healthcare needs, 
including nutrition, is recommended in settings that permit its development. In free-standing chil-
dren’s hospitals, occasional interaction between the adult care providers and the emerging adults prior 
to transfer followed by attendance of a representative from the pediatric facility at the fi rst visit of the 
patient to the adult center is benefi cial [ 129 ].  
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    Summary* 

 Nutritional therapy is vital to the management of children with CKD. Children and adolescents are 
confronted with frequent dietary modifi cations that occur concurrently with signifi cant changes in 
growth, development, and independence [ 130 ]. As a result, optimizing nutritional status is a continu-
ing process that requires frequent monitoring and adjustments to the nutritional plan based on changes 
in age, development, growth, and body composition, laboratory values, residual renal function, RRT, 
medications, and psychosocial status. 

 A registered dietitian with pediatric renal experience should be the central individual in nutrition 
and dietary management [ 11 ,  130 ] in collaboration with the nephrologist, nurse, social worker, and 
other CKD professionals [ 131 ]. Input from the child/adolescent and caregivers is essential as well. 
Consistent promotion of the benefi ts of dietary modifi cation and provision of practical information 
and emotional support to children and their families can positively infl uence adherence and clinical 
outcomes and minimize stress around nutritional issues.  

    Case Study* 

 AB is a 5-day-old infant who presents with oliguria, BUN 55 mg/dL, Cr. 2.8 mg/dL, K +  7.5 mEq/L, 
Ca 2+  8 mg/dL, and PO 4  7.0 mg/dL. Investigations reveal that he has CKD due to PUV and dysplastic 
kidneys. Following surgical correction of his PUV, BUN, creatinine, and biochemistries improve, but 
he becomes polyuric and continues to have high urine output long-term.  

    Questions 

     1.    What infant feeding would you choose for him during the initial presentation? What formula 
would you choose following surgical correction of his PUV? What will be the most important 
nutritional management issues if his CKD advances? 

 Answer: Breast milk would be the preferred source of nutrition; if not, Similac PM 60/40 ®  
infant formula. With normalization of his serum potassium and phosphorus levels, he can continue 
on breast milk or be switched to a standard infant formula. He will continue to have high urine 
output, requiring a high fl uid intake and sodium supplements for high sodium excretion. He will 
innately prefer to drink water over formula and his high fl uid intake will decrease his appetite for 
solids. He may need energy supplementation of his feedings or tube feeding to meet both his calo-
rie and fl uid requirements. 

  Follow - up : By 15 months of age, his GFR has dropped to approximately 35 mL/min/1.73 m 2 . 
His PTH is 350 pg/mL, ionized Ca 2+  1.09 mmol/L, K +  5.8 mEq/L, and his PO 4  is 6.8 mg/dL. He 
takes very small amounts of solids and has been resistant to progress beyond jarred baby foods; 
however, now he is showing some interest in foods his parents eat. He drinks 1.5 L of water daily 
and receives continuous overnight g-tube    feedings. A local pediatrician placed him on a standard 
pediatric enteral feeding product (e.g., Pediasure) after 1 year of age. His rate of weight gain is 
slowing and his weight/length curve on the growth chart has decreased from 25 to 50 percentile to 
~10 percentile.   

   2.    What specifi c formula and diet modifi cations do you need to discuss with his caregivers? 
 Answer: The dietitian should review the low-phosphorus diet with his caregivers. Parents need 

to become knowledgeable about the makeup of a low-phosphorus diet and timing of phosphate 
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binders, when prescribed. A change of the enteral formula to a renal product, likely fortifi ed 
Similac PM 60/40 ® , should be considered so that the phosphorus and potassium load could be 
reduced. Consideration could also be given to add a daytime feeding to his routine which could be 
something that the daycare is able to administer. 

  Follow - up : At age 4 years, AB will be starting preschool and at the same time needs to initiate 
peritoneal dialysis.    

    3.    What nutritional interventions will you implement? 
 Answer: If AB continues to need enteral product supplementation at this age, it may need to be 

adjusted to provide additional protein to compensate for the peritoneal losses. This can be done 
with the addition of a protein modular. He should also be on a pediatric or diluted adult renal prod-
uct if he is not already. AB’s serum potassium level should be monitored as potassium needs may 
vary depending on the dialysis prescription used. His parents should continue to be educated on the 
phosphorus content of table foods and drinks. As AB eats more solid food, his intake of sodium 
should be assessed and sodium supplements adjusted if needed. 

  Follow - up : After 18 months on PD, AB receives a living-related donor kidney transplant. His 
urine output increases to 3 L/day. He becomes hypertensive, hyperkalemic, hypophosphatemic, 
and hypomagnesemic on immunosuppressant therapy.    

    4.    How will you adjust his nutritional regimen? 
 Answer: As soon as kidney function is in an appropriate range, if he is not yet on a full solid oral 

diet, his feeding should be converted back to a standard pediatric product, and any dietary phospho-
rus restriction should be discontinued. If possible, over the next few months the calories provided by 
the g-tube should be decreased to stimulate hunger. When AB is able to take approximately 75 % of 
his calorie requirements orally, hold his g-tube feeds for at least 1 month to be sure he can further 
increase his intake before removing his g-tube. AB’s parents should also be educated about the 
nutrition-related side effects of his immunosuppressive therapy. Education should be provided about 
a low-sodium, low-potassium diet as well. Monitoring of AB’s weight and serum glucose, choles-
terol, and triglyceride levels should also occur. As he begins to gain weight, discussions about nutri-
tion-related issues should address portion sizes, highlighting foods and drinks that are low in simple 
sugars and contain small amounts of “heart-friendly” fats. The importance of daily physical activity 
to support weight gain that is a healthy combination of muscle and fat mass should be emphasized. 
As immunosuppressive therapy decreases, dietary restriction of potassium restrictions and supple-
mentation of phosphorus and magnesium supplementation may be able to be discontinued.    
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    Introduction 

 In 1900, the percent of the population in the United States that was age 65 or older was 4.1 %. The growth 
of this segment of the population has increased signifi cantly since the turn of the century. The older adult 
represented 13 % of the population in 2010 and population estimates suggest continued growth as high 
as 16.2 % in 2020 and 20.2 % in 2050 [ 1 ]. Rates of CKD are increasing with a trend towards multiple 
comorbidities including congestive heart failure (CHF) and diabetes mellitus (DM). Chronic diseases 
including CKD can leave the individual more frail than their peers and dramatically increase morbidity 
and mortality risks. Based on these trends, a geriatric approach, meaning a focus on maintaining func-
tional capacity and quality-of-life, may be benefi cial for care of the older patient with CKD. This requires 
collaboration among the healthcare team members and referral to community resources. 
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 Key Points 

•     To describe the population shifts concerning older Americans and profi le the psychosocial aspects 
and comorbid disease states of the aging adult.  

•   To identify the normal physiological changes of aging and changes associated with chronic kidney 
disease (CKD).  

•   To review risk factors associated with coupling of aging and CKD.  
•   To provide guidelines for nutritional assessment and management utilizing a geriatric focus.    
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 With improvements in medical technology, decreased birth and mortality rates, the number of 
persons over the age of 65 is increasing [ 2 ]. By defi nition, any person over age 65 is defi ned as an 
older adult. An increased understanding of the needs of the older adult is necessary, since this popula-
tion has increased by 15.3 % or 5.4 million from 2000 to 2010, to a total of 40.4 million people [ 2 ]. 
The 85 and older population is predicted to grow from 5.5 million in 2010 to 6.6 million in 2020. In    
2010, 20 % of the 65 years of age and older population were minorities, increasing from 16.4 % in 
2000. Growth estimates for 2030 indicated continued increase in the older minority segment of the US 
population to 26.4 % with women outnumbering men at 21 vs. 14.9 million [ 2 ]. The average life 
expectancy for individuals 65 years of age as of 2010 is an additional 18.8 years [ 2 ].  

    Profi le of Older American 

 Psychosocial factors impact the lives of older adults, since it can directly affect how they handle 
chronic disease. In 2010, the profi le of older Americans revealed the following [ 2 ]. 

    Marital Status and Living Arrangements 

•     72 % of men are married vs. 42 % of women, and they live with their spouse.  
•   29 % of non-institutionalized older persons live alone; 8.1 million women, 3.2 million men.  
•   10 % of men have alternative living arrangements vs. 19 % of women.  
•   11.3 % of older Medicare enrollees receive formal/informal personal care from others.     

    Economic Status 

•     18.3 % of men are employed vs. 10.7 % of women.  
•   The median income for men is $25,704 vs. $15,072 for women.  
•   9.0 % of elderly live below the poverty level vs. 7.3 % of women.    

 The major source of income as reported by older adults in 2009 was social security (87 %), income 
from assets (53 %), private pensions (28 %). The social security benefi t accounted for 38 % of the 
aggregate income of the older population. 

 Older Americans have at least one chronic disease, with the highest percentages reported for heart 
disease, HTN, arthritis, cancer, or DM [ 3 ]. This has remained unchanged as of data available through 
2010 [ 3 ]. As the number of chronic diseases increases, the annual number of prescriptions increases 
by almost twofold. In 2004, average prescription costs were $207 per month [ 2 ]. An older American 
with four or more chronic diseases spent an average of $3,862.00 per year on prescription drugs. It is 
clear that chronic disease can be deemed costly on many levels.   

    Normal Physiological Changes 

 To fully understand the unique challenges of treating the aging adult, it is instructive to review the 
common physiological changes that occur as a result of the normal aging process. Such information 
will provide a foundation for later when the aging adult diagnosed with CKD is discussed. 
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    Sensory 

 Sensory changes can impact activities of daily living (ADL), social interaction, ability to learn, as well 
as one’s eating abilities and food choices. Decreased dentition and increased cavities are associated 
with aging [ 4 ]. Dental care is a high out-of-pocket healthcare expense and is often seen as not neces-
sary or justifi able in the aging population. An increased risk for macular degeneration, a loss of central 
vision, is the most common cause of legal blindness in the aging adult [ 4 ]. This results in increased 
diffi culty reading small print and the need for more lighting. Loss of high-frequency sensitivity, impair-
ment of frequency discrimination, sound localization, and speech discrimination impact hearing [ 4 ]. 
Older adults often do not complain of hearing loss, but of an inability to understand what is said [ 4 ].  

    Skin 

 Skin changes can result in increased risk exposure to the aging adult. The epidermis, the outer layer, has 
decreased turnover resulting in poor wound healing, increased drying, decreased photo protection (i.e., 
the skin burns easier), and decreased vitamin D production [ 5 ]. Dermal, the under layer, has a 20 % loss 
of thickness leading to transparent skin, increased risk of heat stroke and hypothermia due to decreased 
thermoregulation, and decreased hypersensitivity reactions [ 5 ]. The subcutaneous layer atrophies 
impacting heat, insulation, caloric reserves, and loss of the shock absorber feature. Nail thickening and 
decreased skin growth rates lead to an increased risk of skin trauma and heightened foot problems [ 5 ].  

    Respiratory 

 Aging can result in increased susceptibility to pneumonia. There is decreased infl ation, secretion 
expulsion, vital capacity with increased lung volume, and poor ciliary function which leads to 
decreased cough refl ex [ 6 ]. There is also decreased oxygen uptake by the cells, largely caused by an 
anterior-posterior chest wall increase with transverse decrease which leads to kyphosis, calcifi cation 
of the costal cartilage, and reduced rib motility; equating to less deep breathing [ 6 ].  

    Cardiovascular 

 Aging-related changes can lead to structural changes in the heart and the risk of systolic hypertension. 
The heart muscle mass increases with left ventricle wall thickening and deposits of collagen, which alter 
pumping function; valve leafl ets thicken and increase in circumference leading to an increased risk of 
valvular stenosis and regurgitation; arterial intimal thickening occurs and collagen in vessels leads to nar-
rowing and decreased cardiac perfusion; the left ventricle systolic function is unchanged; there is 
decreased compliance of left ventricle diastolic function with increased early diastolic left ventricle fi lling 
[ 7 ]. In the vessels, there is decreased compliance, leading to increased risk of systolic hypertension [ 7 ].  

    Gastrointestinal 

 Drug breakdown and metabolism can be affected by aging as well as vitamin and mineral metabolism. 
Decreased saliva fl ow, some impaired tongue movement during swallowing, decreased acid 
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production, and increased gastrin production may alter the breakdown of drugs. An increased intesti-
nal transit time and motility leads to a decreased absorption of calcium, vitamin D, B 12 , folate, and 
iron. Once the GI (gastrointestinal) mucosa, musculature, and transit time are decreased in colon, 
there is an increased risk of diverticular disease. In the aging adult, the diminishing size of the liver 
along with decreased hepatic blood fl ow can alter drug metabolism [ 8 ].  

    Musculoskeletal 

 A    decrease in lean body mass, total body water, and bone density, increased adipose tissue, and carti-
lage loss in weight-bearing joints increase the risk of osteoarthritis and signifi cantly decrease in mus-
cle strength and speed of contractility [ 9 ].  

    The Kidneys 

 There is a spontaneous and regular decrease in renal function with age, starting at age 40 [ 10 ]. This 
results in an estimated renal function at about 70 mL/min or less at age 80, without having developed a 
specifi c kidney disease. In addition many antihypertensive medications act on kidney by increasing 
sodium loss (furosemide) or by reducing glomerular pressure such as angiotensin converting enzyme 
inhibitors (ACEIs) or anti-angiotensin II blockers. Older adults also have decreased thirst mechanisms, 
which can lead to dehydration and potential kidney injury [ 10 ]. In addition, there is an increase in redu-
plication and focal thickening of both the glomerular and the tubular basement membrane [ 11 ]. There 
is also decreased renal plasma blood fl ow and diminished creatinine production; increased sodium 
conservation along with decreased sensitivity to antidiuretic hormone; diminished plasma renin and 
aldosterone levels; increased prevalence of hyperkalemia, impaired ammoniagenesis, impaired maxi-
mal urinary concentration, and impaired water excretion [ 11 ,  12 ]. Thus if patients also present with 
hypertension and/or diabetes, there is a high probability that they have actual kidney disease.   

    Aging and Kidney Function 

 Aging does not automatically mean progressive CKD. Based on the National Health and Nutrition 
Examination Survey (NHANES) III data, the mean GFR for individuals 60–69 years of age was 
85 mL/min/1.73 m 2  and 75 mL/min/1.73 m 2  for persons 70 years of age, with 25 % of all Americans 
over the age of 70 noted to have moderate to severe decreases in kidney function [ 13 ]. Serum creati-
nine levels can be inversely impacted by many chronic illnesses, such as cardiovascular disease 
(CVD), thereby affecting muscle mass, promoting malnutrition, infl ammation, frailty, and decreased 
kidney function, that is not obvious unless the GFR is calculated [ 14 ,  15 ]. Women typically have 
lower muscle mass and hence lower serum creatinine values than men. All of these factors support 
the need to use GFR calculations as opposed to relying on the serum creatinine values to defi ne CKD 
[ 15 ,  16 ]. 

 However, the best method to estimate kidney function in the elderly population is being redefi ned. 
The use of a simplifi ed MDRD equation has been recommended since it is less affected by age than 
other formulas [ 17 ].  
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    Aging and CKD Risk Factors 

 CKD typically arises in the presence of other chronic conditions. Diabetic nephropathy is the most 
common cause of CKD and accounts for 55 % of all patients initiating renal replacement therapy 
(RRT) [ 18 ]. In the aging population, diabetes is a main contributor as well but a growing number of 
persons, 17 %, have CKD in the presence of CHF [ 18 ]. Twenty-two percent of persons over the age 
of 65 have all three comorbid conditions (CKD, DM, and CHF), which equates to a “triple threat” 
[ 18 ]. Such multiple risk factors are far less common in those under the age of 65 years; with less than 
7 % of the population experiencing these comorbidities [ 18 ]. 

 The primary focus of treatment for CKD is reversing or slowing the progression of CKD as well as 
the management of renal complications. Controlling the risk factors for CVD should be the major area 
of focus [ 11 ,  16 ]. This should be done using established national guidelines such as The Seventh 
Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High 
Blood Pressure (JNC 7) and the Kidney Disease Outcome Quality Initiative (KDOQI) guidelines for 
blood pressure control [ 19 ,  20 ]. Treatment for dyslipidemia should be based on the guidelines of 
KDOQI and the National Cholesterol Education Program Adult Treatment Plan III (NCEP ATP III) 
[ 20 ,  21 ]. Persons with CKD should be considered in the highest risk category for CVD [ 21 ]. Since 
DM is a risk factor for CVD, establishing glycemic control with glycated hemoglobin (HgbA1C) 
<7–8 % based on the American Diabetes Association guidelines is essential [ 22 ]. 

 The average age of dialysis recipients is increasing, with the median age for the incident population 
at 64.8 years with the majority choosing in-center hemodialysis. According to the latest United State 
Renal Data Systems, older persons in the 65–74-year age range have the highest prevalence rates 
among all other age groups, while the incidence and prevalence rates increase to 47–50 % in those 
adults 75 years of age and older [ 18 ]. Three-fourths of all older persons begin RRT with fi ve or more 
comorbid disease states. CVD, primarily CHF and ischemic heart disease, occurs 2 years prior to RRT 
at the alarming rates of 90 % in people with diabetes and nearly 70 % in those without diabetes [ 18 ]. 

 It has recently been reported that within each stage of CKD as evaluated by estimated glomerular 
fi ltration rate (eGFR) equation that the rates of treated vs. untreated kidney failure were up to more 
than tenfold higher in younger compared with older individuals [ 23 ]. Age groups were divided into 
groups for analysis and spanned 18 to greater than 85 years of age. This study based in Alberta, 
Canada suggests that rates of untreated kidney failure are signifi cantly higher in older than younger 
people. Defi ning and recognizing progressive kidney disease, how to do so, and what changes in 
eGFR actually clinically indicate in the elderly population is an area of continued debate. 

    Heightened Risks in Older Adults with CKD 

 Older adults with CKD tend to have multiple comorbidities, which coupled with the effect of aging, 
can leave the individual more frail than their peers [ 24 ]. It is important to be aware of the increased 
risks in order to decrease morbidity and mortality in older persons [ 25 ]. Changes in the musculoskel-
etal system with aging as well as chronic disease can have a negative impact on physiological function 
and can lead to frailty that is a precursor for disability [ 16 ,  25 ]. Frailty is characterized by self-
reported weakness, fatigue, balance or gait disorders, undernutrition, and an impaired ability to 
recover from insult leading to impaired homeostatic reserve, malnutrition, decreased mobility, or 
functional loss related to diseases such as cerebrovascular accident (CVA), Parkinson’s disease, or 
arthritis [ 16 ]. Shlipak found that elderly persons with CKD were three times more likely to be frail 
than their counterparts with normal kidney function [ 25 ]. 
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 As the healthcare team looks at managing the risk factors for CVD, they need to be aware of the 
following areas: hypotension, increased falls risk, vascular dementia, protein energy wasting, anemia, 
and bone disease.  

    Hypotension 

 There are multiple causes for hypotension including drug effects, aging in the presence of DM or 
CHF/left ventricular hypertrophy, postprandial effects in the presence of severe autonomic nerve sys-
tem dysfunction. For those individuals receiving maintenance dialysis, there are added factors such as 
rapid fl uid removal, inappropriate dry weights, and lower pretreatment blood pressures that can lead 
to persons being under dialyzed [ 26 ,  27 ].  

    Increased Falls Risk 

 Falls risk can be related to polypharmacy, impaired mobility, DM with impaired sensory neuropathy, 
autonomic neuropathy and/or visual impairment, orthostatic hypotension, renal osteodystrophy, and/
or the risk of osteoporosis [ 16 ,  26 – 28 ]. In addition, depression can impact judgment and safety aware-
ness, which can increase falls risk. Falls risk in elderly dialysis patients is high with a 4.4 relative risk 
of hip fracture and the resultant mortality at 1 year being 2.5 times greater; the fall rates in this group 
are close to the rates in nursing homes [ 28 ,  29 ]. Falls can also lead to further decreases in mobility, 
which can directly impact ADLs and instrumental activities of daily living (IADLs) such as shopping 
and meal preparation.  

    Vascular Dementia 

 Vascular dementia increases in CVD with CKD, DM, and increased age [ 30 ,  31 ]. Cognitive impair-
ment with vascular dementia is the leading cause of morbidity and mortality in CKD [ 16 ]. The indi-
vidual with vascular dementia will have areas of intact function contrasted with others of profound 
impairment and task-specifi c disabilities based on the location of the vascular event in the brain [ 16 ]. 
The Kidney Disease Quality of Life Cognitive Function (KDQOL-CF) Subscale can be used to screen 
for cognitive function and help determine who needs further work-up [ 32 ]. Individuals on beta- 
blockers and those with higher educational backgrounds scored higher on the KDQOL-CF [ 32 ].  

    Protein Energy Wasting 

 Older persons need to be screened and/or treated for wasting in stages 3–5 CKD, since it is strong 
predictor of morbidity and mortality [ 11 ,  16 ,  33 ], with survival signifi cantly infl uenced by age, level 
of serum albumin and pre-albumin level, body mass index, and presence of DM [ 34 ]. Based on valida-
tion studies of the KDQOL-CF tool, malnutrition is a strong predictor of cognitive impairment in 
addition to other factors such as stage 5 CKD, stroke history, presence of peripheral vascular disease 
(PVD), use of benzodiazepine, higher serum phosphorus levels, and lower serum albumin [ 32 ].  
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    Anemia Management 

 Management of stages 3–5 CKD in older adults includes screening for and/or treating anemia [ 11 ]. 
Functional iron defi ciency anemia has been shown to be less common in elderly persons on hemodi-
alysis, though iron is not readily absorbed in the aging gut. It is important that the healthcare team 
evaluate causes of anemia, since older adults are at increased risk for folate and vitamin B 12  defi cien-
cies, diverticular disease and cancers, and typically require lower doses of erythropoietin [ 35 ]. A 
supplemental iron treatment is often recommended, being more effi cient when given intravenously 
before starting an erythropoietin stimulating agent (ESA). An ESA may be initiated when indicated 
by hemoglobin levels; frequently indicated when eGFR decreases below 30 mL/min.  

    Bone Disease Management 

 Since screening is occurring at earlier stages of CKD and is included as part of the National Kidney 
Foundation’s Kidney Early Evaluation Program (KEEP), management of bone disease is addressed 
across the spectrum of kidney disease. Evaluation incorporates screening for and/or treating vitamin 
D defi ciency/insuffi ciency, calcium and phosphorus metabolism, and hyperparathyroidism. Coupled 
with the bone health risk factors associated with CKD are the additional risks for osteoporosis, vita-
min D defi ciency, decreased mobility, and the lack of weight-bearing exercises in the older adult [ 10 , 
 15 ,  16 ]. The most common type of renal osteodystrophy in the geriatric patients with CKD is osteitis 
fi brosa; with clinical manifestations including proximal muscle weakness in the lower extremities, 
vascular or soft tissue calcifi cation, fractures or bone pain, and intractable pruritis [ 36 ]. The    symptoms 
can have signifi cant impact on the individual’s quality-of-life in terms of their ability to perform 
ADL’s and IADL’s freedom of movement. A treatment by cholecalciferol may be recommended since 
CKD patients are often defi cient. Supplemental calcium (not to exceed 1,500 mg/day) may be pre-
scribed if nutritional intake of calcium is below 500–800 mg/day.   

    Geriatric Focus 

 Because of the increasing age of the CKD population and the multiple comorbidities associated with 
this cohort, a geriatric approach to care may be benefi cial. The goal of the geriatric focus is to main-
tain functional capacity and quality-of-life [ 28 ,  37 ,  38 ]. When assessing the nutritional status of older 
adults, the assessment should be based on their physiological and psychosocial state, keeping this 
geriatric focus in mind. 

    Barriers to Care 

 It is important to assess barriers to care including making observations about sensory defi cits in order 
to maximize the teaching environment and to provide the right instructional medium. If the individual 
is hard of hearing, ask the person when it is easiest for them to hear. They will often note that it is hard 
to hear in crowds or with background noises, so choose a teaching site that is away from this environ-
ment. For those with visual defi cits or of low-literacy levels, the educational materials need to be 
chosen carefully: the paper should not be glossy to minimize glare, the paragraphs should be double 
spaced, and the font should be large (16 point) using plain block-type letters in black print [ 39 ]. 
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 When assessing an individual’s nutritional status, it is essential to be mindful of obstacles that may 
make the typical plan of care impractical. If the older person with CKD is not the primary person 
doing the shopping or cooking or if the person has cognitive impairment, have the spouse/caregiver 
present during the education session. There may be limited meal preparation/cooking skills due to role 
change, lack of caregiver, and change in living situation/economic status that may require the reliance 
on ready-to-eat, frozen entrees or community-sponsored meals/food banks. Listen for cues that sug-
gest fi nancial diffi culties such as food avoidance, reporting medications are expensive, or history of 
the person not taking the medications as directed to make them last longer. In a caring, compassionate, 
and non-threatening manner, any healthcare team member can ask about fi nancial concerns or short-
falls, which impact the older adult’s ability to appropriately take part in their self-management. 

 Be aware of an increased risk of depression, since it can also impact functional status. It can result 
in weight changes, changes in activity and sleep patterns, increased risk of falls, uncontrolled pain, as 
well as decreased interest in following dietary modifi cations or taking medications as instructed. All 
healthcare team members have an obligation to communicate their observations/suspicions to other 
team members if they suspect the presence of depression.  

    Geriatric Assessment 

 Much of the focus when working with the older individual with CKD is on the development of a solid 
foundation for lifestyle modifi cation to reduce risk factors for CVD. A fi rm foundation must be laid 
before it can be built upon, with specifi c individualized needs arising as a result of CKD progression. 
Much of this foundation is based on the JNC 7 criteria including: weight management/loss to maintain 
BMI between 18.5 and 24.9 kg/m 2 ; assessment of metabolic syndrome/prediabetes based on the 
NCEP ATP III criteria; reduction in dietary sodium along with reduced total fat and saturated fat; 
aerobic physical activity for 30 or more minutes, most days of the week; moderate alcohol consump-
tion; and smoking cessation if needed [ 19 ]. 

 The changes in the musculoskeletal system, as well as an increased risk of edema due to CKD, heart 
failure (HF), or PVD, can make the nutrition assessment challenging. With musculoskeletal changes and 
decreased activity levels, the basal metabolic rate and total energy intake level declines. The total energy 
intake level appears to be 30–35 kcal/kg of standard body weight/day for the older adult [ 20 ]. With the 
ultimate goal of achieving/maintaining an adequate BMI, laboratory values should be monitored to 
assess the risk for DM, weight and/or subjective global assessment should be monitored for changes, 
and nutritional interviews/diaries monitored for signs of deterioration in nutritional status [ 20 ]. Daily 
protein intake is generally less than that consumed by average population at levels of 0.6–0.75 g/kg of 
standard body weight/day for stages 3–4 CKD [ 22 ]. The challenge is to maintain a balance between 
symptoms of azotemia and protein malnutrition as aversions to protein occurs. Proteinuria also needs to 
be assessed since it serves many purposes. It substantiates the prognosis for kidney disease progression 
as well as premature CVD and serves as a guide to therapy, especially concerning the use of ACEIs in 
patients experiencing profound proteinuria [ 20 ]. 

 A complete nutritional assessment involves a review of documented medical problems to deter-
mine how to satisfy the individual’s nutritional needs and diet modifi cations. It is important to ask the 
older adult about any special diets or avoidance of any specifi c foods in order to get a sense of their 
understanding of the diet and disease needs. Such gentle probing is imperative because many older 
persons become overwhelmed as they try to compartmentalize all of the diet information they may 
have received over the years. 

 Dietary sodium modifi cation is the cornerstone of managing the risk factors for CVD. Older adults 
tend to be more sensitive to changes in sodium load. It has a direct impact on blood pressure, fl uid 
status, and medication effi cacy. Often times if blood pressure or fl uid status are not controlled, the fi rst 
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line of defense in the healthcare setting is medication adjustment/addition as opposed to an evaluation 
of dietary intake, cognition and behavior, or fi nancial status. A dietary evaluation of an increased 
sodium and/or fl uid load needs to be addressed; it is often a key contributor to uncontrolled fl uid intake 
and blood pressure. A useful teaching technique that is easier for older persons to grasp is the rule of 
200s, which breaks down the daily goal of <2,000 mg of sodium by looking at individual food choices. 
The individual is taught to focus on two aspects of a food label, the serving size and the amount of 
sodium (mg). Often, the older adult gets confused by the percent listing next to the sodium on the 
label, so it is essential to stress amounts in milligrams. Encourage the person to choose food items that 
have 200 mg of sodium or less per serving. If the individual is willing to live with the allotted serving 
size or if they can increase serving sizes and maintain an intake less than 200 mg per serving, then it 
is a good food choice. Typically, patients are advised to choose frozen dinners with <600–700 mg 
sodium per day, if the use of frozen dinners is necessary. Sometimes when dealing with older adults 
who are diagnosed multiple chronic diseases later in life, balancing quality-of-life with quantity is 
important. The practitioner man needs to assist the older individual in locating the lowest sodium ver-
sion of their favorite foods or advising them when it is most safe to have these types of food. 

 Healthcare team members must stay abreast of the medications used to manage or treat the risk 
factors associated with CVD or CKD. It is important to have access to a good drug guide, whether it 
is an up-to-date book, online drug guide, or a personal data assistant (PDA) smart phone application 
version. It is also important to be aware of food–drug interactions and adverse drug effects, many of 
which are gastrointestinal (GI)-related causing increased risk of nausea, vomiting, or constipation or 
which may impact function by causing somnolence or fatigue. 

 The assessment of nutritional status in older adults with CKD must include a review of systems 
such as oral health and its impact on food selections and GI symptoms or food aversions since it can 
be indicative of uremia. With constipation, be aware of foods or medicinal products used to correct it, 
since they can have a direct impact on overall health including lab data. Constipation can also decrease 
oral intake, increase fl uid intake, result in use of higher potassium foods such as prune juice, and result 
in elevated potassium from GI reabsorption. 

 It is important to encourage strengthening or at least maintenance of large muscle group strength 
since it can directly impact functional status. Resistance training has a benefi cial impact on protein 
utilization and muscle mass in persons with CKD on low-protein diets (0.6 g/kg/day) by improving 
muscle mass and nutritional status as denoted by pre-albumin and function [ 38 ]. Regular exercise is 
an integral part of CKD management and quality-of-life. It should be encouraged and matched to the 
individual’s current level of abilities. Some educational tools have been designed for older adults and 
incorporate seated techniques for maximum safety while working on upper and lower body stretching, 
strengthening, and balance [ 39 ].   

    Summary 

 The older population is experiencing growth which will continue through the year 2030. The aging 
adult has one or more chronic diseases. CKD is occurring in the presence of multiple comorbidities in 
this population. It is imperative that healthcare team members be aware of changes associated with 
aging and the increased risks that can occur in the CKD population as well as the psychosocial chal-
lenges that this population may experience. Because of the increasing age of the CKD population, a 
geriatric focus to the care of older patients with CKD may be benefi cial. This requires the healthcare 
team to focus on maintaining functional capacity and quality-of-life. It should incorporate the goals 
of the older adult as they are guided in self-management and outlined in their coordinated plans of 
care. A geriatric focus requires a multidisciplinary team approach with knowledge of both geriatrics 
and the available aging-related community resources.  
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    Case Study 

 LSK is a 76-year-old Caucasian male with a history of hypertension (HTN), diabetes, osteoarthritis of 
the hips and spine. He took a number of over-the-counter nonsteroidal anti-infl ammatory drugs for 15 
years and has been quitting smoking 5 years ago. He presents a mild coronary heart disease under 
medical treatment only. He lives with a low income in a street level apartment with his wife who takes 
care of grocery and cooks the meals. He walks his dog around the block every morning and evening. 
Despite having a good health insurance care plan, he declares not taking all pills that are regularly 
prescribed by his general practitioner. 

 His measurements are: height: 5″9, weight: 210 lb with no reported weight changes and no diges-
tive symptoms. He claims having a good appetite. From time to time he describes diffi culties in keep-
ing his balance. His blood pressure sitting is 160/85 mmHg. His labs are: HgA1C 8.5 %, BUN 30 mg/
dL, Cr 2.4 mg/dL, Na +  136 mEq/L, K +  4.8 mEq/L, CO 2  22 mEq/L, RBC 3.80, Hgb 11.1 g/dL, Hct 
34.4 %, total cholesterol 201 mg/dL, TRG 180 mg/dL, HDL 40 mg/dL, LDL 130 mg/dL, Ca 2+  9.0 mg/
dL, phosphate 5.0 mg/dL. Serum parathyroid hormone is 100 pg/mL. Urine protein is 2.6 g/day. 

 His medications include ramipril 5 mg, furosemide 40 mg, atenolol 50 mg, aspirin 75 mg, repa-
glinide 3 mg, simvastatin 10 mg, calcium carbonate 1 g, Kayexalate ®  (sodium polystyrene sulfonate) 
1 spoon every other day.  

    Questions 

     1.    What are this patient’s cardiovascular (CV) risk factors? 
 Answer: CV risk factors are: HTN uncontrolled, uncontrolled hyperlipidemia, uncontrolled 

DM, obesity with a BMI of 31. Elevated serum phosphate, uncontrolled proteinuria.   
   2.    How much is his estimated glomerular fi ltration rate (eGFR) and what is his CKD stage? 

 Answer: The eGFR (using MDRD formula) is 35 mL/min despite a “moderate” increase in 
serum Cr, patient has Stage 3B CKD.   

   3.    What are some areas of concern related to this patient psychosocial situation? 
 Answer: Psychosocial issues include: modest income, occasions of limited physical activity, 

which impacts dietary intake, as well as risk of falls from fuzzy balance.   
   4.    What CKD complications are you concerned? What additional information would be useful? 

 Answer: CKD issues of concern include uncontrolled cholesterol particularly its LDL fraction, 
HTN, insuffi cient glycemic control, hyperphosphatemia, and elevated parathyroid hormone. 
Additional information which would be benefi cial include serum iron and transferrin to check for 
iron defi ciency and to prevent onset of anemia, vitamin D level to help bone disorders to improve 
and treat potential defi cit.   

   5.    What would you check in his treatment and potentially propose to modify? 
 Answer: First verify good compliance to treatment and any potential side effects that could be 

improved; Check for sodium intake which should be reduced to 2 g/day; increase ramipril to 7.5–
10 mg daily to improve BP control AND reduce proteinuria as low as possible; increase Kayexalate 
if serum potassium does rise above 5.3–5.5 mEq/L to 1 or 2 spoons per day, increase statin to 
improve LDL cholesterol, check vitamin D, and give cholecalciferol if necessary. Introduce a non- 
calcium phosphate binder to improve phosphate control. Finally check his glycemic control and 
prescribe additional antidiabetic drug (DPP4 inhibitor) or insulin.         
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    Defi nition of Nephrotic Syndrome 

 Nephrotic syndrome results from excessive urinary losses of albumin and other plasma proteins of 
similar mass and is characterized by edema, hyperlipidemia, and hypoalbuminemia [ 1 ,  2 ]. At least 
3.5 g of protein per 1.73 m 2  of body surface area must be present in a 24-h urine collection to make 
the diagnosis, although most patients have, on average, 6–8 g of proteinuria a day. Over 80 % of the 
urinary protein is albumin, refl ecting plasma protein composition. The remainder of the urinary pro-
tein is comprised of other plasma proteins such as immunoglobulins, binding proteins, complements, 
and coagulation factors [ 2 ].   
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 Key Points 

•     Identify the nephrotic syndrome, its causes, and its complications.  
•   Describe the pharmacologic management of nephrotic syndrome.  
•   Discuss the nutritional management of nephrotic syndrome.    
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    Causes of Nephrotic Syndrome 

 A wide range of glomerular diseases can cause the nephrotic syndrome and may be primary (idio-
pathic) in nature or secondary to a systemic disease or medication [ 1 – 3 ]. Primary or idiopathic glo-
merular diseases that result in nephrotic syndrome include minimal change disease (MCD), 
membranous nephropathy, and focal segmental glomerulosclerosis (FSGS) [ 1 – 3 ] (Table  20.1 ). The 
diagnosis is made on the basis of pathologic appearance of the kidney tissue.

   Systemic diseases or medications also can cause the nephrotic syndrome (Table  20.1 ). Of these 
causes, diabetic nephropathy is the most common. Certain connective tissue diseases, infections, 
chronic infl ammatory states, malignancies, drugs, and plasma cell dyscrasias also can give rise to the 
nephrotic syndrome [ 1 – 3 ]. Diagnosis is made on the basis of a thorough history, careful physical 
examination, and selected tests guided by the history and examination. A kidney biopsy is sometimes 
required for further classifi cation as in the case of lupus nephritis or to exclude other types of glo-
merular diseases, especially when hematuria is prominent [ 3 ]. Whatever the underlying cause, injury 
to the podocyte is what ultimately alters the permselective properties of the glomerular barrier and 
results in massive urinary protein loss [ 4 ].  

    Table 20.1    Causes of nephrotic syndrome   

 Primary or idiopathic  Secondary to systemic diseases 

 Membranous nephropathy (33 %)  Diabetes mellitus  Infections 
 Focal segmental glomerulosclerosis (35 %) 
 Minimal change disease (15 %) 
 IgA nephropathy (10 %) 
 Membranoproliferative glomerulonephritis (2–5 %) 
 Other (2–5 %) 

 Systemic lupus erythematosus  • HIV 
 Amyloidosis  • Hepatitis B 
 Dysproteinemias  • Hepatitis C 
 • Multiple myeloma  • Syphilis 
 • Other light chain-mediated disease  • Malaria 
 Malignancy  Drugs 
 • Breast, colon, lung  • NSAID 
 • Lymphoma  • Gold 

 • Penicillamine 
 • Captopril 

   HIV  human immunodefi ciency virus,  NSAID  nonsteroidal anti-infl ammatory drug  

 Manifestations of Nephrotic Syndrome 

    ≥3.5 g proteinuria/1.73 m 2 /day  
  Hypoalbuminemia  
  Edema  
  Hyperlipidemia  
  Lipiduria    
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    Complications of Nephrotic Syndrome 

 Regardless of the etiology of nephrotic syndrome, the clinical sequelae are identical (Table  20.2 ). 
All of the adverse effects discussed below result directly or indirectly (through decreased levels of 
albumin or of other specifi c plasma proteins and/or oncotic pressure) from urinary protein losses 
[ 1 – 3 ]. Therefore, management of nephrotic patients targets reduction of proteinuria to modify the 
complications of nephrotic syndrome.

      Sodium Retention (Edema) 

 Edema is a common clinical manifestation in nephrotic syndrome and occurs because of accumula-
tion of fl uid in the interstitial space. Two mechanisms were thought to be responsible for the edema: 
(1) avid renal sodium retention due to the loss of tubular response to atrial natriuretic peptide [ 5 ], 
resulting in “overfi lling” of the vascular space and consequent edema, and (2) decrease in plasma 
oncotic pressure when serum albumin levels fall below 1.5–2.0 g/dL, resulting in translocation of fl uid 
into the interstitial space [ 1 – 3 ,  6 ,  7 ] (Table  20.2 ). More recent evidence suggests that plasma serine 
proteases such as plasminogen appear in nephrotic urine and undergo cleavage to active plasmin. 

     Table 20.2    Systemic complications and clinical sequelae of nephrotic syndrome   

 Complication  Mechanism  Clinical sequelae 

 Sodium retention  Atrial natriuretic peptide resistance  Edema → skin breakdown → cellulitis 
 ↓ Plasma oncotic pressure  Pleural effusion → shortness of breath 
 ↑ Urine plasmin → ENaC activation  Ascites → spontaneous bacterial peritonitis 

 Hypercoagulable state  Loss of antithrombin III  Deep venous thrombosis 
 ↓ Plasma proteins C and S  Pulmonary embolism 
 Thrombocytosis  Renal vein thrombosis 
 ↑ Plasma fi brinogen 

 Infection  Loss of immunoglobulins  Spontaneous bacterial peritonitis 
 Loss of complement  Other infections with encapsulated organisms 

 Hyperlipidemia  Altered lipoprotein metabolism:  Accelerated atherosclerosis 
  ↑ Proatherogenic lipoproteins 
  Oxidized high-density lipoprotein 
  ↑ Triglycerides 

 Progressive renal injury  Iron-induced oxidative injury  Interstitial fi brosis 
 Lipid peroxidation  Chronic kidney disease 
 Complement-mediated injury 

 Nutritional depletion  Loss of tissue proteins  Tissue proteins → muscle wasting 
 Loss of erythropoietin  Anemia 
 Loss of plasma binding proteins  Transferrin → iron defi ciency anemia 

 Thyroglobulin binding 
protein → hypothyroidism 

 Vitamin D binding protein → hypocalcemia, 
rickets 

 Zinc (bound to albumin) → zinc defi ciency 

   ENaC  epithelial sodium channel  
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Plasmin, in turn, activates the epithelial sodium channels (ENaCs) in the cortical collecting tubule, 
enhancing sodium absorption and resulting in edema [ 6 ,  7 ]. Regardless of the mechanisms, the con-
sequences are edema, pleural effusions, and ascites. Skin breakdown from tense edema and the pres-
ence of ascites predispose to infection.  

    Hypercoagulability (Thrombophilia) 

 The underlying mechanism for thrombophilia in nephrotic syndrome is poorly understood. Because 
of urinary loss of antithrombin III, decreased plasma proteins C and S, increased plasma fi brinogen, 
thrombocytosis, and increased platelet adherence (Table  20.2 ), nephrotic patients may be hypercoagu-
lable [ 8 ,  9 ]. They are prone to develop deep venous thrombosis, pulmonary embolism, renal vein 
thrombosis, sagittal sinus thrombosis, and, occasionally, arterial thrombosis. The incidence of throm-
boembolic disease is highest in patients with membranous nephropathy, up to 50 %. The higher the 
urinary protein losses and the lower the serum albumin level, the higher is the risk of thromboembo-
lism [ 8 ,  9 ].  

    Hyperlipidemia 

 Levels of proatherogenic lipoproteins, such as very-low-density lipoprotein (VLDL), intermediate- 
density lipoprotein (IDL), low-density lipoprotein (LDL), and lipoprotein (a), are increased in 
nephrotic syndrome [ 10 ,  11 ]. While high-density lipoprotein (HDL) levels are either normal or 
slightly decreased, it is the small, dense, and less protective HDL particles that accumulate [ 10 ,  11 ]. 
Triglyceride levels also may be increased markedly [ 10 ,  11 ], resulting both from delayed clearance of 
VLDL as well as reduced hepatic uptake of highly atherogenic IDL remnant particles. The combina-
tion of increased synthesis and impaired catabolism of lipoproteins confers a relative risk of 5.5 for 
myocardial infarction and of 2.8 for death from coronary artery disease [ 12 ]. 

 Marked derangements of multiple aspects of lipid metabolism are present in the nephrotic syn-
drome [ 10 ,  11 ]. Adherence of lipoprotein lipase (LPL), an enzyme that plays an important role in the 
lipolysis of triglycerides, to the vascular endothelium is reduced when serum albumin is low despite 
a normal synthetic rate [ 13 ,  14 ]. Low serum albumin also induces increased albumin synthesis by the 
liver, accompanied by increased synthesis of many other liver-derived proteins, including fi brinogen, 
LDL, and Lp(a) [ 13 ,  14 ]. In concert, these derangements result in increased levels of triglycerides, 
LDL, and Lp(a). Further experimental evidence reveals that an acquired LDL receptor defi ciency 
exists in nephrotic syndrome, leading to impaired uptake of cholesterol by the liver [ 10 ,  11 ]. As a 
result, enzymes that synthesize cholesterol are upregulated and enzymes that catabolize cholesterol by 
diverting it to bile synthesis are downregulated, further aggravating the hyperlipidemia. Urinary loss 
of LCAT in massive proteinuria interferes further with normal lipoprotein metabolism through altered 
apolipoprotein ratios and reduced HDL-mediated scavenging of cholesterol [ 10 ,  11 ].  

    Progressive Renal Injury 

 Prolonged and massive proteinuria leads to progressive renal injury with interstitial fi brosis and glo-
merular sclerosis [ 15 ]. The proteins and lipids in the urine are taken up by the proximal renal tubular 
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cells and lead to oxidative injury of the cells. Once taken up, the oxidized lipids and iron act as a 
chemoattractant for monocytes, stimulate proximal renal tubular production of cytokines such as 
NF-κB, and activate the complement cascade. The sum of these events results in tubulointerstitial 
infl ammation, activation of profi brotic pathways, and induction of apoptosis [ 15 ].  

    Infection 

 Patients with nephrotic syndrome may develop cellulitis because of skin breakdown from tense 
edema, pneumonia, and spontaneous bacterial peritonitis when ascites is present (especially in chil-
dren). Immunoglobulin G (IgG) and complements are lost in the urine [ 1 – 3 ]. Unlike liver-derived 
proteins, the synthesis rate of IgG does not increase [ 16 ]. Encapsulated organisms are a particular 
threat because such organisms require either opsonization with specifi c antibodies or complement 
fi xation for killing.  

    Nutritional Depletion 

 Urinary protein losses in nephrotic syndrome lead to muscle wasting presumably due to shunting 
of amino acid building blocks to the liver to enhance plasma protein synthesis, in the absence of a 
compensatory decrease in total body protein turnover [ 17 ,  18 ]. Loss of erythropoietin and binding 
proteins that transport iron, vitamin D, and thyroxine may result in anemia, iron defi ciency, hypo-
calcemia and rickets, and hypothyroidism, respectively [ 1 – 3 ,  19 ]. Sustained and massive protein-
uria may lead also to zinc defi ciency because two-thirds of circulating zinc is bound to albumin 
[ 20 ] and copper depletion through the urinary loss of ceruloplasmin [ 21 ]. These trace element 
defi ciencies can induce skin rashes [ 22 ] and may result in neutropenia and anemia [ 21 ], 
respectively. 

 Patients with progressive loss of kidney function may develop metabolic acidosis, particularly 
when the glomerular fi ltration rate falls below 30 mL/min [ 23 ]. Potential adverse effects of metabolic 
acidosis include increased muscle catabolism, growth retardation in children, exacerbation of bone 
disease, impaired glucose tolerance, and reduced albumin synthesis which predisposes to hypoalbu-
minemia [ 23 ]. In addition, a low serum bicarbonate (<22 versus 25–26 mEq/L) may confer an 
increased risk for progression of CKD [ 23 ,  24 ], because compensatory mechanisms to augment 
ammonium production and urinary acidifi cation through activation of aldosterone and kidney endo-
thelin production may lead to increased urinary protein losses and interstitial fi brosis [ 25 ,  26 ]. 
Enhanced ammonium production is also thought to activate the alternative complement pathway, 
further aggravating infl ammation and interstitial fi brosis [ 23 – 26 ].   

    Treatment of Nephrotic Syndrome 

 The main goal in treating nephrotic syndrome is to reduce or eliminate proteinuria to blunt or prevent 
the development of associated complications, to protect kidney function, and to reduce the risk for 
accelerated atherosclerosis [ 1 – 3 ]. Dietary management and pharmacologic management (Table  20.3 ) 
each plays a major and complementary role in this endeavor.
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      Specifi c Treatment 

 If possible, treatment of the nephrotic syndrome is directed at the underlying cause (Table  20.3 ). In the 
cases of drug-induced nephrotic syndrome, the offending drug is stopped. Chemotherapy, radiation 
therapy, and/or surgical resection of the responsible cancer may lead to resolution of malignancy- 
related nephrotic syndrome. Antibiotics, antiviral drugs, or immunomodulating agents are used when 
the suspect is an infection. For idiopathic nephrotic syndrome, depending upon the presenting histol-
ogy, suppressing the immune system with drugs such as steroids, cyclophosphamide, mycophenolate, 
or other immunomodulating drugs may result in complete resolution of the nephrotic syndrome. 
A full discussion of the immunosuppressive treatment of glomerular diseases is beyond the scope of 
this chapter.  

    Nonspecifi c Treatment 

 If the nephrotic syndrome does not respond to removal of the offending agent or immunosuppressive 
therapy, then nonspecifi c measures are employed to reduce the proteinuria. 

    Pharmacologic Management 

 Angiotensin converting enzyme inhibitors (ACEI), angiotensin receptor blockers (ARB), cyclospo-
rine, and nonsteroidal anti-infl ammatory drugs (NSAID) all cause renal vasoconstriction, reduce glo-
merular capillary pressure, and, therefore, proteinuria [ 1 – 3 ,  27 ] (Table  20.3 ). In addition, ACEI and 
ARB also reduce the defect in the fi ltration barrier of the glomerular basement membrane [ 1 – 3 ,  27 ,  28 ]. 
Combining ACEI with ARB may have an additive effects on the reduction of proteinuria [ 1 – 3 ,  27 ,  28 ], 
although the incidence of hyperkalemia and acute renal failure may be unacceptably high in patients 
with diabetic nephropathy on dual therapy [ 3 ]. The combination of an ACEi and/or an ARB with 
spironolactone further reduces proteinuria in small studies, but hyperkalemia may limit its usefulness 
[ 29 ,  30 ]. No data is available regarding the cardiovascular outcomes, long-term renal outcomes, or 
mortality [ 29 ]. NSAID rarely are used in treating nephrotic syndrome because of the increased risk of 
acute renal failure and gastrointestinal bleeding. 

          Table 20.3    Treatment of nephrotic patients   

 Dietary     Pharmacologic/other 

 Calorie  35 kcal/kg/day  Remove underlying cause 
 Protein  0.8 g/kg/day  Start immunosuppressive drugs 

 Soy protein may be more benefi cial  Reduce proteinuria 
 Fat  <30 % of total calories  Angiotensin converting enzyme inhibitor 

 Cholesterol <200 mg/day  Angiotensin receptor blocker 
 Minerals  Sodium <2 g/day  Cyclosporine 

 Iron if clearly iron defi cient  Nonsteroidal anti-infl ammatory drug 
 Calcium if vitamin D defi cient (2 g/day)  Spironolactone 
 Zinc if zinc defi cient (220 mg/day)  Statin therapy for hyperlipidemia 

 Vitamins  Calcitriol, if vitamin D defi cient  Anticoagulation for hypercoagulability 
 Fluid  1 L/day  Antibiotics for infection 

 Diuretics for edema 
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 Statins will improve the hyperlipidemia seen in nephrotic syndrome [ 1 – 3 ,  27 ,  31 ,  32 ] (Table  20.3 ). 
They also may protect nephrotic kidneys from progressive injury because of their lipid lowering and 
anti-infl ammatory effects [ 27 ,  31 ,  32 ]. However, despite the favorable data in nephrotic animals, 
human data for cardiac [ 27 ,  31 ,  32 ] and renal [ 27 ,  31 ,  32 ] protection are scant. 

 Use of loop diuretics may be necessary when edema becomes symptomatic [ 3 ], but kidney func-
tion must be monitored carefully because of potential for precipitating acute renal failure. Adding an 
aldosterone antagonist may augment diuresis, given the recent discovery that plasmin in urine is 
responsible for activating epithelial sodium channels. If other complications of nephrotic syndrome 
develop (hypothyroidism, thromboembolic disease, infection), therapy targeted at the complication is 
started (Table  20.3 ).  

    Nutritional Management 

 A high-protein diet in nephrotic syndrome will increase urinary protein excretion and lead to a decline 
in serum albumin concentration through its adverse effects on glomerular hemodynamics [ 33 ]. In con-
trast, protein restriction, especially when combined with ACEI and/or ARB therapy, will reduce pro-
teinuria [ 27 ,  34 ] (Table  20.3 ). Although some studies suggest that severe protein restriction to 0.3 g/kg/
day supplemented with amino acids is of additional benefi t [ 35 ], most experts recommend moderate 
(0.7–0.8 g/kg/day) protein restriction because of concern about precipitating malnutrition [ 3 ,  27 ]. 

 The type of dietary protein is also important. Recent studies suggest that chicken and fi sh sources 
of protein may be of more benefi t than pork or beef [ 36 ]. Vegetarian sources of protein such as soy 
[ 36 – 41 ] and fl axseed [ 42 ] reduce proteinuria and hyperlipidemia more than animal proteins. Studies 
of nephrotic rats suggest that the benefi t derived from soy protein is due to a direct effect on the kid-
neys possibly to reduce nitrotyrosine formation rather than through changes in hepatic lipid metabo-
lism [ 40 ,  41 ]. Soy protein may also reduce infl ammatory cytokines, further ameliorating progressive 
kidney injury [ 38 ]. The types of amino acids present in plant proteins may be responsible for their 
benefi cial effects, rather than the change in dietary lipid content, because branched chain and gluco-
neogenic amino acids (such as arginine and glutamate) do not increase proteinuria in animal models 
while other amino acids do [ 43 ,  44 ]. Since diets that contain animal protein also are relatively high in 
acid, the greater acid load accompanying greater protein loads may be contributing to progressive 
kidney injury. 

 If iron defi ciency is clearly present, then cautious oral iron repletion is indicated, keeping in mind 
that iron may exacerbate renal injury (Table  20.3 ). Patients who are hypocalcemic because of vitamin 
D defi ciency should receive oral vitamin D and calcium (Table  20.3 ). Other than correction of hypo-
calcemia, vitamin D repletion in patients with proteinuria may have benefi cial effects on albuminuria 
[ 45 ]. Sodium and fl uid restrictions will help reduce edema and hyponatremia, especially when used 
in conjunction with diuretics. Although lowering dietary lipids alone will not correct the observed 
hyperlipidemia, its effect on lipids is additive when used with statins. Finally, bicarbonate supplemen-
tation to correct metabolic acidosis may delay progression of kidney failure and improve nutritional 
status among patients with CKD [ 25 ].    

    Summary 

 Although the nephrotic syndrome may begin with severe proteinuria, it quickly becomes a multisys-
tem disease. Despite the diverse causes of nephrotic syndrome, the common thread is massive urinary 
loss of proteins leading to an increased risk for cardiovascular disease, vascular thrombosis, anasarca, 
infection, nutritional depletion, and progressive kidney injury. Treatment is targeted at reducing the 
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proteinuria in order to prevent progressive kidney injury and to reduce the associated complications. 
Pharmacologic and dietary management of the nephrotic syndrome are complementary, with the 
mainstay of therapy being the use of ACEI or an ARB, alone or in combination with spironolactone, 
statin, and moderate protein restriction (preferably with plant or soy protein) to reduce proteinuria and 
hyperlipidemia, while waiting for immunosuppression to control the underlying cause.     
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     Keywords     Nephrolithiasis   •   Kidney Stone   •   Hypercalciuria   •   Hyperoxaluria   •   Dietary risk factors of 
kidney stone   •   Prevention of recurrence of stone disease       

   Introduction 

 According to the most recent US statistics, the incidence of kidney stones is about 3–5 %, with the 
estimated cost of treatment more than $1.8 billion annually [ 1 ]. The incidence is at peak among white 
males age 20 and 30 years old. The National Health and Nutrition Examination Survey (NHANES) 
III reported that there was a 5 % prevalence of stone formation among adults in the United States and 
this is a 4 % increase from the NHANES II period (1976–1980) [ 2 ]. 

 Kidney stones are more common in men than women (Table  21.1 ). Seventy-fi ve percent of calcium 
stones are calcium oxalate (CaOx) or mixed, and 5 % are calcium phosphate (CaP) stones, as apatite 
or brushite. The latter are more frequently seen in females. Ten to twenty percent of stones are struvite 
or magnesium ammonium phosphate and these are related to chronic urinary tract infections (UTIs). 
Approximately 5 % of stones are uric acid and 1 % is cystine.

   The prevalence of stones has increased in the past 30 years. According to epidemiologic studies the 
incidence is high for individuals with obesity and diabetes [ 3 ]. It has been postulated that obese people 
have more hypertension and type 2 diabetes, which impact stone formation especially uric acid [ 4 ,  5 ]. 

    Chapter 21   
 Nephrolithiasis 
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 Key Points 

•     Identify the risk factors of kidney stones.  
•   Describe the types of diagnostic tests and their interpretation.  
•   Describe the medical and dietary treatments for different types of kidney stones.  
•   Identify methods for preventing recurrent kidney stones.    
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It is probably because patients with diabetes and obesity can produce more acidic urine which is more 
preferable for the stone formation. In addition, Lieske et al. [ 6 ] reported that obese patients who under-
went bariatric surgery had a higher incidence of hyperoxaluria and an increased CaOx stone risk. 

 Recurrence is often seen with the absence of preventive treatments such as dietary modifi cation 
and medications. The recurrence rate is 40–50 % after the fi rst stone event and 50–60 % by 10 years. 
Cystinuria or primary hyperparathyroidism has higher recurrence rates secondary to prevalence of 
hypercalciuria. Ninety-seven percent of patients with recurrent stones have an identifi able cause such 
as hypercalciuria, hyperoxaluria, and hypocitraturia. Hypertension can increase stone risk for women 
but the mechanism is not known [ 7 ]. Few stone risks increase with decreased renal function [ 8 ]. 

 Both inherited and environmental factors are risk factors for kidney stone formation and mono-
genic diseases such as cystinuria, Dent’s disease, and primary hyperoxaluria are causes of hereditary 
kidney stone formation. The most important environmental factor for stone risk is diet.  

   Symptoms and Diagnosis [ 9 ] 

 Kidney stones may cause severe pain (renal colic) when the stone passes into the ureter. The pain is 
usually accompanied by nausea, vomiting, and hematuria. Patients may have urinary frequency and 
urgency. Symptoms quickly improve after passing the stone. These symptoms lead to emergency 
department visits and hospitalization. Initial evaluation includes non-contrast helical computerized 
tomography (CT), which can accurately visualize the size and location of the stones. A kidney, ureter, 
and bladder (KUB) fi lm, though insensitive, can visualize calcium-containing, struvite, and cystine 
stones in the kidney or ureter, but uric acid stones are radiolucent and, therefore, they are not visual-
ized. Complete ureteral obstruction and upper UTI are indications for stone removal by extracorporeal 
shock wave lithotripsy (ESWL) or surgery. Figure  21.1  shows some images of common stones.

     Evaluation of New Stones 

 Basic evaluation of new stone includes two 24-h urine collections and patients are instructed not to 
change diet or fl uid intake prior to urine collections to obtain accurate risks of types of stone forma-
tion. The 24-h urine analysis includes measurement of urine volume, urinary calcium, phosphorus, 
magnesium, oxalate, citrate, pH, uric acid, urea nitrogen, creatinine/kg, sodium, and potassium. Also 
measurement of blood tests such as serum sodium, potassium, bicarbonate, creatinine, calcium 
phosphorus, uric acid, and parathyroid hormone (PTH) levels are important to evaluate the stone risks. 
In addition, obtaining usual diet and fl uid intake history should be conducted to evaluate different 
types of stone risks.  

   Table 21.1    Type of stones   

 Type  Frequency (%)  Sex  Crystals  Radiography 

 Calcium oxalate/mix  75  M  Envelope  Round, radiodense, sharply outlined 
 Calcium phosphate 

(brushite) 
 5  F > M  Amorphous: 

alkaline urine 
 Small, radiodense, sharply outlined 

 Uric acid  5–15  M = F  Diamond; acid urine  Round/staghorn, radiolucent, fi lling 
defect 

 Struvite (Mg ammonium 
phosphate) 

 10–20  F  Coffi n lid; infection/urea 
splitter 

 Staghorn, laminated radiodense 

 Cystine  1  M = F  Hexagon  Staghorn, radiodense 

  Courtesy from Dr. J. Seifter, Harvard Medical School, Renal Division Brigham and Women’s Hospital, Boston  
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   Evaluation of Recurrent Stones and Follow-up 

 After the fi rst stone evaluation patients are advised to follow a specifi c diet and/or take medications 
for several months and are then reevaluated for stone risks. Usually one 24-h urine collection is done 
in 3–4 months after the fi rst evaluation of stone formation. Then the patient is followed by 6–12 
months if patient continues to have high risk of stones. Blood tests are not always recommended if 
patients have normal labs at the previous tests. 

 If patient has another episode of stone 2 years after last stone formation, patient is advised to have 
two 24-h urine collections as a new stone former. Table  21.2  shows the guidelines for evaluation of 
stones.

       Stone Formation 

   Supersaturation (SS) and Stone Formation 

 Stone formation is a multistep process. Crystal formation occurs when the solute concentration in the 
urine exceeds its solubility product. The urine becomes supersaturated. Supersaturation means that 
the concentration of a stone forming salt, such as CaOx, exceeds its solubility in urine. In the super-
saturated state, nuclei of substrate crystals are formed in a process called nucleation. When the nuclei 
begin to aggregate, crystals start to form and become stones. In the injured renal cells these crystals 
are retained. With low urine volume, supersaturation of calcium, oxalate, and uric acid promotes stone 
formation. The pH of urine is an important determinant of which type of stone precipitates. CaOx and 

  Fig. 21.1    Different type of kidney stones. Light microscopy of urine crystals. ( a ) Hexagonal cystine crystal (×200); ( b ) 
coffi n lid-shaped struvite crystals (×200); ( c ) pyramid-shaped calcium oxalate dehydrate crystals (×200); ( d ) dumbbell- 
shaped calcium oxalate monohydrate crystal (×400); ( e ) rectangular uric acid crystals (×400); and ( f ) rhomboidal uric 
acid crystals (×400). From Asplin JR. Evaluation of the kidney stone patient. Seminars in Nephrology 28(2); 99–110, 
2008. Reprinted with permission from John R. Asplin and Elsevier Limited       
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uric acid stones are favorable in low pH but CaP stones are seen in high pH. Crystallization inhibitors 
such as citrate, nephrocalcin, uropontin, and magnesium can impede the nucleation, growth, and 
aggregation of crystals in vitro and have been in shown to interfere with the attachment to renal epi-
thelial cells. 

 The following are steps of different stone formation.    Levels of urinary supersaturation of different 
solutes are determinant and specifi c types of stones. Decreased supersaturation will decrease the risk 
of recurrence of kidney stone.   

    Table 21.2    Evaluation of stone disease   

 First stone  Recurrent stone and follow-up 

  Basic evaluation  
 • Two 24-h urine analyses (no intervention prior to analyze 

stone risk): Ca, Phos, Mg, oxalate, citrate, uric acid, 
volume, creatinine, pH, urea nitrogen, Na, K 

 • Blood tests: serum Na, K, CO 2 , BUN, Cr, Ca, phosphorus, 
uric acid, and PTH 

 • Usual dietary intake 
 • Dietary/fl uid intake history 

 • One 24-h urine analysis: Ca, Phos, Mg, oxalate, 
citrate, uric acid, volume, creatinine, pH, urea 
nitrogen, Na, K 

 • Blood tests: serum Na, K, CO 2 , BUN, Cr, Ca, 
phosphorus, uric acid, and PTH 

 • Dietary and medical treatment 

 • Diet and medical treatment 

  Adapted from Practice Guideline at Department of Nephrology, Harvard Vanguard Medical Associate 
  ** If patient has recurrent stone after 2 years of last stone formation, two 24-h urinalyses are appropriate     

 Steps 

     1.    [CaOx] above which crystals start to form   
   2.    Normal urine [CaOx] is 4× higher than solubility   
   3.    When CaOx SS is 7–11× the solubility → ↑ nucleation   
   4.    High urine Ca, urine Ox, low urine volumes → ↑ SSCaOx   
   5.    Citrate forms soluble complex with Ca → low urine citrate → ↑ SSCaOx   
   6.    Urine pH > 6.5 → ↑ proportion of divalent and trivalent phosphate ions → ↑ SSCaP   
   7.    Nurclei, e.g., uric acid, can lower metastable limit and favor precipitation     

   Interpretation of Biochemical and Urine Tests 

   The 24-h Urine Collection 

 The best way to evaluate stone risk is the 24-h urine collection and analysis [ 10 ,  11 ]. Two 24-h urine 
collections are recommended for the initial evaluation [ 10 ,  11 ] for an accurate analysis and to deter-
mine variability. The 24-h urine collection should be several weeks after any procedures (i.e., 6–8 
weeks after lithotripsy) in order to prevent or minimize risk of infection or the presence of bloods. 
Infection can change the pH and citrate levels. It is very important that patients continue with their 
usual diet and activities during the collection period. The 24-h urine creatinine excretion can give 
information about the adequacy of the urine collection. If 24-h urine collection is not accurate the 
urinary creatinine levels can be higher than normal for over-collection and lower than normal for 
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under-collection. In general, adult males produce 18–24 mg creatinine/kg/day and females 15–20 mg/
kg/day [ 12 ]. 

 The 24-h urine sample should include volume, calcium, phosphorus, oxalate, citrate, pH, and uric 
acid. These solutes provide an estimate of supersaturation and the risk of stone formation. Creatinine 
is tested to ensure full collection and to normalize solute excretion to the more constant amount of 
creatinine. Dietary factors include sulfates mostly from animal protein (the acid ash diet) and sodium 
since it relates to calcium potassium and magnesium excretion. Urea nitrogen is used to estimate 
protein catabolic rate (PCR), which in the out-patient setting is usually indicative of dietary protein 
intake. The relationship between urinary nitrogen appearance rate and estimated dietary protein intake 
is calculated (vide infra). The value of the 24-h urine is to evaluate dietary nutrients and fl uid intakes 
and to provide guidance for management of an individual patient. For example, normal urinary cal-
cium levels are <250 mg/day for men and <200 mg/day for women. High urinary calcium can be 
caused by idiopathic hypercalciuria, or diet high in sodium or protein. Low urinary calcium is prob-
ably caused by malabsorption or underline bone disease. Normal urinary oxalate level is 20–40 mg/
day and high levels are due to high oxalate diet, increased endogenous production, high vitamin C 
consumption, and infl ammatory bowel disease (IBD). Normal urinary citrate levels are >450 mg/day 
for men and >550 mg/day for women.    High animal protein diet or renal tubular acidosis (RTA) which 
can increase acid production affect urinary pH with lowering citrate levels. If 24-h urine has 1000 ml(1L) 
volume, with urinary calcium (>250 mg), urinary oxalate (60 mg), urinary sodium (200 mEq), urinary 
citrate (45 mg), pH of 5.2, and PCR of 2 g/kg, this analysis can predict that the patient has low fl uid 
intake, with high protein and high sodium diet which increase the risk of CaOx stone or uric acid 
stone. Table  21.3  provides a summary of the normal values of the 24-h urine collection and causes of 
abnormal values.

    Table 21.3    Normal values of 24 h urinalysis   

 Normal value  Cause of abnormal values 

 Ca  <250 mg/day for males  ↑ Idiopathic hypercalciuria, high Na diet (high urine Na) high protein diet 
 <200 mg/day for females   

 ↓ With bone disease 
 Phosphorus  0.6–1.2 g/day  ↓ With bowel disease, malnutrition, ↑ with large amount of food intake 
 Mg  30–120 mg/day  ↓ With some laxatives, malnutrition, malabsorption 
 Oxalate  20–40 mg/day  ↑ With high oxalate diet, high vitamin C consumption, if >80, intestinal 

(infl ammatory bowel disease) or oxalosis 
 Citrate  >450 mg/day males  ↓ RTA, hypokalemia, high animal protein diet, acidosis, diarrhea 

 >550 mg/day females 
 Uric acid  <0.8 g/day males  ↑ With high animal protein diet (high purine), alcoholic beverages, 

overproduction  <0.75 g/day females 
 Volume  >2,000 mL/day  ↓ With low fl uid intake 
 pH  5.8–6.2  ↓ RTA, urea splitting infection, acidosis, high animal protein intake (high 

purine content) 
 ↑ Vegetarian diet, high citrus consumption, soft drink 

 Na  50–150 mEq/day 
(1,150–3,450 mg) 

 ↑ With high Na diet 
 ↓ With bowel disease 

 K  20–100 mEq/day  Less than 20 (< 20), Bowel disease, diuretics, laxatives    
 Cl  70–250 mEq/day   
 Urea nitrogen  6–14 g/kg/day  ↑ With high protein diet 
 PCR  0.8–1.4 g/day  ↑ With high protein diet 
 Sulfate  20–80 mEq/day  ↑ With high protein diet 
 Ammonium  15–60 mM/day  ↑ pH >7 urea splitting infection, ↓ pH <5.5 CRI, UA stones, gout 
 Cr/kg  18–24 mg/kg for males  ↑ With more than 24 h collection 

 15–20 mg/kg for females  ↓ With under-collection 

  Range: courtesy from Litholink Corporation, Chicago, IL 
  RTA  renal tubular acidosis,  CRI  chronic renal insuffi ciency,  UA  uric acid,  Cr  creatinine  
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       Risk Factors for Kidney Stone 

 Risk factors for stone formation may be hereditary or disease-related, such as idiopathic hypercalci-
uria, hyperoxalosis Dent’s disease, medullary kidney disease, polycystic kidney disease, hyperpara-
thyroidism, IBD, RTA, or sarcoidosis. Patients with a family history of nephrolithiasis have a 2.5 
times greater risk of stone formation [ 13 ]. Other risk factors include environment and diet (Table  21.4 ). 
Table  21.5  shows the conditions that favor stone formation.

    Urinary crystalloids can form nucleus on the existing surface and supersaturate urine. Low urinary 
magnesium causes decreased complex formation with urinary oxalate allowing free oxalate to be 

   Table 21.4    Risk factors of various types of kidney stones   

 Hereditary and other disease-related  Environment 

 Genetic  Idiopathic hypercalciuria  Climate  Heat 
 Hyperoxalosis  Water loss, sweating 
 Cystinuria: Dent’s disease 

 Kidney disease-related  Medullary sponge kidney  Dietary  Na 
 PKD (10 % develop stones)  Oxalate 
 Horseshoe  Protein (animal) 
 Metabolic causes: hypercalcemia, hyperpara-

thyroidism, DM, and obesity 
 ↓Acid/alkaline ash diet 
 Fluid   
 Fluid Excess vitamin 

(C, D) 
 Systemic disease  GI, infl ammatory bowel diseases 

(Ox and UA stones) 
 Vitamins (C, D) 

 Hyperparathyroidism  CaP stone  Ca supplement 
 Renal tubular acidosis (RTA)  Hypercalcemic states, Ca phosphate  Low Ca diet 

 High protein weight 
loss diet 

 Sarcoid  Hypercalciuria, CaOx stone 

   PKD  polycystic kidney disease,  DM  diabetes mellitus,  GI  gastrointestinal,  Ox  oxalate,  UA  uric acid,  CaP  calcium phos-
phate,  CaOx  calcium oxalate  

   Table 21.5    Conditions favoring development of various kidney stones   

 Factors  Functions 

 Increased urinary crystalloids  Form nucleus on existing surface 
 Supersaturated urine 

 Decreased inhibitors  Magnesium (complexes with oxalate) 
 Citrate (complexes with calcium) 
 Nephrocalcin, uropontin 
 Tamm Horsfall 

 Increased promoters  Uric acid 
 Dehydration  Low urine volume, supersaturated urine 
 Urine pH  Alkaline → Ca phosphate 

 Acidic → uric acid, cystine 
 Diet  High protein/sodium/Ca → hypercalciuria uricosuria, oxaluria 

 High oxalate → oxaluria 
 Medication  Furosemide: decrease volume 

 Na bicarbonate: increase urinary Ca 
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more available in the urine. Low urinary citrate also increases stone formation because citrate forms 
a complex with calcium so free calcium is more available for stone formation. High concentration of 
uric acids in the urine will promote the nuclei to start stone formation. If the patient is dehydrated, the 
patient will have low urine output and therefore the urine can be supersaturated. Urine pH is very 
important for the formation of some type of stones;    low urine pH is favorable to form CaOx and uric 
acid stones, and high urine pH promotes CaP stone formation. 

 Diet causes increased risks of various stones. High sodium intake increases urinary calcium excre-
tion. High oxalate diet and large dose of vitamin C supplement will increase urinary oxalate level. 
High protein diet can increase urinary calcium, decrease urine pH, and also increase urinary uric acid 
level. Therefore, high protein diet can increase CaOx and uric acid stone risks. Diuretics, such as 
furosemide, can induce dehydration which can increase risk of supersaturation of solutes. 

    Environmental conditions such as heat may increase non-renal evaporative skin losses, and by 
reducing urine volume therefore increase stone risk [ 14 ,  15 ]. The most challenging aspect of increas-
ing fl uid intake is that patients cannot wait for the normal thirst mechanism to drink because the 
hypothalamic–pituitary sensors/neurons lead to increased antidiuretic hormone levels; therefore, the 
urine becomes more concentrated before the thirst mechanism is triggered. One patient education 
method used is to remind people to drink fl uid after each void. 

   Urine Volume 

 As discussed earlier, the urine needs to be supersaturated with solutes to form a crystal, the fi rst step 
to form a stone. With low urine volume, the urine can be easily supersaturated with various solutes, 
calcium, oxalate, phosphorus, and uric acid. In addition, there are several inhibitors to prevent crystal-
lization of these solutes. These inhibitors are present in the urine under normal conditions. If the 
supersaturation is very high the crystallization starts. The most direct way for the patients to decrease 
supersaturation is to increase the urine volume with oral fl uids. However, some fl uid should be avoided 
such as highly concentrated fructose, which may have an opposite effect on stones. It is advised to 
achieve an excess of 2.5 L/day of urine volume.  

   Hypercalciuria 

 Normal urine calcium excretion is less than 200–250 mg/24 h [ 12 ]. If urine calcium excretion is 
higher than normal, the stone risk increases. To evaluate the stone risk, measure serum calcium, uri-
nary calcium, oxalate, urine urea nitrogen (UUN), citrate, magnesium, creatinine, and volume 
(Table  21.2 ). In patients with idiopathic hypercalciuria, the serum calcium level is normal but urinary 
calcium is high because of increased absorption of calcium from the gastrointestinal tract. The 
increased absorption of calcium will increase the ionized calcium level, decrease PTH secretion, and 
decrease renal tubular reabsorption of calcium. There is also evidence of reduced proximal tubular 
reabsorption of sodium and calcium in patients with idiopathic hypercalciuria [ 16 ]. This condition 
will lead to a negative calcium balance. Figure  21.2  shows the model of idiopathic hypercalciuria.

   The combination of a low sodium diet and thiazide diuretics may lower urinary calcium excretion 
by increasing reabsorption of calcium. Thiazide diuretics are not effective with a high sodium diet. 
It can cause volume depletion, which will lead to hypokalemia and an increased risk of stone forma-
tion by hypocitraturia.  
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   Hyperoxaluria 

 The most common type of stone is CaOx (75 %) and a high urinary excretion of oxalate is a risk factor 
for CaOx stones. Dietary sources of oxalate include spinach, rhubarb, beets, and some berries. Oxalate 
is also created from endogenous sources such as metabolism of glycine, hydroxyproline, and ascorbic 
acid. A low oxalate diet is recommended for the prevention of CaOx stones; however, a recent study 
showed that dietary oxalate has little effect on urinary oxalate excretion but vitamin C has a high cor-
relation with urinary oxalate excretion [ 17 ]. Increased urinary oxalate excretion has also been noted in 
patients with diabetes [ 18 ]. Patients with IBD have a high prevalence of CaOx stones with hypocalci-
uria due to negative calcium balance. The negative calcium balance with decrease in blood calcium 
level can also cause secondary hyperparathyroidism; therefore, a calcium supplement would be effec-
tive for preventing CaOx stone risk. The timing of calcium supplements is important and patients 
should take supplements at the meal time to bind oxalate from dietary sources. Individuals who had 
bariatric surgery have a high risk of hyperoxaluria due to malabsorption and increased absorption of 
oxalate, which may increase hyperoxaluria [ 19 ]. Recent studies by Jiang et al. and Kaufman et al. sug-
gested that enteric colonization with  Oxalobacter formigenes , which uses oxalate as a main energy 
source, reduces the risk of CaOx stone recurrence among individuals who had low calcium intake [ 20 ]. 
However, there is insuffi cient evidence to support the use of probiotics to reduce stone risk at this time.  

   Hypocitraturia 

 The urine usually has a supersaturation of solutes especially CaOx; however, the level tends to be 
greater than 10 times the concentration to form the CaOx crystals. This is due to the presence of citrate 
in the urine. Citrate in urine binds with urinary calcium to form a soluble compound and increases 
urine pH. CaOx stone formation is favorable in low urine pH; therefore, citrate can help prevent CaOx 
stone formation. RTA and chronic diarrhea can also cause decreased citrate in the urine. The normal 
value of urinary citrate for males is >450 mg/day and for females >550 mg/day [ 12 ] (Table  21.3 ). The 
most common form of citrate prescription is potassium citrate. However, calcium, oxalate, and urine 
pH should be checked before initiation of citrate treatment. If urine pH increases with citrate treat-
ment, there is a risk of CaP stone formation. In patients who have IBD with high urinary oxalate, and 
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  Fig. 21.2    Model of idiopathic hypercalciuria       
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low urinary sodium level because of malabsorption and gastrointestinal loss of sodium, sodium citrate 
is more benefi cial than potassium citrate. However, sodium citrate can increase urinary calcium excre-
tion; therefore, it may increase the risk of CaOx stones.  

   pH 

 Urine pH is an important factor in the formation of kidney stones. A low urine pH can promote CaOx 
and uric acid stones, and a high urine pH can increase the risk of CaP stones. Urine pH is affected by 
acid- and alkaline ash from the diet. The mineral salt that predominates in foods determines whether 
the residue is acidic or alkaline. The minerals producing alkaline are sodium, potassium, magnesium, 
and calcium. Acid-forming minerals are sulfur, chlorine, and phosphorus. High animal protein diet 
which has high purine content and sulfa can reduce pH and will lead to an increased risk of uric acid 
stones. An alkaline ash diet which is high in citrate, mostly from fruits and vegetables, can increase 
urine pH and citrate excretion. Alkaline ash diet is preferable for the certain type of stone risk; how-
ever, a high pH without alkali therapy may increase the risk of struvite stones from a UTI (see 
Table  21.7  for examples of acid and alkaline ash foods).  

   Uric Acid 

 The determinant of uric acid stones is urine pH. A low urine pH has more insoluble uric acids concen-
tration; therefore, the risk of uric acid stone is higher. The prevalence of uric acid stones is about 5 % 
of total kidney stone disease. Measurements of urinary calcium, uric acid, and post-prandial urine pH 
are used to assess the uric acid stone. The average adult consumes about 2 mg of purine/kg/day, which 
produces 200–300 mg of uric acid daily. Endogenous production is about 300 mg/day. In some stud-
ies, uric acid excretion is 5.6 mg/kg/day [ 21 ] and total excretion of uric acid is less than 800 mg/day. 
Dietary consumption of purine varies daily by individuals. Kessler et al. conducted a cross-sectional 
study by using bicarbonate-rich mineral water and various types of juices on uric acid stone forma-
tion. They found that black current juice decreased uric acid stone risk by increasing the urine pH 
[ 22 ,  23 ]. Ingestion of alcohol can also affect urinary uric acid excretion. If patients have gout allopu-
rinol is usually prescribed along with low purine diet to reduce blood uric acid and uricosuria [ 21 ,  24 ]. 
Table  21.6  summarizes the management of the kidney stones.

   Table 21.6    Management of all types of kidney stones   

 Abnormality  Evaluate  Management 

 Hypercalciuria  Urine Na and urea nitrogen  Na, protein restriction, thiazide, NOT 
LOW Ca DIET 

 Hypercalcemia  PTH, ionized Ca, vitamin D, malignancy, 
thyroid, bone disease, etc. 

 Parathyroidectomy, treat underlying 
disorder 

 Hyperoxaluria  Dietary oxalate, low dietary Ca, vitamin D, 
sweeteners, ileal disease, gastric bypass, 
ethylene glycol, enzyme defi ciencies 

 Restrict oxalate, supplement magnesium, 
Ca, pyridoxine, cholestyramine 

 Hypocitraturia  Urinary citrate, serum potassium (K), creatinine, 
malabsorption, RTA, acetazolamide 

 Alkali (potassium citrate), sodium 
citrate if volume deplete 

 Hyperuricosuria  Dietary purines  Purine restriction, allopurinol, alkali 
 Acid urine (pH)  Exclude chronic diarrhea, gout, ileostomy  Alkali (potassium citrate) 
 Low urine volume  24 h urine volume  At least 2.5 L fl uid intake 

   PTH  parathyroid hormone,  RTA  renal tubular acidosis  
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       Dietary Factors 

 Several dietary factors can increase risk of the stone formation. Dietary sodium, protein, potassium, 
calcium, magnesium, and other nutrients are discussed. These dietary factors can be modifi ed depend-
ing on the types of different stone risks. Foods that produce acid ash after being metabolized in the 
body can affect the lowering of urinary pH and alkaline ash foods can increase urinary pH. These 
specifi c diets are used based on urine pH, urinary uric acid, and types of stones (Table  21.7 ).

     Sodium 

 Several studies have shown that dietary sodium restriction alone decreases urinary calcium excretion 
[ 25 ]. Proximal tubular calcium reabsorption is increased with a low sodium diet (2,000–3,000 mg/day) 
and it decreases the SSCaOx. In addition of thiazide diuretics, calcium reabsorption is enhanced and 
further decreases hypercalciuria. However, addition of thiazide can lead to volume depletion and ion 
exchange and volume status will come to the steady state in a few days. If the patient continues to con-
sume a high sodium diet, sodium will reach the distal nephron and increase the excretion of calcium 
and potassium along with citrate resulting in a change in the urinary pH that will eventually increase 
the risk of stone formation. Therefore, after analyzing the 24-h urine, a low sodium diet will help in 
appropriate thiazide use for patients with CaOx stones   . The patients with IBD usually have low urinary 
sodium levels and low urinary citrates. Therefore, use of sodium citrates instead of  potassium is benefi -
cial to improve fl uid status from gastrointestinal losses and increase urine volume.  

   Potassium 

 Potassium is abundant in most fruits and vegetables. However, if the patient has low urinary citrate 
and low urine pH, potassium citrate is commonly used to improve hypocitraturia. Monitoring 24-h 
urinary excretion of potassium is important to evaluate compliance to diet and medications. Taylor 
et al. analyzed the 24-h urine with the Diet Approaches to Stop Hypertension (DASH) diet and found 
that with a higher DASH score there was a decreased risk of stone formation. Because high DASH 
score foods are high in potassium, Mg, and phosphorus, these may increase urine pH, resulting in 
decreased SSCaOx and uric acid in urine as well as increased urine volume and citrate [ 26 ,  27 ]. 
If patients have chronic kidney disease and take angiotensin converting enzyme inhibitors (ACEI) as 
antihypertensive medication, serum potassium level should be monitored closely.  

    Table 21.7    Acid ash and alkaline ash foods   

 Acid ash foods  Alkaline ash foods 

 Meat  Meat, fi sh, fowl, shellfi sh, egg  Dairy  Milk and milk products 
 Dairy and other 

protein 
 All types of cheese  Butter milk 
 Peanut butter 
 Peanuts 

 Fat  Bacon, nuts (Brazil, fi lberts, 
walnuts) 

 Fat  Nuts (almonds, chestnuts, coconuts) 

 Starch  All types esp. whole wheat  Vegetables  All types except corn and lentils 
 Crackers, cereal, macaroni, 

spaghetti, noodle, rice 
 Beets, beet greens, Swiss chard, dandelion 

greens, kale, mustard greens, spinach, 
turnip greens  Vegetables  Corn, lentils 

 Fruits  Cranberries, plums, prunes  Fruits  All types except cranberries, plum, and prunes 
 Desserts  Plain cakes, cookies  Sweets  Molasses 

  Modifi ed from Krause’s Food, Nutrition & Diet Therapy, 12th Ed., Saunders, p. 952, 2008  
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   Protein 

 There are few markers in 24-h urinalysis to evaluate dietary protein intake, production, and excretion. 
Ammonium (NH 4 ) level should be low in patients who take alkali therapy or who present with RTA. 
Monitoring citrate, which is the indicator of urine acidity, can identify these problems. High ammo-
nium and sulfate are indicators of a high protein diet, especially animal protein [ 4 ]. Also, a high pro-
tein diet (≥1.5 g/kg/day) can reduce urine pH; therefore, a moderate to low protein diet should be 
advised (0.8–1.4 g/kg/day). Patients who take alkali therapy especially with low citrate level have low 
urinary ammonium with higher pH; therefore, the risk of uric acids or CaOx can be decreased. Urea 
nitrogen appearance (UNA) and PCR are measurements of daily protein intake and they are calculated 
to kg body weight. In a normal healthy steady state, intake of protein can be equivalent to protein 
catabolism; therefore, PCR determines the nitrogen balance from 24-h urine urea concentration:

  PCR =[6.25({24h urea N} {0.031 weight})] weight+ × /    

  Patients who have acute or chronic infection are usually malnourished and catabolism occurs. 
Therefore, this formula should not be used to evaluate protein intake. For patients without active stress 
of illness, the PCR can guide protein recommendations for patients to prevent further stone risks. 

 Currently, most common weight loss diet promotes large amount of protein and this is not recom-
mended for the patients who have a history of kidney stones. This diet regimen increases hypercalci-
uria, lowers pH of urine, and increases uric acid levels, which increase kidney stone risk. Massey et al. 
conducted a study to monitor the effect of stone risk in beef vs. plant protein and concluded that a 
moderate amount of protein intake had the same effect in reducing CaOx stone risk [ 28 ]. The amount 
of protein seems to be a more important factor in that study. Recently, an epidemiological study 
showed that animal protein intake was not independently associated with the incidence of nephroli-
thiasis among a large cohort of postmenopausal women [ 29 ]. However, the evaluation of stone risk is 
varied by individuals and complicated. Therefore, the recommendation of protein intake remains the 
same until there is scientifi c evidence.  

   Calcium 

 Approximately 20 % of dietary calcium is absorbed under normal conditions. There is substantial 
evidence that a higher calcium diet is associated with a lower stone formation. The higher calcium 
intake will bind oxalate in the gut if it is consumed with meals; therefore, oxalate absorption is 
reduced. Patients who consumed a diet with a normal calcium intake (i.e., 1,200 mg/day) plus a low 
animal protein intake had a 51 % lower incidence of recurrent stones than patients who consume 
400 mg calcium diet [ 30 ]. Although data on calcium supplements is not effective in reducing stone 
risk, taking calcium supplement with meal is benefi cial because calcium can bind with the dietary 
oxalate not to be absorbed.  

   Magnesium 

 Magnesium forms a complex with oxalate and decreases SSCaOx in the urine, which can reduce the 
risk of stone formation [ 26 ,  27 ]. The DASH diet, which is high in Mg, showed a decrease in stone risk 
by increasing pH and lowering SSCaOx [ 26 ,  27 ]. Magnesium can also bind with oxalate in the gas-
trointestinal tract to reduce oxalate absorption; however, a magnesium supplement is not recom-
mended especially for patients with chronic kidney disease. Decreased urinary magnesium may be a 
sign of malabsorption, malnutrition, small bowel disease, or laxative abuse. Hypomagnesemia is not 
a risk factor for stone formation.  
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   Vitamin C 

 Vitamin C is metabolized to dehydroascorbic acid, then converted to oxalate which is then excreted in 
the urine; therefore, a high vitamin C intake can be a risk for stone formation by increasing endoge-
nous oxalate. A recent observational study showed that consumption of more than 1,000 mg/day 
vitamin C is associated with a 40 % higher risk of stone formation in men than in those who consumed 
the Dietary Reference Intake (DRI) for vitamin C [ 31 ].  

   Other Dietary Factors 

 Citrate consumption can increase urine pH, which increases citrate concentration in the urine. Citrate 
also decreases SSCaOx due to its capacity to form a complex with calcium ions and inhibit crystalli-
zation of CaOx [ 32 ]. However, citrate may increase the risk of CaP stones. A clinical trial conducted 
by Koff et al. by using potassium citrate and lemonade for 21 stone patients found that potassium 
citrate increased urine pH with increased urinary citrate level but lemonade did not have an effect on 
urinary pH or citrate levels except for increasing urine volume [ 33 ]. 

 Phytates are found in whole grains and legumes and they can inhibit CaOx stone formation. Some 
studies have shown an inverse correlation with phytate intake and the risk of kidney stone formation 
in women [ 34 – 37 ].    

   Nutrition Assessment and Recommendation 

 Quantifi ed dietary assessment is very important to treat and prevent stone formation. The dietitian 
should evaluate dietary intakes of calcium, oxalates, sodium, protein (both animal and plant), dietary 
supplements, and fl uid intake that can either promote or inhibit stone formation. 

 There are several dietary assessment methods: the 24-h recall, food record, diet history, and food 
frequency questionnaire. The dietary intakes refl ect on the urinalysis and it is good way to evaluate 
the causes of kidney stones and to prevent recurrence. The food records provide information on intake 
of foods, beverages, and dietary supplements over specifi c periods. The most appropriate diet assess-
ment for kidney stones is the food record during a 24-h urine collection, 1–2 days before the collec-
tion. The food record should be analyzed to evaluate intakes of protein, sodium, potassium, calcium, 
phosphorus, magnesium, uric acid, oxalate, and fl uid. Based on the food intake and urinalysis, the 
clinicians can provide the adequate medical and diet treatments. Table  21.8  has dietary recommenda-
tion to prevent kidney stones.

      Common Mistakes 

   Practical Rule of Thumb 

•     Do not discuss risks in general BEFORE the DATA (24-h urinalysis)

 –    People make stones for different reasons.  
 –   Too long and irrelevant lectures: there are different types of stone risks and some individuals 

like to follow diet to prevent all types of stones which can lead to inaccurate stone risk 
analysis.  
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 –   There may be bias when the patients collect the urine. This should be done without changing the 
diet and fl uid intakes. Patients often have unnecessary restrictions of their diet, which have 
effects on the cause of stone risks.     

•   Mistake of treating without data

 –    Prescribing thiazide without low Na diet, or with low urine Ca:

   24-h urine analysis performed before prescribing thiazide. If patient has high urinary Na with 
elevated Ca levels, a low Na diet should be instructed fi rst. High Na diet can increase urinary 
Ca; therefore, diet therapy should start fi rst.  

  If thiazide is prescribed without low Na diet, patient can have polyuria until body reaches steady 
state with hypokalemia which can lower citrate level in the urine, which then lowers pH and 
eventually increases SSCaOx.     

 –   Prescribing citrate without knowing Ca and pH.

   Citrate will increase urine pH; therefore, urinary Ca and pH should be evaluated fi rst. If patient 
has high urinary Ca with normal pH and citrate is prescribed urine pH will go up to alkaline 
level which will increase risk of CaP stone.        

•   Use of allopurinol for gout and stone risk

 –    Allopurinol is commonly used for treatment of gout. However, it can lower blood uric acid level 
by increasing urinary uric acid. If a patient is taking allopurinol, a low purine diet should be 
prescribed and also urine pH should be monitored to prevent uric acid stone.     

•   Using sodium citrate instead of potassium citrate

 –    If the patient has GI (gastrointestinal) problem such as IBD, the patient often has GI loss of Na, 
low volume status, and high oxalate absorption which leads to increased risk of CaOx stone. 
When the patient has low urine output, low urinary Na and high urinary oxalate with low urine 
pH sodium citrate is a better choice than potassium citrate to increase pH and Na status which 
will improve volume status.     

•   Low urinary Ca

 –    If the patient has low urinary Ca level, it may decrease the risk of Ca stone but the patient should 
be evaluated for negative Ca balance or bone disease.     

  Table 21.8    Dietary recommendation to prevent the kidney stones  

 Nutrients  Recommendation 

 Ca  800–1,200 mg/day 
 Oxalate  40–50 mg/day 
 Na  2,000–3,000 mg/day 
 Protein  0.8–1.4 g/kg/day 
 Fluid  >2.5 L/day 
 Vitamin D  Low dose if vitamin D insuffi ciency or defi ciency (1,000 IU/day) 
 Vitamin C  Dietary reference intake (DRI) 

  Taylor, EN, Curhan, GC: Diet and fl uid prescription in stone disease, Kidney Int. 
70:835–839, 2006 
 National Kidney Foundation: Diet Guidelines for Kidney stone. Litolink Corp, 
Chicago IL  
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•   Role of allopurinol vs. urine pH in UA and Ca stones  
•   HPTH does cause increased Phos excretion  
•   Uricosuric drug causes increase in uric acid in urine (Figs.  21.3  and  21.4 )   

        Diet Recommendation for Kidney Stones  (adapted from the Nephrology Department of Harvard 
Vanguard Medical Associates).   

   General Recommendations 

•     Drink plenty of fl uid: 3 L/day

 –    Any type of fl uids except grapefruit juice  
 –   Water, coffee, and lemonade have shown benefi cial effect  
 –   Produce less concentrated urine with good volume (at least 2 L/day)     

•   Avoid foods with high oxalate (see Table  21.9 )

Prescribing Thiazide without low Na diet, or with low urine Ca

Hypokalemia Polyuria until steady state No effect on Ca

Low citrate

SSCaOx

  Fig. 21.3    Prescribing thiazide without low Na diet or with low urine Ca       

Prescribing Citrate without knowing Ca and pH

CaP stone pH Alkali

Using Na citrate instead of K citrate Low urinary Ca

If pt has GI oxalosis
Low volume, low Na

Urine Ca

Risk of stone Suspect

negative Ca
Benefit SSCaOx and  CaP balance, Bone 

disease

Role of allopurinol vs. Urine pH in UA and Ca stones
HPTH does cause increased phos excretion
Uricosuric drug causes increase high uric acid in urine

  Fig. 21.4    Prescribing citrate without knowing Ca and pH       
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    Table 21.9    Oxalate (mg/100g: 3.5 oz) content of foods       

Foods (3.5 oz) Oxalate 
(mg)

Foods (3.5 oz) Oxalate 
(mg)

Foods (3.5 oz) Oxalate
(mg)

Flours & Mills Seed containing Vegetables Leafy Vegetables

Barley flour
Buckwheat flour
Corn meal
Rice flour, brown
Rye flour, dark
Semolina flour
Soy flour
Wheat flour, white 
unbleached
Wheat flour, whole
Wheat Germ

56
269
54
37
51
48

183
40

67
269

Cucumber, raw
Eggplant, raw
Eggplant, green, long, 
raw
Okra, raw
Pepper, raw
Snap beans, raw
Squash, raw
Tomato, raw
Yard long beans, green, 
raw

20
190
55

50
40

360
20
50
38

Amaranth leaves, 
raw
Beet leaves, raw
Brussels sprouts, raw
Cabbage, green raw
Chicory, raw
Chinese cabbage, raw
Chinese, kale, raw
Chives, raw
Collards, raw
Coriander, raw
Endive, raw
Kale, raw
Leek
Lettuce, raw
Parsley, raw
Purslane, raw
Spinach, raw
Turnip greens, raw
Watercress, raw

1090

610
360
100
210

6
23

1480
450
10

110
20
89

330
1700
1310
970
50

310

Fruits Legumes (beans & Peas)

Bitter melon, raw
Papaya raw
Green goose berries
Black berries
Blueberries, 
strawberries, red 
raspberries
Black raspberries
Concord grapes
Currents
Lemon peel
Lime peel
Rhubarb

71
5

88
19
15

55
25
19
83

110
800

Anasazi beans, boiled
Azuki beans, boiled
Black beans, boiled
Cowpeas (blackeye
peas), boiled
Gabanzo beans, boiled
Great northern beans, 
boiled
Kidney beans, red 
cooked
Lentils, boiled
Lima beans, large, 
boiled
Navy beans, boiled
Peas, green, split, boiled
Peas, raw
Peas, yellow, split, boiled
Pink beans, boiled
Pinto beans, boiled
Red beans, boiled
Soybeans, boiled
White beans, small 
boiled

80
25
72
4

9
75

16

8
8

57
6

50
5

75
27
35
56
78

Tuber & Root Vegetables

Beetroot, boiled
Carrot, raw
Cassava root, raw
Parsnip, raw
Potato, raw
Radish, raw
Rutabaga, raw
Sweet potato, raw
Turnip, raw

675
500

1260
40
50

480
30

240
210

Nuts Other Vegetables

Almonds, roasted
Cashews, roasted
Hazelnuts, raw
Macadamia nuts, 
raw
Peanuts, raw
Pecans, raw
Pine nuts, raw
Pine nuts, roasted
Pistachio nuts, 
roasted
Soy nuts (1 oz)
Walnuts, raw

469
262
222
42

142
64

198
140
49

392
74

Corn, sweet, raw
Garlic, raw
Onion, raw

10
360
50

Miscellaneous Foods
Black pepper
Chocolate
Cocoa powder
Indian tea (1C)
Soy protein
Soy yogurt
Soybean cracker
Tofu

419
117
623
72

496
113
207
275

Stem & Stalk Vegetables

Asparagus, raw
Broccoli, raw
Cauliflower, raw
Celery, raw

130
190
150
190
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 –    Spinach, berries, chocolate, wheat bran, nuts, beets, tea, and rhubarb should be eliminated from the 
diet      

•   Avoid extra calcium supplements

 –    Calcium supplement should be individualized after 24 h urine calcium level and other risk 
 factors are analyzed        

•   Avoid high protein diet

 –    With high protein intake, kidney will excrete more calcium; therefore, it will form more stones 
in the kidney     

•   Avoid high salt diet

 –    Blood pressure control is important for stone formation and high salt diet can lead to high blood 
pressure     

•   Avoid high dose of vitamin C supplement

 –    Recommend to take 60 mg/day (US Dietary Reference Intake)  
 –   Excess amount (1,000 mg/day) may produce more oxalate in the body (Table  21.9 )        

   Summary 

 The majority of nephrolithiasis patients have recurrent kidney stones throughout their lifetime. The risk 
of recurrence is varied by individuals; however, multiple 24-h urine collections provide information on 
specifi c risk factors of the individual which can be treated and prevent recurrence in the future. Dietary 
factors play a very important role in the formation of kidney stones and dietary modifi cation can reduce 
the risk of recurrence. An increase in fl uid intake to produce more than 2 L of urine output is the most 
important factor in preventing the recurrence of stones. Other dietary modifi cations include a moderate 
protein, low oxalate, low sodium diet, and an adequate amount of dietary calcium. In addition, appro-
priate medical treatment of thiazides and citrate will be helpful to prevent further stone formation. The 
dietary and medical interventions should be based on multiple 24-h urine collections.  

   Case Studies 

   Case #1 (Table  21.10 ) 

   Table 21.10    The following 24-h urine values were observed in a 45-year-old man   

 Volume  Ca  Oxalate  Citrate  Uric acid  pH  Creatinine  Na  Phos  NH 4  

 Results  2.006  364 mg  77 mg  1,278 mg  1.806 g  5.1  3,040 mg  426 mEq  1.5 g  108 mM 
 Ref value  >2 L  <250  <40  200–1,000  <0.8  5.8–6.2  <150  <1.2  <60 
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        1.    What type of stone does this patient have?

    (a)    Calcium oxalate   
   (b)    Uric acid   
   (c)    Struvite   
   (d)    Cysteine    

  Answer: B 

•   The answer is B. Uric acid stone  
•   Uric acid level is very high with low pH.       

    2.    What would be the preferred treatment strategy?

    (a)    Allopurinol   
   (b)    Na citrate   
   (c)    K citrate and increase urine volume to 2.5 L   
   (d)    Na and protein-restricted diet   
   (e)    Thiazide diuretics    

  Answer: D 

•   The answer is D. Sodium and protein-restricted diet.  
•   The patient has large excretion rate of sodium which will increase urinary calcium excretion.  
•   High protein intake is suggested by the elevated ammonium, uric acid, phosphate in the urine as 

well as suggested by the high creatinine excretion.  
•   One would need to confi rm that this is not an over-collection.       

     Case #2 (Table  21.11 ) 

        1.    What is the likely cause of her disorder?

    (a)    Renal tubular acidosis is resulting in hypocitraturia   
   (b)    Dietary excess of nuts, chocolate, and berries   
   (c)    Hyperparathyroidism   
   (d)    Crohn’s disease   
   (e)    Oxalosis    

  Answer: D 

•   The answer is D. Crohn’s disease with secondary hyperparathyroidism, causing low urinary cal-
cium excretion.  

•   There is low citrate, high oxalate, and low volume in this intestinal malabsorptive condition.  
•   RTA does not explain increased urine oxalate.  
•   Nuts, etc. do not explain degree of hyperoxaluria.  
•   Oxalosis does not explain low U citrate and low urine calcium.       

   Table 21.11    A 45-year-old woman is referred for recurrent oxalate stone formation   

 Vol  SSCaOx  Ca  Ox  Cit  SSCa  UpH  SSUA  UA 

 Results  1.52  10.04  40  143  23  0.09  5.5  0.53  0.202 
 Ref value  >2  6–10  <200  20–40  >550  0.5–2  5.8–6.2  0–1  <0.75 

  The above is her 24-h urine result  
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    2.    The preferred treatment for the same patient would include all but which of the following:

    (a)    Na citrate   
   (b)    Ca supplementations with meals   
   (c)    Cholestyramine   
   (d)    K citrate   
   (e)    Dietary oxalate restriction    

  Answer: D 

•   The answer is D. K citrate is not ideal.  
•   In this case of volume depletion associated with intestinal disorders, alkali therapy with sodium 

salts is preferable as it may increase the extracellular volume and urine output.  
•   Restrict dietary oxalate.  
•   Use cholestyramine to bind intestinal oxalate.  
•   Calcium with meals binds intestinal oxalate.       
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   Public Policy and Renal Nutrition Practice: Past, Present and Future 

 The heart of professional advancement is recognition and inclusion in public policies that support 
patient access to appropriate care. Nearly all areas of nutrition and dietetics practice are touched in 
some way by public policy, but none as signifi cantly as the area of renal nutrition. 

 In a period of less than a century, care of patients with chronic kidney disease has tremendously 
improved and the cadre of professionals who tend to their medical needs has grown greatly. Before 
the development of dialysis and transplantation in the mid-twentieth century, individuals with chronic 
kidney failure faced certain death. With the entry of lifesaving medical interventions—including 
nutritional treatments—chances for survival were greatly improved. The costs, however, remained 
prohibitive for most patients. 

 Recognizing the growing costs of care and the inability of many to pay for it, the federal and state 
governments initiated public health insurance programs. Part of the expense of coverage was related 
to personnel and clinical overhead in addition to materials and equipment. Securing coverage for both 
sets of expenses became the goal of many advocacy groups, including the National Kidney Foundation 
and similar patient advocacy groups as well as professional associations such as the Academy of 
Nutrition and Dietetics (formerly American Dietetic Association), which advocates for direct pay-
ment for registered dietitian/nutritionist (RD/N) services. 

    Chapter 22   
 Public Policy and Renal Nutrition Practice: 
Past, Present, and Future 

              Mary     H.     Hager     

        M.  H.   Hager ,  Ph.D., M.S.      (*) 
   Mendham, NJ, USA       
 e-mail: hagermmh@aol.com  

 Key Points 

•     The heart of professional advancement is recognition and inclusion in public policies that support 
patient access to appropriate care.  

•   Understanding the makeup and functions of many government bodies, both elected and adminis-
trative, is a fundamental requirement for professionals in a variety of disciplines to affect public 
policy.  

•   The workforce needs more registered dietitian/nutritionists who specialize in renal nutrition to 
ensure the future of mandatory inclusion in healthcare law.    
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 It takes many years of advocacy efforts to achieve such public policy victories. Understanding the 
makeup and functions of many government bodies, both elected and administrative, is a fundamental 
requirement for professionals in a variety of disciplines to affect public policy.  

    The Role of Federal and State Governments 

 The US Constitution established a government based on “federalism,” or the sharing of power between 
the national and state (and/or) local governments. States also have their own constitutions; but all 
provisions must agree with the US Constitution or at the very least not be in disagreement. Under the 
US Constitution, state governments are allowed exclusive powers to issue licenses and provide for 
public health and safety and a variety of other actions. As a consequence, it is important for nutrition 
professionals to be informed of both national and state government activities and provisions, and 
sometimes even those of local governments. 

 Over time, particularly after such events as the Civil War and the Great Depression, federalism in the 
United States tended to shift towards a stronger federal government. One striking example is the federal 
government’s establishment of Social Security in 1935 with the intent to provide economic security 
based on resources beyond those of family and local community. The year before (1934), President 
Franklin Roosevelt created a Committee on Economic Security to study the problem of economic secu-
rity and make recommendations to Congress that could serve as the foundation for legislation. 

 Known as the Social Security Act, the bill was signed into law by President Roosevelt on August 
14, 1935. The new law established Social Security to pay a continuing income to retired workers age 
65 or older. In addition, the law provided employment insurance, old age assistance, and aid to depen-
dent children and grants to the states to provide various forms of medical care. 

 From the 1930s to the 1960s, several amendments were made to broaden the scope of the Social 
Security Act. But it was not until the 1960s that the cost of illness was addressed for the aged and dis-
abled. On July 30, 1965, President Lyndon Johnson signed the Medicare bill into law. Social Security 
Administration was now responsible for administering a new social insurance program called Medicare 
(under Title XVIII of the Social Security Act) that extended health coverage to almost all Americans 
aged 65 or older. In addition to Medicare, the new law enacted Medicaid (under Title XIX) a state-run 
healthcare assistance program supported in part by federal funds for qualifi ed low-income individuals 
living at or below poverty levels. The law extended health assistance to low-income children deprived 
of parental support, their caretaker relatives, the elderly, the blind, and individuals with disabilities. 

 In 1972, Medicare eligibility was extended to individuals under 65 with long-term disabilities and 
to individuals with end-stage renal disease (ESRD). Enabling access to Medicare was a signifi cant 
step forward for individuals with chronic kidney disease [ 1 ].  

    Direct Payment to Nutrition and Dietetics Practitioners 

 In 1965, when the Medicare bill was signed into law, there was no national registry of dietitians nor 
were dietitians licensed to practice in any state within the union. Consequently, there was no coverage 
for nutrition counseling provided by registered dietitians included in the 1965 Medicare law. In addi-
tion, it was not until 1975 that the fi rst state, Alabama, enacted a regulation law for dietetics [ 2 ]. 

 By the mid-1970s, registered dietitians began to work in private practice. Insurance coverage for 
their nutrition counseling services was virtually nonexistent. The Commission on Dietetic Registration 
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was set up in 1969, and once established, CDR grandfathered 19,457 registered dietitians that year 
[ 3 ]. In 1970, 56 individuals took the fi rst registration exam. As of 2011, CDR reports there were 
81,619 registered dietitians (RDs) and 4,237 dietetic technicians, registered, (DTRs) on the registry. 
The exact number of these individuals actively working full time in dietetics is currently unknown. 
Even if all registered dietitians were employed full time in the profession, there is only one RD per 
3,800 US citizens based on projected 2011 census data [ 4 ]. Government offi cials have expressed con-
cern that other practitioners need to provide nutrition counseling to meet the needs of the 
population. 

 The demand for dietitians specializing in renal nutrition increased as scientifi c evidence showed 
nutrition to be key to slowing the progression of chronic renal failure and critical for optimal dialysis 
care and renal transplantation success. Articles began to appear in the Journal of the American Dietetic 
Association attesting to the need for third-party insurance coverage for dietitians [ 5 ]. 

 In summary, Social Security Act provisions were the foundation upon which coverage for nutrition 
counseling services was established. Inclusion in Medicare—the nation’s public health insurance plan 
for individuals age 65 and over and for persons with disabilities—set in motion the expansion of pri-
vate health insurance to cover nutrition counseling services. 

 ADA formalized its public policy program in 1971; the fi rst dietitians were grandfathered as regis-
tered dietitians in 1969. The then-extant Advisory Committee on Legislation and Public Policy served 
as the precursor of current advocacy programs. The committee began its work by developing guide-
lines and procedures for ADA to engage in legislative and public policy work [ 6 ]. 

 By 1985, ADA’s Board of Directors approved the establishment of an offi ce in Washington, DC to 
increase advocacy effectiveness and to build relationships with members of Congress and the 
Executive Branch staff [ 7 ]. Federal efforts to improve Medicare and Medicaid led to continual devel-
opment of bills and offered an opportunity to include legislative language that would allow for 
Medicare coverage of nutrition counseling services, now referred to as medical nutrition therapy.  

    The MNT Benefi t 

 After several years of advocating for Medicare reimbursement for dietitians, Congress fi nally passed a 
Medicare Part B MNT provision in December 2000 as part of the Benefi ts Improvement and Protection 
Act (“BIPA”; P.L. 106-554) [ 7 ]. There were several important provisions; most notably that renal 
patients who were not receiving dialysis now had access to registered dietitians or licensed nutrition 
professionals, including posttransplantation MNT upon physician referral. This benefi t became effec-
tive January 1, 2002. Patients diagnosed with diabetes mellitus were also provided this benefi t. 

 Passage of BIPA was considered a major success for the dietetics profession. Since that time, 
efforts have continued to expand this benefi t to other disease diagnoses. But obtaining coverage for 
professional services is universally a lengthy and complicated process that requires actions by practi-
tioners at both the local and national levels. 

 The US Constitution provides states the right to license professionals and regulate practice, thus 
determining who can be a qualifi ed practitioner. While the federal government can specify the 
qualifi cations of facility staff (hospital, dialysis clinic, nursing facility, and so forth) in order to pay 
for care in that facility, it recognizes that states have full authority to defi ne and license qualifi ed 
individuals. Therefore, registered dietitians and other qualifi ed nutrition professionals need to 
ensure they are recognized by the states in which they work. In addition, the federal government 
allows states to defi ne who provides specifi c interventions for state Medicaid programs. Therefore, 
qualifi ed nutrition professionals should also be in continual dialog with the offi ce of the Medicaid 
Director in their state.  

22 Public Policy and Renal Nutrition Practice: Past, Present, and Future
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    What You Can Do to Promote Patient Access to Nutrition 
Care Provided by RD/Ns 

 Below is a list of several activities that qualifi ed licensed nutritionists and RD/Ns in renal nutrition can 
engage in to promote their services and efforts to secure direct reimbursement. Recognition involves 
ongoing professional visibility. Professional visibility requires a willingness to engage key decision 
makers at the state and federal level, both elected and permanent staff. 

 Total healthcare dollars are not going to increase; but patient needs may. Availability of healthcare 
resources should be focused on area of high patient need. Dietitians in independent practice, in facili-
ties, and in other settings are important components of the healthcare system. Their commitment to 
their patients requires ongoing surveillance of public policy issues and developments, and along with 
this, an active role in ensuring public policy decisions that benefi t the patient. 

 There are several ways to become engaged in promoting dietetics practice as a key component of 
an overall patient care program [ 8 ].

•    Because local regulations can be more inclusive than national decisions, work with state/local 
Medicare and Medicaid offi cials to seek local coverage and ensure that RD/N services are included 
in new benefi ts related to renal care.  

•   Support efforts to obtain licensure for RD/Ns (and for those with equivalent education and train-
ing) to facilitate local coverage for RD/Ns services. The Centers for Medicare & Medicaid Services 
leaves it to the states to determine who is the qualifi ed health practitioner to perform certain medi-
cal interventions, including MNT.  

•   Support efforts to lobby Congress to mandate expanded coverage.  
•   Network and participate as team members with qualifi ed primary care practitioners who coordinate 

patient care.  
•   Support education of new practitioners and growth of the profession by volunteering as a preceptor 

of supervised practice.    

 Renal dietitians are uniquely trained and deserve to be represented as an essential part of the 
medical team. It is critical to increase the numbers of renal dietitians who are legally recognized by 
the state in which they practice. It is equally important to increase the numbers of practitioners to 
ensure inclusion in legislation and rule making, particularly at the federal level. The workforce needs 
more registered dietitian/nutritionists who specialize in renal nutrition to ensure the future of manda-
tory inclusion in healthcare law.        
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          Key Points 

•     Defi ne dietary supplement and delineate safety and effi cacy issues.  
•   Identify dietary supplements that may be used by people with kidney disease.  
•   Describe dietary supplements that may be associated with kidney dysfunction.  
•   Discuss considerations for health professionals regarding dietary supplements.     
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    Introduction 

 Complementary and alternative medicine (CAM) may be thought of as “a group of diverse medical 
and health care systems, practices, and products that are not presently considered to be part of conven-
tional medicine” [ 1 ]. Practices considered as CAM may evolve over time and be adopted into conven-
tional healthcare when therapies are proven safe and effective [ 1 ]. “CAM” may literally be divided 
into therapies that are “complementary,” referring to practices that are adjunctive to conventional 
practice; they may be “alternative,” referring to practices that are used instead of conventional prac-
tices; or, increasingly used in the vernacular, the term “integrative” refers to a merging of allopathic 
approaches and CAM therapies for which evidence on safety and effi cacy exists. The integrative 
approach seeks to deliver healthcare that is superior to any one modality alone [ 1 ]. After the formation 
of the National Center for Complementary and Alternative Medicine (NCCAM) within the National 
Institutes of Health, NCCAM categorized CAM practices into three broad categories of natural prod-
ucts, mind and body medicines, and manipulative and body-based practices [ 1 ]. Dietary supplements 
are considered part of the natural products category. While people with kidney disease may wish to 
explore one or more of the CAM domains, the focus of this chapter is with regard to non-vitamin, 
non-mineral dietary supplements and kidney disease.  
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    Dietary Supplements 

 The availability and usage of dietary supplements have increased notably in the past decade, with 
sales reported to be more than $25 billion in 2010. The American Botanical Council noted that sales 
of herbal products specifi cally have increased approximately 2 % annually since 2000 to $5.2 billion 
in 2010 [ 2 ]. 

 The surge in availability and use of dietary supplements may be attributed to the Dietary Supplement 
Health and Education Act (DSHEA) of 1994 [ 3 ]. At that time, the Congress acknowledged that there 
may be a positive relationship between dietary practices, such as dietary supplements, and health 
promotion and disease prevention, which may translate into reduced healthcare burden. DSHEA 
amended the Food, Drug, and Cosmetic Act of 1958 to exclude dietary supplements from the pre- 
market safety evaluations that food and drugs undergo. DSHEA mandated a defi nition of dietary 
supplements (see Box  23.1 ) and guidelines for product claims and labels, including a disclaimer that 
the FDA has not evaluated the product for safety or effi cacy. DSHEA authorized FDA to establish 
good manufacturing practices (GMP) for the supplement industry and provided for the creation of the 
Offi ce of Dietary Supplements to promote research on dietary supplements [ 3 ].    

     Effi cacy and Safety of CAM Therapies 

 Among the key issues concerning healthcare professionals regarding CAM use is the uncertainty over 
effi cacy and safety of many CAM practices (see Box  23.2 ). Many CAM modalities are inherent in 
other cultures; however, in the United States, a CAM practice may be used in a manner not intended 
(such as “more is better”) and, in the case of botanicals, may differ from those of other regions due to 
species, soil, water, and growing conditions and use. Additionally, in certain populations, such as 
persons diagnosed with kidney disease, dietary supplements may be contraindicated due to impaired 
renal function or possible drug interactions. 

 Through NCCAM, researchers have started the foundation for investigating effi cacy and safety of 
various CAM modalities. NCCAM’s mission is to subject CAM practices to rigorous scientifi c scrutiny, 
train CAM researchers, and provide credible information to both consumers and healthcare profession-
als [ 4 ]. For those CAM modalities that are found to be health promoting, effi cacious, and safe, the 
expectation is that they will be integrated into mainstream medicine. Until then, the rise in demand and 
availability, ease of obtaining products, and limited proof of effi cacy and safety are cause for concern. 

 The FDA guidelines on GMP provide consumers and clinicians some confi dence in the quality of 
dietary supplements from reputable manufacturers that must follow the standard practices. There are 
also several independent monitoring agencies (see Box  23.3 ) and independent certifi cation programs 

   Box 23.1 Defi nition of Dietary Supplement [ 3 ] 

 “A product intended to supplement the diet to enhance health that contains one or more of the 
following:

 –    Vitamin, mineral, amino acid, herb or botanical  
 –   Dietary substance to supplement the diet by increasing total dietary intake  
 –   Concentrate, metabolite, constituent, extract or combination of any ingredient above  
 –   Intended for ingestion as capsule, powder, gelcap and is not represented as a conventional 

food or as a sole item of a meal or the diet”    
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that a manufacturer can seek to endorse the product. These independent organizations will evaluate, 
on a voluntary basis from the manufacturer, for purity, accuracy of ingredient labeling, and manufac-
turing practices. One is from the United States Pharmacopeia (USP) who will evaluate products upon 
specifi ed criteria and allow the manufacturers to use the designation, DSVP for Dietary Supplement 
Verifi cation Program, if the product passes the rigorous testing (see   http://www.usp.org/usp-
verifi cation- services/usp-verifi ed-dietary-supplements    ). Another similar program is set up by the NSF 
International to obtain the right to use the NSF mark (see   http://www.nsf.org/consumer/dietary_sup-
plements/dietary_certifi cation.asp?program=DietarySup    ).    

        Dietary Supplements and Kidney Disease 

 The increasing use of CAM practices within the United States has been documented [ 5 – 8 ], and use 
remains a signifi cant issue in current healthcare practice with continued interest and popularity among 
Americans using dietary supplements as CAM [ 9 ,  10 ]. Although there is a dearth of published litera-
ture on the actual patterns of use of dietary supplements by people with kidney disease [ 11 ], people 
may choose to use dietary supplements in an attempt to prevent further renal deterioration or may use 
CAM as an adjunct to mitigate side effects of the disease or treatments [ 12 ,  13 ]. Supplement use may 

   Box 23.2 Deciding For or Against the Use of Dietary Supplements 

       FOR

•    “Natural” medicines are natural.  
•   Many therapies used for centuries.  
•   May reduce need for drugs and associated side effects when used properly.  
•   Other countries have been prescribing herbs safely for years.    

 AGAINST

•    “Natural” medicines have biologic activity.  
•   Limited scientifi c testing.  
•   Sold without knowledge of action; active ingredient concentrations vary.  
•   May displace/enhance/interfere with current therapy.  
•   St. John’s Wort interferes with indinavir in HIV treatment.  
•   Ginkgo may enhance anticoagulation therapies.  
•   Quality control.  
•   No federal regulation prior to sale.  
•   May be subject to misidentifi cation, adulteration, contamination.    

   Box 23.3 

 MedWatch at   http    :  //      www    .  fda    .  gov      /      medwatch     
 National Council Against Health Fraud (  http    :  //      www    .  ncahf    .  org      /    ) 
 ConsumerLab: independent evaluation with periodic reports; part of the report is available 

free, some by nominal subscription (  http    :  //      www    .  consumerlab    .  com    ) 
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be classifi ed as those with potential protective effects and those that should be avoided in kidney 
disease. Additional considerations include dietary supplements that may be toxic and lead to kidney 
dysfunction and those that may have interactions with prescribed drugs. 

    Dietary Supplements with Potential Protective Effects 

 Preventing renal deterioration by using herbs and supplements would be a fortunate asset. Chinese 
cultures may not have dialysis abundantly available, and traditional medicine using herbs may be one 
of the fi rst choices in treatment. Thus, Chinese formulations or single herbs may be promising treat-
ments. However, most of the published research is with animal studies; human applicability, safety, 
effi cacy, and potential interaction with other medications must be explored. Astragalus ( Astragalus 
membranaceus ), an adaptogenic herb and antioxidant, may reduce proteinuria in glomerulonephritis 
[ 13 – 15 ]. Traditional Chinese Medicine uses astragalus often in combination with other herbs for its 
immune-enhancing potential; hence, individuals on immunosuppressants or those with autoimmune 
diseases should avoid its use [ 16 ]. The antioxidant properties of ginger ( Zingiber offi cinale ) may be 
linked to reduced infl ammation in rats [ 17 ]. Other herbs such as milk thistle ( Silybum marianum ) and 
cordyceps ( Cordyceps sinensis ) may offer protection against nephrotoxic drugs [ 16 ,  18 ]. 

 Given that people with kidney disease often also have hypertension, diabetes, or hyperlipidemia, 
herbs and supplements with anti-infl ammatory activity may be of interest in an attempt to mitigate 
cardiovascular risk factors [ 13 ]. Omega-3 fatty acids found in foods, mainly fi sh, are also available in 
the form of dietary supplements as anti-infl ammatory agents. A review article on the benefi ts of fi sh 
oil supplementation in renal patients suggests that omega-3 fatty acids may also be benefi cial to 
reduce the severity of pruritus and reduce the risk of thrombosis after placement of vascular graft [ 19 ]. 
Evening primrose ( Oenothera biennis ) and borage ( Borago offi cinalis ) oil are sources of gamma- 
linolenic acid (GLA), an omega-6 fatty acid [ 16 ]. GLA may be converted to compounds that have 
anti-infl ammatory properties. Judicious use of anti-infl ammatory agents by people with kidney disease 
may be benefi cial. Certainly side effects and drug interactions should be monitored and noted; fi sh 
oils can decrease platelet aggregation so large doses predispose a bleeding risk and may have additive 
effects with anticoagulant or antiplatelet medications [ 16 ].  

    Dietary Supplements to Avoid in Kidney Disease 

 While there is still much research to be done with dietary supplements and specifi cally in populations 
with kidney disease, most supplements should be approached with caution. Published literature on 
case reports, with either positive or negative outcomes, should not be generalized to a larger popula-
tion. Theoretical mechanisms of action need testing in vivo before affi rmation of use; both demon-
strated and theoretical drug–herb interactions must be heeded. 

 Dandelion root ( Taraxacum offi cinale ) and Scotch broom ( Cytisus scoparius ) may have diuretic 
effects [ 16 ]. Parsley ( Carum petroselinum ), juniper ( Juniperus communis ), lovage ( Levisticum offi ci-
nale ), and goldenrod ( Solidago virgaurea ) have constituents that irritate the kidney and increase renal 
blood fl ow and glomerular fi ltration, thus acting as aquaretics that increase water loss but not electro-
lyte excretion [ 16 ,  20 ]. These herbs should be considered contraindicated in kidney disease. 

 Kidney disease may alter the pharmacokinetics of drugs. Given the dietary supplements are natural 
forms of active biochemical agents, and that often the active ingredient or the mechanism of action is 
not fully understood in healthy individuals, people with kidney disease must use caution when con-
sidering the metabolism, distribution, and excretion of natural products. For example, it is known that 
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St. John’s Wort ( Hypericum perforatum ), used for mild depression, interferes with a metabolic pathway 
shared by many drugs [ 16 ,  21 ]. When prescribed drugs and St. John’s Wort are used concomitantly, 
the blood concentration of the drug may be lower than expected and often not therapeutic.   

    Dietary Supplements and Kidney Dysfunction 

 Perhaps the most infamous case of herbs causing kidney dysfunction is the case of “Chinese herb 
nephropathy” or “aristolochic acid nephropathy.” In an attempt at weight loss, a Belgian population 
took an herbal supplement with a misidentifi ed herb containing aristolochic acid, a nephrotoxic and 
carcinogenic herb. It was later reported that numerous people who took the supplement needed dialy-
sis or renal transplant and several developed urothelial carcinoma [ 22 ]. Other less common herbs 
implicated in kidney dysfunction, mainly used in Africa and China, have been reported and summa-
rized in a literature review by Colson and De Broe [ 14 ]. It would be prudent for practitioners whose 
patient populations have strong cultural ties to Africa and Asia to familiarize themselves with particu-
lar regimens inherent in certain populations. Refer to Table  23.1  for a list of herbs with adverse effects 
on the kidney.

       Considerations for Healthcare Providers 

 Conscientious healthcare providers understand the current science in health promotion and disease 
management and strive for the best possible outcomes in patient care [ 23 ]. Recognizing that patients 
may seek to include dietary supplements as a part of their healthcare regimen is vital for open 

   Table 23.1    Herbs with adverse renal effects   

 Herb (scientifi c name)  Effect  Remark 

 Aristolochia ( Aristolochia auricularia )  Renal fi brosis, carcinoma  Contains aristolochic acid 
which is nephrotoxic and 
carcinogenic 

 FDA prohibits products 
containing aristolochic acid 

 Other herbs such as asarabacca 
and costus root may be 
adulterated with aristolochic 
acid 

 Neem ( Azadirachta indica )  Nephrotoxic  Leaf or seed oil may be 
nephrotoxic; fl ower, fruit, 
and twigs may be safe 

 Licorice ( Glycyrrhiza glabra )  Hypernatremia, 
hypokalemia, edema 

 Numerous drug interactions 

 Senna ( Senna alexandrina ), Cascara ( Rhamnus 
purshiana ) 

 Hypokalemia  Used as laxatives. Senna leaf is 
not for long-term use 

 Noni fruit ( Morinda offi cinalis )  Hyperkalemia  Fruit contains high concentra-
tion of potassium 

 Juniper berry ( Juniperus communis ), dandelion 
( Taraxacum offi cinale ), asparagus tea ( Asparagus 
offi cinalis ), rupturewort ( Herniaria glabra ), Scotch 
broom ( Cytisus scoparius ), stinging nettle ( Urtica 
dioica ), uva ursi ( Arctostaphylos uva - ursi ) 

 Diuresis, electrolyte 
imbalance 

 May increase water loss without 
sodium excretion 

  Adapted from refs. [ 16 ,  18 ]  
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communication and treatment. Healthcare providers must be willing to ask questions relative to 
dietary supplement use and be prepared to answer questions or dialogue the pros and cons of a given 
regimen. Often, however, the area of dietary supplements may be intimidating when faced with 
numerous supplements with uncommon names or formulations with several ingredients. Suggested 
approaches would be to identify those dietary supplements common to one’s practice area, for exam-
ple, in kidney disease, then research the evidence for safety and effi cacy through either scientifi c 
publications or databases that synthesize the information into a quick, sound reference such as 
  http    :  //      www    .  consumerlabs    .  com     or   http    :  //      www    .  naturaldatabase    .  com    . Once the provider has back-
ground knowledge on the supplement, he or she is usually more comfortable dialoguing with the 
patient regarding dietary supplements. Likewise, a patient who perceives that his healthcare provider 
is willing to discuss the subject is more likely to disclose the truth about contemplative or actual use. 
Pertinent information to discuss is what the patient wants to use and why. The “what” is relatively 
straightforward but the “why” aspect may be more nebulous. Find out the source of the patient’s infor-
mation and identify the patient’s expectations. Is the patient taking the dietary supplement to treat a 
side effect of the disease of hoping that the supplement may cure his disease? Understanding the 
patient’s issues and the safety and effi cacy of the supplements leads to an open discussion to support 
or discourage their use. The issues of safety and effi cacy can be measured or assessed independently 
by fi rst evaluating for evidence of effi cacy, then evaluating for evidence of harm [ 23 ]. Where do the 
results of the assessment point to on an evidence-versus-harm scale? If there is some evidence of 
effi cacy and no or minimal risk of harm, then the dietary supplement may be worthwhile, such in the 
case of fi sh oil. On the contrary if the evidence for harm outweighs any benefi t, such as with senna, 
then the patient should be counseled on other therapies. If the patient understands the issues around 
dietary supplements and still intends to take one or some, healthcare providers may allow a trial 
period if the supplement is not harmful and the patient can afford the out-of-pocket expense. In that 
case, providers may advise the patient to start with one supplement at a time, monitor and report any 
side effects, allow 4–6 weeks to notice the desired effect, and report back to the provider all positive, 
negative, or neutral experiences. As expected with all patient contact, providers must document the 
dialogue and communicate the patient’s actions with the healthcare team.  

    Summary 

 With the increase in use of dietary supplements, and the relative ease with which they may be mar-
keted by manufacturers and purchased by consumers, healthcare providers need to be aware of com-
mon supplements and cognizant of the safety concerns or interactions they may have with disease 
status and medication regimens. Healthcare providers can identify the notable dietary supplements 
that may be encountered in practice and research the safety and effi cacy issues with regard to their use 
or misuse. Honest, open communication with patients who may wish to explore the use of dietary 
supplements is essential for patient–provider relations and optimal health outcomes.  

    Resources 

 Websites worth noting are the following:
•    American Botanical Council,   http://www.herbalgram.org      
•   National Center on Complementary and Alternative Medicine,   http://nccam.nih.gov      
•   Natural Medicines Comprehensive Database,   http://www.naturaldatabase.com      
•   Offi ce on Dietary Supplements,   http://ods.od.nih.gov/      
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•   American Herbal Foundation (many good links),   http://www.herbs.org      
•   NCCAM tips for consumers,   http://nccam.nih.gov/health/decisions/index.htm      
•   Natural Standards,   http://www.naturalstandards.com            
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    Introduction 

 Malnutrition and the broader term of “protein–energy wasting” have the potential to impact not only 
macronutrient metabolism but also vitamin and trace element status in patients with chronic kidney 
disease (CKD). Evidence for this is clearly shown in a recent study on vitamin K status. In this study 
the researchers determined which parameters predicted vitamin K status [ 1 ]. Patients with worsening 
vitamin K status had signifi cantly lower body mass index (BMI), more years on dialysis, higher 
C-reactive protein (CRP) concentrations, and poorer survival [ 1 ]. Thus, those patients with lower body 
stores and higher infl ammation had lower vitamin K serum concentrations and ultimately signifi cantly 
increased risk of death.    This is an excellent example of why vitamin and mineral status should be 
assessed, problems identifi ed and treated, and clinical symptoms monitored in the CKD population. 

    Data from the National Health and Nutrition Examination Survey (NHANES) [ 2 ] and the 
Modifi cation of Diet in Renal Disease (MDRD) Study [ 3 ] show that the daily ingestion of nutrients 
begins to decline as early as stage 3 CKD [ 2 ,  4 ,  5 ]. This reduction in intake may affect 
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energy-producing nutrients (carbohydrates, protein, and fat), macro-minerals, vitamins, and trace ele-
ments. However, more than intake alone affects vitamin and trace element. Metabolic alterations in 
CKD patients may affect absorption, utilization, and excretion of micronutrients. Uremic toxicity, 
comorbidities, and fi nally the treatment of ESRD may all contribute to a heightened infl ammatory 
status which affects the status of many micronutrients especially those with antioxidant properties, 
such as vitamins C and E, retinol, and minerals such as selenium. 

 Whereas vitamin D nutrition has received substantial attention, less is written or known concerning the 
optimal intake or body burden of vitamins and trace elements in CKD.    This lack of information may have 
important clinical consequences because clinicians either may not recognize an inadequate or excessive 
body burden of these nutrients or may provide insuffi cient nutritional therapy or excessive supplementa-
tion of one or more vitamin or trace elements. Few of these nutrients have been extensively studied in the 
CKD population in this regard. Thus, the lower and upper ranges of body burden of these nutrients for 
their optimal metabolic functions are not known. For example, there are few studies that have demon-
strated that CKD patients need either additional or possibly reduced amounts of a vitamin. For example, 
advanced CKD patients display an increased need for dietary for vitamin B6 (pyridoxine hydrochloride) 
[ 6 ], and a reduced tolerance for vitamin A, due to excessive serum vitamin A levels, and dietary intoler-
ance to rather small increases in the intake of this vitamin [ 7 ]. Determining the optimal nutritional status 
and recommended intake to maintain or reestablish this optimal status can be diffi cult and can require 
careful monitoring by knowledgeable healthcare providers. The purpose of this chapter is to assist health-
care providers to make more rational and informed clinical decisions, evidence based where possible, 
regarding the vitamin and trace element status and nutritional needs of their CKD patients. 

    Vitamin B1: Thiamin 

 Thiamin is a hydrophilic B vitamin involved with many metabolic functions such as serving as a 
cofactor for oxidative decarboxylation reactions. The dietary reference intake (DRI) for thiamin (age 
50–70 years) is 1.2 and 1.1 mg/day for normal men and women, respectively [ 8 ]. Dietary sources of 
thiamin include pork, oat bran, whole grains, and enriched grains [ 9 ]. 

  Thiamin and CKD : Dietary intake and nutritional status for thiamin in patients with CKD ( n  = 14) 
were assessed by Frank et al. [ 10 ]. Stage 4 and 5 CKD patients consumed an average of 1.26 mg of 
thiamin/day from the foods in their diet. Their mean plasma thiamin concentration was 64.2 nmol/L, 
and their ETK-AC (erythrocyte transketolase activity coeffi cient, an indicator of thiamin adequacy) 
was 1.18 ± 0.19 (SD) (an ETK-AC indicating no defi ciency is <1.20). ETK-AC has been regarded as 
a good functional indicator of thiamin status [ 11 ]. Thus, according to the data generated by Frank 
et al. [ 10 ], a substantial proportion of both CKD 4 and 5 patients had ETK-AC values greater than 
1.20, indicating a thiamin-defi cient status.    While evidence does not indicate that all patients are defi -
cient in thiamin, but suggests an increased risk and prevalence of insuffi cient or defi cient concentra-
tions in CKD patients. Whether the DRI for normal adults is suffi cient for patients with CKD is 
unknown. However, a daily supplement at the DRI to augment dietary intake seems prudent to prevent 
possible defi ciencies.  

    Vitamin B2: Ribofl avin 

 Ribofl avin is a water-soluble B vitamin with phosphorescent properties and promotes oxidation–
reduction reactions. The DRI for ribofl avin is 1.1 mg/day for women and 1.3 mg/day for men [ 8 ]. 
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Some rich dietary sources of ribofl avin are liver, duck, milk, eggs, mushrooms, spinach, chicken, and 
enriched grains [ 9 ]. 

  Ribofl avin and CKD : Porrini et al. [ 12 ] studied patients with advanced CKD who were not undergoing 
dialysis using the α-erythrocyte glutathione reductase stimulation index (α-EGR) to assess ribofl avin 
status. In this study, 8 % of patients were found to have elevated α-EGR, thus indicating ribofl avin 
defi ciency. When the prescribed protein intake of these patients was intentionally reduced to 1.0 or 
0.6 g protein/kg/day, from the patients’ usual intake, according to the research protocol, the preva-
lence of elevated α-EGR increased from 8 to 25 % and 41 %, respectively. The increased prevalence 
of elevated α-EGR was attributed to the fact that ribofl avin is particularly abundant in foods contain-
ing animal proteins. Indeed, several works have recommended ribofl avin supplements for CKD 
patients, especially when they ingest very low-protein diets (i.e., <0.6 g protein/kg/day) [ 5 ,  13 ,  14 ].  

    Niacin: Vitamin B3 

 Niacin is another water-soluble B vitamin that is ingested as either nicotinamide from animal sources 
or nicotinic acid from plant sources. These molecules are necessary cofactors for many oxidation–
reduction reactions. Niacin also prevents and is the therapeutic agent for pellagra, which is a condition 
caused by niacin defi ciency and often referred to by “the D’s”: dermatitis, diarrhea, dementia, and 
death. Pellagra is associated with the chronic intake of low-ribofl avin diets, alcoholism, and food fad-
dism, and when untreated, maize is a primary staple of the diet [ 15 ]. The DRI for normal individuals 
is 14 mg/day for females and 16 mg/day for males [ 8 ]. Niacin is unusual in that it has an amino acid 
precursor, tryptophan; some of the tryptophan in the body is routinely converted to niacin. Thus, when 
niacin stores are low, the conversion of tryptophan can become a source of niacin. Primary food 
sources that are rich in niacin are meat, fi sh, legumes, coffee, and tea [ 9 ], all of which tend to be 
reduced in low-protein, low-phosphorus diets. 

  Niacin and CKD : It is possible that CKD patients who are prescribed low-protein diets (such as 0.6 g 
protein/kg/day) with phosphorus restriction (such as 800 mg/day) may be at increased risk for niacin 
defi ciency due to the low niacin content of plant food; thus, their dietary niacin intake may be quite 
low. However, the authors are unaware of any clinical trials that have examined the niacin intake of 
CKD patients and whether that amount is suffi cient to maintain adequate niacin status. Additionally, 
the niacin metabolite, nicotinamide, has been successfully used to reduce serum phosphorus concen-
trations in maintenance hemodialysis patients using megadoses of niacin, 500–1,500 mg/day given 
twice daily [ 16 ,  17 ]. The mechanisms of action involve the inhibition of the sodium/phosphorus type 
IIb cotransporter (NaPi-2b) and the type IIa cotransporter (NaPi-2a), which are the major transporters 
of inorganic phosphorus in the intestinal brush border and in the proximal renal tubular epithelial cells 
of the kidneys, respectively [ 18 ,  19 ]. Therefore, it is likely that in nondialyzed CKD 3–5 patients, the 
action of nicotinamide on the NaPi-2b and NaPi-2a cotransporters not only will inhibit phosphorus 
absorption in the intestinal brush border but will also inhibit renal tubular phosphorus reabsorption 
and thereby increase phosphorus excretion in both feces and urine.    Nicotinamide use is associated 
with many side effects: most relevant are fl ushing; thrombocytopenia; hepatotoxicity (especially with 
sustained release doses); gastrointestinal symptoms such as diarrhea, vomiting, and constipation; and 
increased serum uric acid concentrations [ 19 ]. The increased serum uric acid may be of concern, 
because hyperuricemia has been associated with both hypertension and more rapid progression of 
renal failure [ 20 ]. In summary, while there is not suffi cient evidence of niacin defi ciency in CKD 
patients, those with chronically suboptimal dietary intake may benefi t from a supplement at the DRI 
level to prevent defi ciency.  
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    Vitamin B6: Pyridoxine 

  Action : Vitamin B6 exists in vivo as six compounds. These are pyridoxal, pyridoxine, pyridoxamine, 
and the 5′-phosphate derivatives of these three compounds. Pyridoxal-5’-phosphate (PLP) is a cofac-
tor for many enzymes, particularly the ones involving amino acid metabolism. Possibly relevant to the 
anemia of CKD, PLP is a cofactor for (δ)-aminolevulinate synthase to initiate heme synthesis. The 
DRI for pyridoxine in men is 1.7 mg/day and for women is 1.5 mg/day [ 8 ]. Substantial dietary sources 
of vitamin B6 are liver, fi sh, meat, poultry, plums, bananas, plantains, barley, sweet potatoes, potatoes, 
and enriched grains [ 9 ]. 

  B6 and CKD : Kopple et al. [ 6 ] conducted both dietary and biochemical assessments of pyridoxine 
status on patients with different stages of CKD. In a cross-sectional analysis, the amount of vitamin 
B6 consumed in foods declined as GFR decreased, from 2.2 ± 0.8 (SD) mg/day in six patients with 
stage 3 and 4 CKD (serum creatinine from 2.1 to 3.5 mg/dL) to 1.2 ± 0.5 mg/day in seven nondialyzed 
patients with stage 4 and 5 CKD [ 6 ]. The mean intake of vitamin B6 for patients with severe CKD was 
signifi cantly lower than the DRI for their age cohort. These declining intakes were refl ected in the 
stimulation index of erythrocyte glutamic pyruvic transaminase (EGPT) activity. EGPT activity and 
the EGPT index are measurements of adequacy of body pyridoxine levels. An EGPT index greater 
than 1.25 is an indicator of vitamin B6 defi ciency. The mean EGPT stimulation index rose (indicating 
vitamin B6 defi ciency) inversely with the stage of CKD, where patients with higher GFR levels (CKD 
stages 3 and 4) had a mean EGPT index of 1.23 ± 0.09 (SD); CKD patients with lower GFR levels 
(stages 4 and 5) had a mean index of 1.30 ± 0.11. These were all signifi cantly higher than the normal 
control values of 1.16 ± 0.06. 

 Podda et al. [ 21 ] found signifi cantly lower serum PLP concentrations, 37.3 ± 51.7 versus 
79.3 ± 65.6 pmol/mL, in patients with the nephrotic syndrome as compared with healthy controls. The 
serum B6 values inversely correlated with the magnitude of their proteinuria ( r  = 0.41,  p  < 0.001). These 
studies provide evidence that there are suboptimal levels of serum vitamin B6 in many patients with CKD. 

 Many medicines and other compounds can interfere with the actions or metabolism of vitamin B6 
and may increase the likelihood that patients will develop B6 defi ciency. This is especially likely to 
occur in CKD patients, because their vitamin B6 intake is often low, they may have increased dietary 
needs for B6 [ 13 ], and it is likely that they may be prescribed some of these latter medicines. These 
interfering compounds include isoniazid, thyroxine, iproniazid, theophylline, hydralazine, caffeine, 
penicillamine, ethanol, and oral contraceptives. The data presented here suggests that patients at stage 
3 CKD or higher are at an increased risk for defi cient concentrations of vitamin B6 and therefore 
should be supplemented adequately. It has been recommended by both the ESPEN and CARI guide-
lines that vitamin B6 be supplemented daily at a dose of 5 mg [ 22 – 24 ].  

    Folic Acid 

    Folic acid is a pteroylmonoglutamic acid which provides methyl groups for pyrimidine and purine 
synthesis and is necessary for histidine catabolism and the conversion between of glycine to serine 
and of homocysteine to methionine, in addition to other processes. Defi ciency of folic acid results in 
megaloblastic anemia. The DRI for both healthy males and females is 400 μg/day [ 8 ]. Dietary sources 
of folic acid are legumes, orange juice, spinach and other leafy greens, broccoli, beets, artichokes, 
papaya, and enriched grains [ 9 ]. 

  Folic acid and CKD : Low folate intake can be an important contributor to folate defi ciency in CKD 
patients. The primary source of dietary folic acid is fresh green vegetables which, due to their high 
potassium content, are frequently restricted in the CKD diet. Medicines that interfere with folic acid and 
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may lead to defi ciency, particularly in people with low folate intakes, include    barbiturates, primidone, 
cycloserine, pyrimethamine, diphenylhydantoin, triamterene, methyltrexate, trimethoprim, Mysoline, 
pentamidine, salicylazosulfapyridine, and ethanol. 

 In advanced CKD (such as stages 4 and 5 prior to dialysis), the metabolism of folic acid or han-
dling of its metabolites appears to be altered, although the cause and timing at which the alterations 
begin to occur are not well defi ned. Hannisdal et al. [ 25 ] compared the serum concentrations of folate 
and folic acid metabolites between healthy volunteers and nondialyzed patients with stages 3–5 CKD. 
Folate metabolites were analyzed by liquid chromatography–tandem mass spectrometry. The samples 
from patients with CKD had 22–30 times higher concentrations of folate metabolites than in sera from 
healthy volunteers. These elevated serum metabolite levels may refl ect impaired excretion rather than 
altered metabolism of folic acid. 

 The optimal or safe daily intake for folate for CKD patients prior to dialysis is unknown. Considering 
that there is currently no evidence for impaired folate activity or metabolism for nondialyzed people 
with stages 3–5 CKD, the daily intake for these individuals may be similar to that of people who do 
not have CKD.  

    Cyanocobalamin: B12 

 B12 is critical for two major reactions, (1) as a coenzyme in the reaction that converts homocysteine 
to methionine and (2) for the reaction that converts  l -methylmalonyl-CoA to succinyl-CoA [ 11 ]. B12 
is unique because it requires an intrinsic factor for absorption by the brush border of the ileum [ 13 ]; 
therefore, patients with a history of stomach or bowel resection may over time become vitamin B12 
defi cient. The DRI for B12 is 2.4 μg/day for both men and women [ 8 ], and the primary dietary sources 
are liver, beef, chicken, eggs, trout, and salmon. Additionally, fortifi ed foods, such as breakfast cereal, 
are also good sources of B12 [ 9 ]. 

  B12 and CKD : In healthy adults, there is a 3–6-year body supply of B12 [ 11 ]. Therefore, if a healthy 
person consumed insuffi cient quantities of B12 for a short period of time (less than 3 years), they 
should not develop vitamin B12 defi ciency. However, there are no data concerning the amount of 
body B12 storage in patients with CKD. A paucity of data has suggested that maintenance hemodialy-
sis patients respond favorably and quickly when they are supplemented with B12, even when the 
plasma values indicate normal ranges [ 26 ]. This may be related to the fact that plasma B12 concentra-
tions are not a sensitive indicator of B12 status. Plasma methylmalonic acid and homocysteine are 
more sensitive indicators of B12 status. Vitamin B12 is more abundant in high-protein foods. Thus, 
patients who consume low-protein or very low-protein diets for extended periods of time, for exam-
ple, greater than 3 years, with no B12 supplementation, may become vitamin B12 defi cient. 
Information on plasma and body levels of vitamin B12 is limited, and what data are available does not 
indicate that most or even many CKD patients are defi cient. However, it may still be prudent to pre-
scribe supplemental vitamin B12 equivalent to the DRI, i.e., about 3 μg/day, to CKD patients pre-
scribed diets low (0.6 g protein/day) or very low (0.3 g protein/day supplemented with keto acids and 
essential amino acids) in protein.  

    Homocysteine 

 Serum total homocysteine concentrations appear to be increased to roughly 1.5–2 times the upper limit 
of normal in the majority of stage 5 CKD patients [ 27 ]. While elevated homocysteine concentrations in 
the general, non-CKD population are associated with an increased incidence of adverse cardiovascular 
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events and mortality [ 28 ], the relationship between this magnitude of elevated concentrations and 
adverse outcomes is less clear in CKD patients. Hyperhomocysteinemia of this level has been associ-
ated with both increased and reduced mortality in the CKD population [ 29 ,  30 ], probably because of 
the interaction of serum homocysteine levels with protein–energy wasting. 

 Several clinical trials have tested treatment of stage 4 and 5 CKD patients with large doses of folic 
acid, pyridoxine HCl, and often vitamin B6 to reduce elevated plasma homocysteine levels. Perhaps 
the largest randomized prospective clinical trial with the longest follow-up concerning vitamins to 
lower homocysteine concentrations and improve clinical outcome was the HOST study.    This was a 
randomized, double-blind, placebo-controlled trial conducted in 2,056 Veterans Administration 
patients with stage 4 and 5 CKD who were not dialyzed ( n  = 1,305) or who were undergoing mainte-
nance hemodialysis ( n  = 751) [ 27 ]. All patients were hyperhomocysteinemic (Hcy > 15 μmol/L), and 
they were randomized to receive daily treatment with 40 mg folic acid, 100 mg pyridoxine HCl, and 
2 mg vitamin B12 or with placebo. Patients were treated for a mean of 4.5 years. Serum homocysteine 
levels decreased by 25.8 % in the vitamin group ( p  < 0.001) as compared to the placebo group [ 27 ]; 
however, there were no signifi cant differences between the treatment group and the control group with 
regard to mortality, myocardial infarction, or amputations. 

 In a recently published study, patients with 238 diabetic nephropathy and nephrotic syndrome, 
stage 3 or earlier, were randomized to treatment with either placebo or a combination of folic acid 
2.5 mg/day, pyridoxine HCl 25 mg/day, and vitamin B12 1 mg/day, for a mean of 31.9 months [ 31 ]. 
Patients randomized to vitamin treatment had a signifi cantly faster decline in GFR (−16.5 ± 1.7 mL/
min, mean change at 36 months) compared to patients receiving placebo (−10.7 ± 1.7 mL/min, 
 p  = 0.045). The patients taking the vitamins were signifi cantly more likely to have a myocardial infarc-
tion, stroke, revascularization, or all-cause mortality [ 31 ]. 

 Thus, there currently does not appear to be any clinical advantage to the routine use of megavita-
min therapy to lower the modestly elevated serum homocysteine levels found in typical patients with 
advanced CKD.  

    Pantothenic Acid 

 Pantothenic acid is derived from pantothenate and is used in the synthesis of coenzyme A which is 
critical for many metabolic processes such as fatty acid oxidation, transport of proteins, and the for-
mation of acetyl CoA, a key molecule in energy metabolism [ 11 ]. There is inadequate information to 
determine a DRI for pantothenic acid for normal adults; however, the adequate intake level is set at 
5 mg/day for men and women over 51 years of age [ 8 ]. Pantothenic acid appears to be ubiquitous in 
the food supply; the following foods are rich sources: beef, poultry, whole grains, potatoes, tomatoes, 
and broccoli [ 9 ]. 

  Pantothenic Acid and CKD : There are currently no published reports demonstrating pantothenic acid 
defi ciency in patients with CKD. Given the ubiquitous nature of pantothenic acid in the general food 
supply and the lack of evidence for insuffi ciency or defi ciency in CKD patients, an intake beyond the 
adequate intake level does not appear warranted.  

    Vitamin C 

 Vitamin C, or ascorbic acid, is a hydrophilic, six-carbon lactone that is capable of inhibiting the oxida-
tion of other compounds by donating up to two electrons and, in the process, undergoing oxidation. 
Vitamin C scavenges reactive oxygen species in the body, thereby reducing the threat of cellular damage. 
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The DRI for vitamin C is 75 mg/day for women and 90 mg/day for men [ 32 ]. Examples of dietary 
sources high in vitamin C are citrus fruits, berries, papaya, peppers, mangos, pineapple, broccoli, cauli-
fl ower, melons, greens, tomatoes, and tubers [ 9 ]. 

  Vitamin C and CKD : Vitamin C intake is likely to be low in CKD patients because of dietary potas-
sium restriction and because healthcare providers are often cautious in recommending vitamin C 
supplementation above the DRI due to the risk of increased oxalate production. Oxalate is a metabo-
lite of ascorbic acid, and urine oxalate and, in renal failure patients, serum oxalate may increase when 
individuals ingest supplemental ascorbic acid [ 13 ]. A direct correlation between serum ascorbic acid 
and serum oxalate concentrations has been reported in MHD patients. However, in a recent study of 
people without CKD who were at increased risk for oxalate formation, 500 mg/day of vitamin C did 
not increase 24-h urinary oxalate excretion [ 33 ]. To better assess the risk of supplemental ascorbic 
acid intakes, Chan et al. [ 34 ] conducted a study on the safety and effi cacy of oral versus intravenous 
vitamin C administration in MHD patients and, not surprisingly, found no increase in the incidence of 
nephrolithiasis at 250 or 500 mg/day doses. Serum oxalate levels were not measured, and the possibil-
ity could not be ruled out that there might have been oxalate deposition in soft or other tissues. 

 Given the potential increase in oxidative stress due to uremic toxins and dialysis treatment, main-
taining optimal concentrations of antioxidant status in CKD patients may improve clinical outcomes. 
In a study with peritoneal dialysis patients, ascorbic acid insuffi ciency and defi ciency were demon-
strated, respectively, in 74 % and 44 % of those individuals who were not receiving ascorbate supple-
ments and in 22 % and 17 % of patients who were taking supplemental ascorbic acid [ 35 ]. A larger 
study by Zhang et al. [ 36 ] similarly demonstrated high prevalence of vitamin C defi ciency for both 
MHD and chronic peritoneal dialysis patients, who were not receiving ascorbic acid supplements, 
with 33 % patients defi cient and 31 % insuffi cient using plasma vitamin C values as the indicator. This 
study also showed an increased prevalence of clinical measures that are associated with suboptimal 
vitamin C status, such as elevated serum CRP and decreased serum prealbumin (transthyretin). 
Furthermore, in a recent meta-analysis where vitamin C was given at a dose of 500 mg to hemodialy-
sis patients, this supplement was associated with an increase in hemoglobin levels and decreased 
doses of erythropoietin-stimulating agent [ 37 ].   

    Fat-Soluble Vitamins 

    Vitamin A 

 Vitamin A is a set of fat-soluble compounds classifi ed as retinoids. Humans ingest preformed vitamin 
A (retinyl esters) or the vitamin A precursors, carotenoids. Retinal and retinoic acid (the acid form) are 
required for various reactions in the eye that support vision. Retinoic acid also promotes embryonic 
development, and retinoids are necessary for normal immune function. Carotenoids are composed of 
β-carotene, α-carotene, and β-cryptoxanthin [ 38 ] with β-carotene being the most common form of the 
carotenoids. β-Carotene can be converted to retinol; however, it has only approximately 50 % of the 
activity of retinyl esters. The current recommended dietary allowance for healthy men and women is 
900 and 700 μg retinol activity equivalents (RAE)/day, respectively, and the upper safe limit is 3,000 μg 
RAE/day [ 39 ]. Abundant dietary sources of vitamin A include liver, fi sh-liver oils, dairy products, but-
ter, and eggs. β-Carotene is found in red- and yellow-colored fruits and vegetables such as cantaloupe, 
carrots, sweet potatoes, and winter squash and in dark-green leafy vegetables, such as spinach [ 9 ]. 

  Vitamin A and CKD : A 2010 study in MHD patients and healthy controls compared lipid profi les, 
total antioxidant capacity, and vitamin A levels [ 40 ]. This study showed that both before and after a 
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hemodialysis, MHD patients had elevated serum values of vitamin A in comparison to the healthy 
controls (MHD patients, 133.2 ± 47.8 SD μg/dL before and 89.3 ± 39 μg/dL after hemodialysis; con-
trols, 58.3 ± 11 μg/dL,  p  < 0.05). Potential mechanisms for the increased vitamin A levels include 
decreased catabolism of retinol-binding proteins. Frey et al. [ 41 ] showed that isoforms of retinol- 
binding protein 4 (the main transporter or retinol in blood) are increased in CKD, and this may partly 
explain elevated plasma concentrations in CKD patients. The NHANES III data demonstrated an 
association between elevated serum creatinine and elevated serum vitamin A concentrations [ 42 ]; this 
correlation was consistent across ethnicities and persisted after adjustment for confounding factors. 
This fi nding reinforces earlier studies that described elevated vitamin A levels in nondialyzed patients 
with CKD, ESRD patients, and kidney transplant recipients [ 43 – 45 ]. 

 However, the story on vitamin A may be a bit more complicated. A recent cross-sectional analysis 
in peritoneal dialysis patients showed not only that these patients consume less vitamin A but that 
their vitamin A intake was associated with their serum levels of CRP, an infl ammatory marker. Patients 
with high serum CRP had a signifi cantly lower intake of vitamin A (207 vs. 522 μg/day) [ 46 ]. 
Furthermore, Espe et al. [ 7 ] demonstrated that patients with lower retinol status had signifi cantly 
higher mortality. A similar relationship of serum vitamin A levels to mortality, both all cause and 
cardiovascular, was also found by Kalousova et al. [ 47 ]. 

 Since serum vitamin A concentrations begin to increase when the serum creatinine starts to rise [ 41 ], 
there would seem to be no need to provide supplemental vitamin A for CKD patients, unless dietary 
intake is low or there is the unusual circumstance that serum retinol concentrations are below normal. 
This is consistent with the current recommendations against the need for supplemental vitamin A in 
CKD unless the patient is commonly ingesting less than the RDA for vitamin A [ 23 ]. In this latter 
circumstance, a supplement to increase vitamin A intake to the recommended daily allowance can be 
given [ 13 ].  

    Vitamin E 

 Vitamin E is fat soluble and typically resides in cell membranes. It acts as an antioxidant, and it 
remains highly stable even after it scavenges free radicals. Vitamin E exists in four forms, α-tocopherol, 
β-tocopherol, γ-tocopherol, and δ-tocopherol; however, only α-tocopherol has an established recom-
mended dietary allowance. The DRI for vitamin E (α-tocopherol) is 15 mg/day for both normal men 
and women [ 32 ]. Dietary sources of vitamin E are vegetable oils, unprocessed grains, nuts, fruits, 
vegetables, and meat [ 9 ]. 

  Vitamin E and CKD : It has become increasingly evident that oxidative stress may act as a pathological 
agent in a number of disease states, and vitamin E has been considered as a potential treatment for this 
condition. Plasma vitamin E levels in CKD patients do not appear to be different from healthy con-
trols [ 48 ,  49 ], even when dietary intake of vitamin E is reduced [ 49 ]. The results of clinical trials 
evaluating the effectiveness of vitamin E for the prevention of cardiovascular disease in people with 
CKD have been mixed. 

 Mann et al. [ 50 ] examined the outcomes in patients with mild–moderate kidney failure (serum 
creatinine, 1.4–2.3 mg/dL; approximately stage 3 CKD) and increased risk for cardiovascular events 
who were given 400 IU/day of vitamin E as part of the HOPE trial. Patients with and without CKD in 
the HOPE trial were selected to be individuals at higher risk for adverse cardiovascular events. 
Consistent with the fi ndings in the HOPE trial patients who did not have CKD, there was no cardio-
vascular benefi t to taking this dose of vitamin E. Moreover, the long-term use of this dose (400 IU/day 
or 363 mg/day) of supplemental vitamin E in individuals with or without CKD in the HOPE trial 
resulted in an increased incidence of heart failure, heart failure-related hospitalizations, and all-cause 
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mortality (hazard ratio 1.13; 95 % CI 1.01–1.26,  p  = 0.4) [ 38 ,  39 ]. This increased risk was associated 
with vitamin E intakes as low as 150 IU/day (136 mg/day) [ 51 ,  52 ]. 

 Two studies examined vitamin E use as an antioxidant in MHD patients [ 53 ,  54 ]. In the Boaz et al. [ 53 ] 
study, MHD patients ( n  = 196) were randomized to receive either an oral dose of vitamin E, 800 IU/
day, or a placebo and followed for a median of 519 days. Treatment with vitamin E resulted in a reduc-
tion of the primary end point, a cardiovascular composite score (16 % vs. 33 %,  p  = 0.014). A more 
recent, but much smaller, study ( n  = 80) examined treatment with both silymarin and vitamin E for 21 
days on plasma malondialdehyde (MDA), red blood cell glutathione peroxidase, and hemoglobin 
levels. Supplementation led to a signifi cant decrease in MDA and an increase in red blood cell gluta-
thione peroxidase and hemoglobin levels [ 54 ]. 

 These studies, taken together, suggest that among people at high risk for cardiovascular events, 
supplemental vitamin E may not be indicated in the general population or in non-dialysis CKD 
patients. However, in the MHD population, vitamin E may be benefi cial.  

    Vitamin K 

 Vitamin K participates in posttranslational carboxylation enabling the protein to bind to calcium and 
interact with other compounds. This is a necessary step for processes involving calcium interactions 
such as blood clotting and bone mineralization. The dietary form of vitamin K is phylloquinone. 
Phylloquinone is absorbed in the jejunum and ileum and is primarily stored in the liver. Bacteria in the 
gut also produce vitamin K in the form of menaquinones which are absorbed from the distal bowel 
and stored in the liver. If vitamin K defi ciency occurs, body proteins may be undercarboxylated. 
Carboxylation status of proteins, such as osteocalcin, can be measured and used to diagnose vitamin 
K defi ciency. The normal adequate intake for vitamin K is 90 μg/day for females and 120 μg/day for 
males. Formally, enough vitamin K was thought to be produced in the intestinal tract to prevent frank 
vitamin K defi ciency even in the absence of dietary vitamin K intake. Newer evidence (see below) has 
led to a revision in this thinking.    Dietary sources of vitamin K are green vegetables, cabbage, and 
plant oils [ 9 ]. 

  Vitamin K and CKD : A decrease in dietary intake of vitamin K (phylloquinones) and/or a reduction in 
vitamin K production by gut bacteria can lower vitamin K levels. Antibiotics that suppress gut fl ora, 
and hence bacterial production of vitamin K, may increase the risk of vitamin K defi ciency and impaired 
blood clotting. This is especially likely to happen if the patient is also not eating or taking vitamin 
supplements and therefore has a low vitamin K intake. Two new studies have provided clinicians with 
evidence suggesting that a large proportion of patients with CKD may be defi cient in vitamin K. 

 The fi rst study by Holden et al. [ 55 ] in 172 patients with CKD stages 3–5 found that, depending on 
the vitamin K indicator used, 6–97 % of patients were vitamin K defi cient. When serum phylloqui-
none was used as a measure of adequate vitamin K status, a 6 % defi ciency was found in this popula-
tion. However, when the measurement was the more  sensitive  marker, the % of the osteocalcin protein 
that is under carboxylated (%ucOC), 60 % of the patients were found to be defi cient in vitamin K. 
Finally, when PIVKA-II, a less used but a potentially very accurate marker of vitamin K status, was 
measured, 97 % of the patients were found to be defi cient [ 55 ]. 

 In the second study, by Schlieper et al. [ 1 ], 64 % of MHD patients ( n  = 188) were identifi ed as 
defi cient in vitamin K using PIVKA-II as an indicator. As mentioned at the beginning of this article, 
when MHD patients were categorized according to their serum desphospho-carboxylated MGP, those 
patients with serum values below 6,139 pmol/L had signifi cantly worse survival. Furthermore, when 
17 patients were supplemented with oral doses of 135 μg/day of menaquinone-7 for 2 weeks, serum 
PIVKA-II decreased signifi cantly, from 5.6 ± 3.2 to 3.4 ± 2.2 ng/mL,  p  < 0.001. 
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 These new studies suggest that a large number of nondialyzed stage CKD patients as well as 
maintenance dialysis patients are defi cient in vitamin K and may benefi t from vitamin K supplements. 
Further studies need to be conducted to confi rm the optimal doses and duration for such vitamin K 
supplements.   

    Minerals and Trace Elements 

 Many minerals, including iron, calcium, manganese, magnesium, chromium, copper, selenium, phos-
phorus, and zinc, are essential nutrients and necessary components to metabolism in healthy individu-
als and CKD patients. However, some trace minerals when ingested can be nephrotoxic. These include 
arsenic [ 56 ], cadmium [ 57 ], chromium [ 58 ], germanium [ 59 ], lead [ 60 ], mercury [ 61 ], and silicon [ 61 ]. 
Obviously, supplements with these mineral should not be taken by CKD patients. Serum levels of some 
trace minerals appear to decline as kidney failure progresses; examples of these include calcium, cop-
per, selenium, and zinc [ 62 ,  63 ]. It is noteworthy that copper, selenium, and zinc are all associated with 
lipid peroxidation, and patients with kidney failure can have augmented lipid peroxidation [ 64 – 66 ]. 
In a recent study by Guo et al. [ 67 ], chronic dialysis patients had signifi cantly higher levels of MDA 
and superoxide dismutase (SOD) when compared with healthy controls, suggesting increased lipid 
peroxidation. The increased peroxidation may be attributed to uremic toxins, infl ammatory and oxidant 
processes, nutrient imbalances, iron supplementation, or possibly other unrecognized factors [ 68 ]. 

    Copper 

 Copper is a necessary cofactor for many enzymes including ferroxidases which facilitate iron binding 
to transferrin by changing its oxidation state. The DRI for copper is 900 μg/day for healthy individu-
als, and the upper safe limit for dietary intake is 10,000 μg/day. Abundant dietary sources of copper 
are organ meats, seafoods, nuts, seeds, whole grains, and cocoa. 

  Copper and CKD : Copper defi ciency has been associated with cardiovascular dysfunction [ 69 ], and 
conversely copper toxicity has been associated with lipid peroxidation and accelerated atherogenesis 
[ 70 ]. Very high serum copper levels may cause hemolysis. Yilmaz et al. [ 62 ] measured erythrocyte 
copper concentrations in patients at stages 1 through 5 CKD and found concentrations to be decreased 
as kidney failure progressed. In stage 1 CKD patients, their mean erythrocyte copper concentration 
was 0.9 ± 0.2 (SD) μg/mL. In stage 5 (not dialyzed) CKD, the mean concentration was 0.24 ± 0.7. 
These values were signifi cantly lower than in the control group which had a mean erythrocyte copper 
concentration of 1.06 ± 0.14 μg/mL. In these same patients, serum MDA levels rose with increasing 
stages of CKD. At stage 1 CKD, MDA was 2.48 ± 0.49 nmol/mL as compared to stage 5 CKD where 
the concentration was 8.06 ± 0.52 nmol/mL. Guo et al. [ 67 ] reported that continuous ambulatory peri-
toneal dialysis patients had higher serum copper concentrations than did healthy controls (0.90 ± 0.25 
vs. 0.53 ± 0.14 μg/mL,  p  < 0.05) and higher copper to zinc ratios (1.97 ± 1.31 vs. 0.67 ± 0.21,  p  < 0.05). 
As expected the peritoneal dialysis patients also had higher MDA concentrations (4.90 ± 2.12 vs. 
2.24 ± 0.76 nmol/L,  p  < 0.05). We are unaware of any clinical trials that measure the effect of copper 
supplementation on MDA in CKD patients.  

    Molybdenum 

 Molybdenum is involved in the metabolism of purines, pyrimidines, pteridines, aldehydes, and 
oxidation [ 71 ]. Excessive intakes of molybdenum may be associated with hypercalcemia and 
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hyperparathyroidism [ 72 ]. Interestingly, Smythe et al. [ 73 ] found signifi cantly elevated molybdenum 
concentrations in the liver of uremic patients versus healthy control subjects (4.75 ± 2.05 μg/g vs. 
3.52 ± 1.72,  p  < 0.05). However, at present there is insuffi cient evidence to indicate molybdenum sup-
plementation or restriction is warranted in CKD patients. The DRI for molybdenum is 45 μg/day for 
men and women over the age of 30 years.  

    Magnesium 

 Magnesium is also a cofactor for many enzymes. The DRI for magnesium is 420 mg/day for men and 
320 mg/day for women. Abundant dietary sources of magnesium are wheat bran, almonds, spinach, 
cashews, and soybeans. 

  Magnesium and CKD : There are some case study reports of patients with hypercalciuria and nephro-
calcinosis who may have hypomagnesemia.    These patients are characterized by low serum magne-
sium, normal to high urinary magnesium, high urinary calcium, and normal circulating calcium, 
potassium, and acid–base balance [ 74 ]. There is insuffi cient evidence to suggest a need for magne-
sium supplements for CKD patients except for rare cases of magnesium-losing disorders associated 
with kidney disease [ 74 ]. Endogenous magnesium is largely excreted by the kidneys, and in renal 
insuffi ciency, magnesium supplements could engender hypermagnesemia.  

    Manganese 

 Manganese is also a cofactor for enzymes and is important in brain function, collagen synthesis, bone 
growth, urea synthesis, and glucose and lipid metabolism. The DRI for manganese is 2.3 mg/day for 
men and 1.8 mg/day for women with an upper safe limit of 11 mg/day. Major dietary sources of man-
ganese are whole grains, nuts, leafy vegetables, and teas. 

  Manganese and CKD : One small study examined the relationship between serum manganese and 
neurological basal ganglia changes in MHD patients and observed that all fi ve patients with these 
neurological disorders had had elevated serum manganese as compared to controls [ 75 ]. The patients 
with elevated serum manganese were more likely to have pathological changes in the basal ganglia 
and, for example, Parkinson’s symptoms. There are no published studies indicating abnormally low 
serum manganese concentrations in CKD patients.  

    Selenium 

 Selenium is a cofactor for such enzymes as glutathione peroxidase, 5′-deiodinase, and thioredoxin 
reductase and, as such, helps to protect cells against destruction by hydrogen peroxide and free radi-
cals [ 76 ]. The DRI is 55 μg/day for both women and men. Major dietary sources are grains, meat, 
Brazil nuts, poultry, fi sh, and dairy products. 

  Selenium and CKD : Defi ciency has been associated with many adverse side effects such as anemia, 
cancer, cardiovascular disease, immune dysfunction, and skeletal myopathy [ 13 ]. Smythe et al. [ 73 ] 
found differences between healthy normal subjects in Australia and the United States, with Australian’s 
having signifi cantly lower selenium concentrations in all tissues measured. Additionally, these inves-
tigators found in patients with advanced renal failure some organs with signifi cantly lower 
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concentrations of selenium (e.g., in heart and lungs) but with signifi cantly higher concentrations in 
brain. Both whole blood and plasma selenium concentrations were signifi cantly reduced in CKD 
patients as compared to healthy controls at the baseline of a clinical trial conducted by Zachara et al. 
[ 77 ]. In this study, supplementation of CKD patients with 200 μg of selenium per day for 3 months 
resulted in marked increases in their red cell and whole blood concentrations. Furthermore, baseline 
plasma glutathione peroxidase activity was 37 % lower ( p  < 0.0001) than healthy controls at baseline 
and, following supplementation, activity of this enzyme increased by 15 % ( p  < 0.05). Similar results 
were found by Yilmaz et al. [ 62 ]; they found selenium concentrations and glutathione peroxidase 
activity to signifi cantly decline as the CKD stage rose. In a 2010 study, serum selenium concentrations 
were found to be below the normal range (60–120 μg/L) in 98.7 % of MHD patients studied ( n  = 81, 
mean serum selenium = 18.8 ± 17.4 μg/L) [ 78 ]. After supplementation with one Brazil nut per day 
(average selenium content 290.5 μg per nut) for 3 months, the mean serum selenium concentration 
increased to 104 + 65 μg/L, a change that was highly statistically signifi cant ( p  < 0.0001) and which 
brought serum values to within the normal range. These studies indicate that selenium defi ciency may 
not be uncommon in both nondialyzed CKD patients and MHD dialysis patients and that supplemen-
tation can replete stores to normal values and increase glutathione peroxidase activity.  

    Zinc 

 Action: Zinc is a cofactor for dozens of enzymes that facilitate the synthesis of large numbers of pro-
teins as well as other compounds. Zinc is a necessary building block for hundreds of proteins. Its 
function includes catalysis, regulation, and structural activities. The DRI for zinc is 8 mg/day for 
women and 11 mg/day for men. Zinc is found in foods with higher protein contents such as beef, liver, 
and poultry and also whole grains. 

  Zinc and CKD : Piper [ 79 ] suggested that zinc supplementation may be necessary for patients fed very 
low-protein diets. However, Smythe et al. [ 73 ] found no signifi cant difference in tissue concentrations 
of zinc between healthy controls and CKD patients. In contrast, McGregor [ 80 ] found decreased 
plasma zinc concentrations in CKD. Yilmaz [ 62 ] found a stepwise reduction in erythrocyte zinc levels 
with advancing stages of CKD.   

    Summary 

 Knowledge of vitamin and mineral requirements for patients with CKD remains incomplete. Given 
the data reviewed in this article, it would seem reasonable to state that many patients with CKD may 
be at risk for altered vitamin and mineral status. This may be particularly true for stage 4 and 5 CKD 
patients and MHD and CPD patients. Observational trials describing micronutrient status, dose–
response pharmacological trials, and fi nally double-blind, randomized prospective clinical trials test-
ing the effect of supplements with vitamins and trace elements need to be conducted before 
nutrient-specifi c recommendations for CKD patients can be generated with confi dence. As suggested 
above, much work needs to be done to ascertain the suffi ciently accurate and sensitive methods for 
determining nutritional adequacy for these nutrients. Until such time, micronutrient status, especially 
in those patients receiving low- or very low-protein diets, should be given careful consideration. 
Dietary, physical, and biochemical assessments should be routinely conducted in CKD patients as 
they approach stages 3 and below to ensure optimal nutritional care.     
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            Key Points 

•     Dietary adherence is a key component for successful treatment of chronic kidney disease (CKD).  
•   A patient’s lifestyle, attitudes towards disease, socioeconomic status, culture, and social support 

may impact dietary adherence.  
•   Strategies for achieving dietary adherence in patients with CKD will be reviewed in this chapter.     
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    Introduction 

 Medical nutrition therapy (MNT) is an integral component for successful treatment outcomes in patients 
with chronic kidney disease (CKD). Treatment requires adherence to a complex dietary prescription that 
changes throughout the stages of kidney disease. A number of factors (positive and negative) may infl u-
ence a patient’s ability to follow the recommended diet prescription. Factors that may improve adher-
ence include social support from family and/or caregivers and the health practitioner’s knowledge of the 
patient’s culture, food habits, beliefs, and practices. On the other hand, inhibitors of dietary adherence 
include the patient’s lifestyle, attitude towards the disease, socioeconomic status, and cultural barriers. 
The health-care practitioner needs to understand these factors that may infl uence dietary adherence. 
This chapter will present strategies for achieving dietary adherence in patients with CKD.  

    Defi nitions 

 The terms adherence and compliance are often used interchangeably. Adherence is the extent to which 
a person’s behavior (e.g., taking medications, following a diet, and/or executing lifestyle changes) 
corresponds with agreed or prescribed recommendations from a health-care provider. Compliance 
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suggests that the patient is passively following the practitioner’s instructions and that the treatment 
plan is not based on a contract established between the patient and the practitioner [ 1 ]. The primary 
difference between the two terms is that adherence requires the patient’s agreement with the recom-
mendations, since the patient and/or family member is an active collaborator with the practitioner in 
the treatment process. To the contrary, compliance entails obedience to a directive (e.g., “take this 
medication three times a day”) [ 2 ]. The term adherence will be used throughout this chapter since 
patients should be active participants in their health care. 

 Adherence is the single most important modifi able factor that compromises treatment out-
come. It is also a primary determinant of the effectiveness of treatment because poor adherence 
attenuates optimum clinical benefi t [ 3 ,  4 ]. The best treatment can be rendered ineffective by poor 
adherence [ 2 ].  

    Dietary Adherence 

 Adherence to the diet prescription is critical for successful management of CKD. Poor dietary adher-
ence places patients at risk for complications such as fl uid overload, hyperkalemia, hyperphosphate-
mia, and malnutrition. It can also complicate the patient-practitioner relationship and prevent an 
accurate assessment of the quality of care provided. In addition, patients with CKD usually have 
multiple comorbidities such as diabetes and cardiovascular disease, which can make their treatment 
regimen more complex and increase the likelihood of poor treatment outcomes [ 2 ]. For example, a 
dietary regimen such as the renal diabetes diet is more likely to be poorly adhered to because of the 
complexity of the diet. 

 Poor adherence wastes health-care resources, it increases health-care expenditures, it jeopardizes 
patient care, and it increases morbidity and mortality risk [ 5 ]. Poor adherence to a dietary regimen 
usually goes undetected by health-care providers unless self-reported by the patient or until laboratory 
tests are obtained and reviewed. However, the latter monitor usually refl ects recent behavior [ 6 ]. 
Nonadherence can confuse the clinical picture and diagnostic process and may contribute to unneces-
sary testing and procedures, resulting in inappropriate regimen changes such as an increase in phos-
phate binders or changes in the dialysis prescription.  

    Factors Affecting Dietary Adherence 

 Adherence is a multidimensional phenomenon determined by the interaction of several factors (see 
Table  25.1 ). Health-care practitioners must understand how these factors infl uence adherence in order 
to develop strategies that incorporate them in the education process.

      Social and Economic Factors 

 Some of the social and economic factors that affect adherence include poverty, illiteracy, a low level of 
education, unemployment, a lack of effective social support networks, unstable living conditions, travel-
ing a long distance to and from the treatment center, the high cost of transportation to the dialysis unit, the 
high cost of medication(s), cultural and lay beliefs about illness and treatment, and family dysfunction. 

J.D. Burrowes



407

Patient and family characteristics constitute additional sets of social factors that infl uence adherence. 
In fact, the attitude and support of the family are possibly the most important motivators for positive 
adherence [ 2 ]. Therefore, family members and/or signifi cant others should be encouraged to attend 
nutrition counseling sessions with the patient to learn more about their condition and its 
treatment.  

    Health-Care Team and System-Related Factors 

 Little research has been conducted on the effects of the health-care team and the effect of system- 
related factors on adherence. A good patient-practitioner relationship may improve adherence; 
however, there are many factors that have a negative effect on adherence. These include a lack of 
knowledge and training for health-care practitioners on managing chronic diseases, overworked 
practitioners, lack of feedback on performance, short consultations, and lack of knowledge about 
adherence and effective interventions for improvement [ 2 ]. Failure on the part of the health-care 
practitioner to follow up with the patient about nonadherence when detected may enhance the nega-
tive behavior [ 7 ].  

   Table 25.1    Barriers affecting dietary adherence to medical nutrition therapy for the control of chronic kidney disease 
and strategies to improve adherence   

 Barriers affecting dietary adherence  Strategies to improve adherence 

 Social and economic  Assessment of social needs including shopping and meal preparation 
 Family preparedness 

 Health-care team and system-related  Multidisciplinary care 
 Improve patient/caregiver-practitioner relationship 
 Training of health professionals on adherence 
 Identifi cation of the treatment goals and development of strategies to meet them 
 Continuing education for health professionals about the disease 
 Continuous monitoring and reassessment of treatment 
 Nonjudgmental attitude and assistance 
 Training in communication skills for health-care providers 
 Reinforce desirable behavior 
 Emphasize the value of the diet and the effect of adherence 

 Condition-related  Education on proper use of medications (e.g., phosphate binders) 
 More in-depth nutrition education 

 Therapy-related  Simplifi cation of treatment regimens 
 Education on proper use of medications (e.g., phosphate binders) 
 Improve patient/caregiver-health-care provider relationship 

 Patient-related  Provide behavior modifi cation techniques 
 Improve patient/caregiver-health-care provider relationship, considering the 

patient’s beliefs and social and cultural norms 
 Self-management of disease and treatment 
 Assessment of psychological needs 
 Motivate patients to comply 
 Increase patient’s knowledge about treatment regimen 
 Reduce the complexity of the diet regimen 
 Provide easy-to-read, simple education materials tailored for the patient 
 Provide patient-centered education 

25 Issues Affecting Dietary Adherence
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    Condition-Related Factors 

 Illness-related demands faced by the patient such as the severity of symptoms, level of disability (e.g., 
physical, psychological, social, and vocational), rate of progression and severity of the disease, and 
the availability of effective treatment are examples of condition-related factors. The impact of these 
factors on adherence depends on how they infl uence the patients’ risk perception, the importance of 
following the treatment, and the priority placed on adherence [ 2 ].  

    Therapy-Related Factors 

 Therapy-related factors that affect adherence include the complexity of the medical regimen, the 
duration of treatment, previous treatment failures, frequent changes in the treatment prescription, 
immediate benefi cial effects, negative side effects, and the availability of the health-care practitioner 
to manage the side effects [ 2 ]. A patient’s ability to carry out the regimen as prescribed depends on 
the complexity of the regimen and the support systems available to assist the patient [ 6 ]. 

 Dietary adherence is best achieved when the initial regimen is simple, with complexities intro-
duced gradually. For example, nutrition education about the renal diet can begin with limiting high- 
potassium foods, whereas a more complex regimen may be educating the patient about the renal diet 
exchange system. Furthermore, practical social diffi culties such as not being able to coordinate the 
timing of phosphate binders with meals may also jeopardize adherence. Continuous reassurance by 
the practitioner may promote increased adherence when (and if) challenges arise.  

    Patient-Related Factors 

 The patient’s knowledge, attitudes, beliefs, perceptions, and expectations represent patient-related 
factors that affect adherence. Knowledge and beliefs about the illness, motivation to manage it, confi -
dence (self-effi cacy) in the ability to engage in illness-management behaviors, and expectations 
regarding the outcome of treatment and the consequences of poor adherence infl uence behavior [ 2 ]. 
A patient’s motivation to adhere to a prescribed treatment regimen is infl uenced by the value that he 
or she places on following the regimen (cost-benefi t ratio) and the degree of confi dence in being able 
to follow it [ 8 ]. Long-term and particularly lifetime regimens that require repeated daily behavior 
such as adhering to the renal diet requires commitment.   

    Behavior Change Models 

 Learning new, complex patterns of behavior normally requires modifying many of the small behaviors 
that compose an overall complex behavior. Some behavior change models have many similarities (i.e., 
they address how individual factors such as knowledge, attitudes, beliefs, prior experience, and per-
sonality infl uence behavioral choices). These include the health belief model, the theory of reasoned 
action/theory of planned behavior, and the transtheoretical model of behavioral change/the stages of 
change model (see Table  25.2 ). Each model implies that patients make rational decisions regarding 
future events and, given the appropriate skills, they can establish goals and modify or regulate behav-
ior to achieve these goals [ 9 ]. However, counseling patients based on the stages of change model 
appears to be effective because the focus of the counseling session depends on where the patient is in 
the stage of change.
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      Stages of Change 

 Identifying the patient’s readiness to make dietary changes is useful when planning interventions. The 
transtheoretical model of behavioral change is the dominant theoretical foundation for behavioral 
interventions. It suggests that behavioral change is a process that occurs gradually, although it is not 
a linear process. This model requires many trials of the new behavior, moving back and forth through 
a series of fairly predictable stages (i.e., from precontemplation [not considering change], to motiva-
tion to change [contemplation], before making a commitment to change [preparation], actually mak-
ing the change [action], and working to prevent relapse [maintenance]). Relapse is a common 
occurrence, and it is part of the normal process of working towards lifelong change (see Table  25.3 ) 
[ 10 ]. Each patient’s readiness to change must be assessed continuously and nutrition counseling 
should be tailored according to the patient’s stage of change.

        Strategies for Achieving Dietary Adherence 

 Strategies to improve dietary adherence fi t into one of three categories: educational, behavioral, and 
organizational [ 11 – 13 ]. Effective nutrition education is the fi rst step in achieving dietary change. 
Education regarding the nutrition management of CKD should raise the patient’s level of adherence 
to an acceptable level, but probably not to a desired level. Nutrition education is better than no inter-
vention, but it is not suffi cient to raise dietary adherence to the desired level [ 14 ]. 

 Educational strategies rely on the transmission and dissemination of information and instructions 
with or without motivational appeal, with the intermediate objective of affecting a patient’s knowl-
edge and attitudes [ 15 ]. Innovative educational activities such as the use of interactive games and 
videotapes should be used. Nutrition information should be sensitive to the personal characteristics of 
the patient, including attitudes, cultural norms, beliefs, and reading skills [ 16 ]. However, education 
alone is usually not suffi cient to achieve long-term dietary adherence and sustain behavioral change. 

   Table 25.2    Behavior change models and theories that address how individual factors such as knowledge, attitudes, 
beliefs, prior experience, and personality infl uence behavior choices   

 Theory/model  Focus  Key concepts 

 Health belief model  Peoples’ perceptions of the threat of a health 
problem and appraisal of behavior recom-
mended to prevent or manage a problem 

 Perceived susceptibility 
 Perceived severity 
 Perceived benefi ts of action 
 Perceived barriers to action 
 Cues to action 
 Self-effi cacy 

 Theory of planned behavior  People are rational beings whose intention to 
perform a behavior strongly relates to its actual 
performance through beliefs, attitudes, 
subjective norms, and perceived behavioral 
control 

 Behavioral intention 
 Subjective norms 
 Attitude towards behavior 
 Perceived behavioral 

control 
 Social norm 

 Stages of change/transtheoretical 
model 

 Readiness to change or attempt to change a health 
behavior varies among and within individuals 
over time 

 Precontemplation 
 Contemplation 
 Preparation 
 Action 
 Maintenance 
 Relapse 
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 Behavioral strategies are procedures that attempt to infl uence specifi c nonadherent behaviors 
directly through the use of techniques such as reminders, tailoring, contracting, self-monitoring, rein-
forcement, and family/peer support, but with information and instruction playing a secondary role [ 11 ]. 
However, behavioral strategies fail to maintain consistent change in the long term [ 12 ]. 

 Lastly, organizational strategies focus primarily on the convenience of the dialysis unit and on the 
utilization of personnel for fostering dietary adherence [ 13 ]. Organizational change can prevent or 
reduce adherence problems, often without the need for altering the practitioner’s workloads or increas-
ing budgets. Examples include making special appointments at odd hours or telephoning patients at 
home with abnormal lab results.  

   Table 25.3    Stages of change model and implications for nutritional counseling   

 Stage of change  Patient characteristics  Implications for nutritional counseling 

 Precontemplation  Not intending to take action in the 
foreseeable future (up to 6 months) 

 Often characterized as lacking control 
 Denial or resignation is common 
 Not yet convinced of seriousness of 

condition 

 Relationship building is key 
 Educate about the underlying disease process 
 Put minimal emphasis on specifi c dietary changes 
 Focus on overcoming individual barriers 

 Contemplation  Considering advantages and disadvan-
tages of changing behavior 

 Apprehensive about behavior change 
because it may have failed in the 
past 

 Not ready to commit to making a 
change 

 Educate about the long-term complications of disease, 
the role of diet in medical management, and 
expected benefi ts 

 Begin to establish a timeline for change 

 Preparation  Ready to change behavior (within 
the next 2 weeks) 

 Need assistance with problem- solving 
and social support 

 Taking tentative steps to change 
behavior 

 Provide initial simplifi ed diet instruction 
 Begin to set goals and encourage self-management/

self-monitoring behaviors 
 Reinforce initial successful behavioral changes 
 Build self-effi cacy 

 Action  Taking signifi cant steps to change 
behavior 

 Use progressive nutrition education to develop 
self-management skills 

 Offer continued reinforcement for successful 
incorporation of new behaviors into the individual’s 
lifestyle 

 Develop goal-setting and self-monitoring skills 
 Maintenance  Incorporating new behaviors into 

lifestyle and sustaining them 
 Maintenance change in behavior 

 Develop self-management and coping skills 
 Develop skills for managing diet in new/diffi cult 

social situations 
 Build self-management, goal-setting, and monitoring 

skills 
 Relapse  Experiencing a normal part of the 

process of change 
 Usually feels demoralized 

 Reinforce self-management skills and develop social 
supports 

 Address factors associated with relapse 
 Build self-effi cacy and self-monitoring skills 
 Emphasize what can be learned from relapse versus 

focusing on failure 
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    Summary 

 Dietary adherence is a critical component for successful management of CKD. Several factors can 
inhibit or improve dietary adherence. Educational, behavioral, and organizational strategies may also 
improve adherence. Dietitians who educate patients with CKD and/or their family members need to 
be aware of these factors and the strategies that may improve or inhibit adherence.     
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    Introduction 

 The prevalence of chronic kidney disease (CKD) has been rising over the past 2 decades and currently 
affl icts more than 20 million Americans over the age of 20 years [ 1 ]. In 2007, there were approximately 
110,000 adults in the United States who began treatment for end-stage renal disease (ESRD), with 
more than 570,000 receiving treatment for ESRD in 2008 [ 2 ,  3 ]. Unfortunately, patients with CKD are 
16–40 times more likely to die before they reach ESRD [ 1 ]. In addition to the obvious physical detri-
ments associated with CKD, patients also experience psychosocial detriments that infl uence how they 
view the dietary restrictions of the renal diet and their personal motivation aimed at self-care efforts 
[ 4 – 6 ]. Complicating life further for people with CKD are the psychological and social burdens that 
ripple towards the patient’s expanded circle of family and friends, thereby creating a negative impact 
on an even greater number of individuals. These burdens undoubtedly infl uence the high prevalence of 
depression seen in patients with CKD, which is reported to be up to 30 % of CKD patients [ 7 – 9 ]. 

    Chapter 26   
 Counseling Approaches 
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 Key Points 

•     Patients with chronic kidney disease (CKD) experience several psychosocial detriments that may 
interfere with their readiness to make dietary and lifestyle changes.  

•   To achieve the best outcome, patients with CKD should receive nutritional counseling in a sup-
portive and engaging environment that focuses on empowerment and in increasing self-effi cacy in 
managing food choices.  

•   It is essential that dietitians who counsel patients consider the stage of change each patient is in 
according to the Transtheoretical Model and provide nutrition counseling accordingly.  

•   Cognitive behavioral therapy and motivational interviewing have shown promise in promoting 
dietary adherence in patients who are prescribed dietary restrictions in the treatment of CKD.    
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 Research supports that the transition from CKD to ESRD may be slowed through dietary and lifestyle 
choices. In addition, individuals with ESRD may improve their longevity and quality of life by follow-
ing an appropriate dietary protocol [ 10 – 13 ]. However, adherence to dietary restrictions in this popula-
tion is low [ 9 ]. Researchers performed qualitative interviews with 16 patients receiving maintenance 
hemodialysis that led to the development and distribution of a survey to 156 similar patients. The results 
of this qualitative and quantitative study revealed that very few patients perceived any immediate posi-
tive effects from following their dietary restrictions. The researchers believe this may be one reason 
for poor dietary adherence [ 5 ]. Clearly, there is a need for dietitians to guide patients with CKD to a 
better understanding about the infl uence of appropriate diet and lifestyle choices, as well as a need to 
confer a sense of empowerment to the patient with CKD. 

 It is essential that dietitians use effective strategies during nutrition counseling sessions to improve 
outcomes. Nutrition counseling approaches in the past have often involved education-based, expert- 
centered guidance. More recently, patient-centered counseling approaches that focus on empowerment 
and shared decision-making have emerged and have shown improved patient outcomes [ 5 ,  14 ,  15 ]. 
The recommendation to use collaborative management in counseling patients with chronic illnesses 
has been suggested for over a decade [ 16 ]. However, implementing the theories of patient- centered, 
jointly owned planning in nutrition counseling has taken time to develop. Currently, there is an exten-
sive toolbox to draw upon to enhance counseling that promotes behavior change and improvement in 
health outcomes. 

 The use of the Transtheoretical Model (TTM) in guiding dietitians in identifying the stage of 
change each patient is in has become a practical tool to use during the counseling process. Cognitive 
behavioral therapy (CBT) and motivational interviewing (MI) have also emerged as effi cacious 
models to employ in promoting change in patient’s food and lifestyle behaviors [ 5 ,  17 ,  18 ]. This chap-
ter will review techniques and strategies inherent in several models that can be used by dietitians 
while counseling patients with CKD to achieve increased dietary adherence, ultimately resulting in 
improved health outcomes, quality of life, and longevity.  

    The Transtheoretical Model 

 The onset of kidney disease does not wait for a patient to be ready to accept the diagnosis. Patients are 
often in need of guidance about changes in health and food behaviors that need to be taken even 
though they are not ready physically, psychologically, or emotionally to take action. Dietary nonad-
herence has been associated with incorrect matching of the proper counseling techniques with the 
stage of change the patient is in based on the principles of the TTM. If a patient arrives for guidance 
and is not ready to take action, and the counseling session amounts to a laundry list of what to do and 
what to eat, the likelihood of progress will be poor [ 19 ]. Patients often seeking help arrive at the dieti-
tian’s offi ce or at the hemodialysis unit at different stages of readiness to change. 

 The TTM was fi rst created by Prochaska et al., and although it has received some criticism, the 
theory has revolutionized the way dietitians approach patient counseling. A review of the TTM and 
examples of application of the model has been outlined in Chap.   25    . The essential elements of the 
TTM are basic to any discussion about behavior change. Briefl y, the TTM is comprised of six stages: 
pre-contemplation, contemplation, preparation, action, maintenance, and relapse. This model was 
fi rst devised to address smoking cessation, and it has since been shown to be very effective in promot-
ing behavior change. The aim of the TTM is to match counseling strategies with the patient’s stage of 
readiness, with the ultimate goal of forward progression [ 19 ]. 

 Patients in pre-contemplation do not see a link between their behaviors and health outcomes or 
negative consequences, and they are often reported as being in denial of the link between actions and 
health consequences. Patients in the contemplation stage report an association between their 
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behaviors and a negative consequence, but they cannot see how they can make the necessary changes 
to reap the benefi ts of change. Patients in the stages of pre-contemplation and contemplation are not 
ready to take action and make necessary changes. In the preparation stage, patients are cognizant of 
the need to make changes and they are ready to plan to make changes in food and health-related 
behaviors, usually within the next month. Patients in the action phase of the TTM are ready to take 
action immediately, or they are currently taking action to incorporate the changes needed to make 
lifestyle and/or dietary changes. During maintenance, patients focus on cementing the changes incor-
porated, and they maintain focus on all the behaviors implemented during the action phase. Finally, 
relapse occurs when a patient reverts back to his or her old, detrimental habits instead of moving 
forward or stabilizing in the maintenance phase. Research reports that the majority of patients who 
need to make dietary changes arrive for professional guidance while in either the pre-contemplation 
or contemplation stage [ 19 ,  20 ]. 

 People who misunderstand the model assume that progress can only be made during the action 
phase. However, at each stage in the TTM, substantial progress can be made. Changes in thoughts and 
readiness to act are dynamic processes that include progress and regression. The role of the dietitian 
is to identify the stage the client is in, to work with strategies that are stage appropriate, and to guide 
the patient forward towards the next stage. In addition, the dietitian needs to work with the patient 
towards avoiding regression (or relapse). However, if relapse occurs, the dietitian should plan coun-
seling techniques geared towards recovery and movement forward towards the next stage of readiness. 
The following sections review several strategies useful in guiding patients in a forward motion and in 
cementing new behaviors. In addition, there are several questions that can be posed to patients that 
allow for their inner thoughts and concerns to be heard.  

    Inquiries and Responding to Patients 

 During counseling sessions, dietitians can formulate several types of questions and responses to 
patients’ comments that can infl uence the outcome of the session. Constructing questions and 
responses that allows for in-depth discussions can help to guide patients to a better understanding of 
potential obstacles that may interfere with meeting food-related behavior goals. In a rushed environ-
ment, dietitians may resort to formulating their questions based solely on obtaining facts about the 
patient in order to complete the nutrition assessment, and he or she may avoid questions that focus on 
exploring the patient’s thoughts and concerns [ 20 ]. See Table  26.1  for examples of the different types 
of questions often used in nutrition counseling.

      Closed-Ended Questions 

 Closed-ended questions are often formed to elicit a one-word response from the patient, and there 
may be times when it is appropriate to use closed-ended questions when speaking with a patient. For 
example, when time is limited and a patient needs information quickly, it may be appropriate to ask, 
“Do you need a list of potassium-rich foods to avoid before you leave the unit today?” However, 
closed-ended questions that are general in nature should be avoided during counseling such as “Are 
you following your renal diet?” or “Are you taking all of your medications?” 

 There are several problems inherent in using too many closed-ended questions during a counseling 
session. For example, patients will not have the opportunity to express concerns and ambivalence or 
explore misunderstandings when closed-ended questions are posed. In addition, these types of ques-
tions may lead the patient to believe that the dietitian is disinterested in exploring issues that might be 
of concern [ 20 ].  
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    Leading Questions 

 Leading questions implicitly express the dietitian’s bias, and using this form of questioning will inter-
fere with understanding what the patient is thinking and wants to share with the dietitian. When a 
patient is posed a leading question that infers professional bias, the patient may feel too embarrassed 
to respond honestly. Instead, the patient may answer the question to please the dietitian rather than 
express true feelings and opinions. Consider the following two versions of a question inquiring about 
daily food intake: (1) “Can you tell me what you ate for breakfast today?” or (2) “Can you tell me 
about the foods and beverages you ate after waking up this morning?” The fi rst version of the question 
assumes that the patient eats breakfast, and this may not be true. The patient may be ashamed to admit 
that he or she skips breakfast and does not eat until lunchtime. In the second version the patient is 
asked to report on the fi rst foods eaten upon waking. Asking the question in this way is more likely to 
result in an honest response. Knowing that the patient skips breakfast is an important piece of dietary 
information and allows the dietitian to address this food behavior once it is revealed. Leading ques-
tions can interfere with an honest dialogue between the patient and the dietitian and should be avoided 
during nutrition counseling [ 20 ].  

    Open-Ended Questions 

 Open-ended questions have the greatest potential to promote collaboration and dynamic interviewing. 
These types of questions will open the door for the patient to express his or her thoughts, cognitions, 
fears, and concerns. It is under these circumstances that the dietitian can explore concerns with the 
patient and make substantial progress towards behavior change. Of course, the dietitian needs to be 
ready for a variety of responses—expected and unexpected. Therefore, using open-ended questioning 
when time does not permit an appropriate response or discussion from the dietitian can serve to be 

   Table 26.1    Types of questions typically used during counseling   

 Type  Question  Comment 

 Closed- ended   “Do you avoid phosphorus-rich 
foods?” 

 Response from patient will offer very little insight into his/
her actions and thoughts 

 “Do you have a problem following 
your prescribed diet?” 

 The patient may feel disinterested or demoralized and not 
want to explore this topic. The question offers the patient 
the opportunity to just respond “No.” Will not offer any 
insight 

 Leading  “Which phosphorus-rich foods do you 
avoid?” 

 Assumes patient is avoiding phosphorus-rich foods. Likely 
to result in an answer the patient thinks the dietitian 
wants to hear. Will not offer insights into patient’s 
cognitions 

 “What do you like about your new 
diet?” 

 The question makes the assumption that the patient has 
things about the diet that he or she likes. It does not 
allow the patient to express any dislike for the diet as the 
question  leads  the patient to address what is liked 

 Open- ended   “Can you tell me about the types of 
foods and beverages you usually 
eat on most days?” 

 No assumptions are embedded in the question. Creates the 
foundation for an honest conversation about current 
dietary intake 

 “Can you share with me any diffi cul-
ties you might be experiencing 
while following your renal diet?” 

 Offers a platform for an open dialogue for the patient. Offers 
the patient an opportunity to share his/her inner thoughts 
and concerns regarding the diet 
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detrimental to the counseling process. The dietitian should ask primarily open-ended questions and a 
suffi cient amount of time should be given to the patient to express his or her concerns, as well as to 
promote an open dialogue. 

 Using open-ended questions also serves to promote in-depth discussions about diet and behavior 
change with those patients who are less likely, for a variety of reasons, to share their concerns [ 20 ]. 
Asking a patient “Can you please tell me how you are managing or coping with your new renal diet?” 
will open the door for an important discussion regarding all the factors surrounding eating a limited 
diet. One way to gauge if a dietitian is using enough open-ended questions is to estimate the percent-
age of time during the counseling session that the patient is talking and compare this to how much 
time the dietitian is talking. Sessions that provide in-depth discussions with favorable outcomes result 
from the patient doing most of the talking.  

    Respond Using Refl ective Listening 

 Refl ective listening is a powerful communication technique that allows for clarifi cation of messages 
sent and communicates to the patient that the dietitian is fully engaged and listening. The goal of this 
type of questioning is to refl ect back to the patient what the dietitian believes he or she has heard the 
patient say. This serves to confi rm messages received from the patient and to clarify their meaning, 
either stated or implied. Refl ective listening can be simple refl ections that constitute restating what 
has been said with little interpretation, or it can include interpretation of the feeling the dietitian 
believes is embedded in the patient’s statement. More in-depth forms of refl ective listening include 
amplifi ed refl ections that include the emotional feeling sensed by the dietitian, double-sided refl ec-
tions that reveal the perceived ambivalence sensed, and reframing refl ections that involves reframing 
the patient’s statement to help him or her think differently about the situation. Refl ective listening 
signals to patients that the dietitian is listening and understands and accepts their thoughts and con-
cerns. In addition, it helps to generate discussions that will develop self-awareness about any ambiva-
lence the patient may feel regarding the food and lifestyle changes recommended [ 21 ]. See Table  26.2  
for examples of different types of refl ective listening.

    Table 26.2    Responding to the patient’s concerns using refl ective listening*    

 Type of refl ective listening  The nutrition professional may respond 

 Simple refl ection  “What I hear you saying is that you do not believe that you can lower your 
potassium”  • Restating what is said, but changing 

the wording 
 Amplifi ed refl ection  “What I think I hear you saying is that you would like to be able to reduce 

your potassium, but you are feeling concerned and frustrated that you 
have not been able to achieve that as yet” 

 • Refl ecting emotional overtones 

 Two-sided refl ection  “So, on the one hand you know it’s important to maintain a lower serum 
potassium, but you are struggling to fi nd a way to make that happen”  • Revealing both sides of the patient’s 

ambivalence 
 Reframing refl ection  “I can hear your sense of frustration in trying to follow a diet to lower 

your serum potassium, and I wonder if you’ve considered looking into 
getting some support to help you with this task” 

 • Reframing to help the patient think 
differently about the situation 

  *The patient will say, “I know how important it is to lower the amount of potassium in my blood, but I can’t seem to do 
it. I try, but it just isn’t working. I can’t do it!”  
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        Social Learning Theory and Self-Effi cacy 

 The social learning theory proposed by Bandura [ 22 ] informs us that patients can learn within a social 
context by observing and modeling others [ 23 ]. Bandura has outlined four components that will 
increase the likelihood that one will learn the modeled behavior; these include attention, retention 
(remembering), reproduction (ability to imitate the behavior), and motivation (having a good reason 
to want to adopt the behavior) [ 23 ]. Application of the social learning theory during nutrition counsel-
ing might include the use of successful patient testimonials or demonstrations to help promote behav-
ior change through modeling [ 17 ]. 

 Bandura stresses the need to increase self-effi cacy to promote behavior change [ 20 ,  22 ]. Self- 
effi cacy is described as one’s belief or confi dence in being able to carry out a task [ 20 ]. Support for 
the use of social learning strategies to promote nutrition behavior change has not yet been strongly 
supported in research [ 17 ]. However, self-effi cacy has been positively and strongly associated with 
several health indicators including improved blood glucose control, fewer depressive symptoms, and 
better quality of life in patients with chronic illness [ 24 ,  25 ]. Strategies aimed at improving self- 
effi cacy in CKD patients are recommended. Self-effi cacy can be infl uenced through a patient’s 
physiological state, verbal persuasion received, vicarious experiences, and personal performance 
accomplishments [ 22 ]. Physiological states including discomfort, anxiety, and fear can detrimentally 
impact a patient’s sense of self-effi cacy. Positive verbal persuasion received from the dietitian will 
serve to promote a patient’s self-effi cacy. Similarly, patient group support meetings that include 
patients who adhere to the renal diet and who are doing well will serve as role models to others. 
However, the most effective way to improve self-effi cacy is through performance accomplishments 
because it is based on personal mastery experiences [ 20 ,  22 ]. Therefore, helping patients with CKD 
set small, achievable goals will go a long way in improving self-effi cacy through promoting a sense 
of personal performance accomplishment.  

    Behavior Modifi cation and Cognitive Behavioral Therapy 

 The basic tenets of behavior modifi cation include the belief that behavior is infl uenced by the environ-
ment, and within that environment behavior is driven by a series of positive and negative conse-
quences [ 20 ]. Food-related habits are formed by associated habits that are cemented over time. For 
example, the worker who comes home every night and eats dinner in front of the television is very 
likely to get hungry whenever he or she sits down to watch television. In this scenario, watching tele-
vision becomes the unconditioned stimulus that will prompt eating, even in the absence of hunger. 
Behavior modifi cation theory states that healthy behaviors can also be learned or conditioned/rein-
forced (rewarded). 

 Behavioral theory and CBT interventions have the longest history in nutrition counseling and have 
been tested with the most frequency. These interventions are also referred to as behavior or lifestyle 
modifi cation [ 17 ]. However, it is noteworthy that CBT focuses on promoting behavior change through 
modifying the patient’s external factors (the environment) and internal factors (thoughts or cogni-
tions). There is strong evidence supporting the use of behavior modifi cation techniques to improve 
patient outcomes in changing food and lifestyle behaviors [ 17 ,  26 ]. Several strategies have been used 
to help guide patients towards positive change during behavior modifi cation sessions. These include 
self-monitoring, social support, stress management, stimulus control, problem-solving, and reward 
strategies [ 17 ,  20 ]. See Table  26.3  for strategies to use to promote behavior change during nutrition 
counseling using the principles of CBT.
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      Cognitions 

 Cognitions are created through the processes of knowing through memory, remembering and process-
ing information [ 26 ]. They can be positive or negative in nature. Cognitions prompt self-talk that can 
move a patient forward or hold him or her back from trying something new. An example of positive 
self-talk emerges from a positive cognition and is displayed by saying to oneself “I am strong enough 
to do this.” On the contrary saying “I knew I couldn’t follow this new diet plan because I have no 
willpower” is an example of negative self-talk generated from negative cognitions. Cognitions are 
infl uenced by one’s childhood and prior experiences [ 20 ]. In fact, cognitions about circumstances and 
life choices are very powerful in driving behavior. Encouraging positive cognitions and positive self- 
talk is fundamental to CBT [ 20 ,  26 ].  

    Cognitive Distortions 

 Cognitive distortions are negative and detrimental to personal growth and progress towards behavior 
change. They promote negative self-talk and hold patients back from making progress. A patient who 
is struggling to manage his or her renal diet may eat the wrong foods one day and feel discouraged 
and report, “I’m an idiot; I know what to eat and yet I made all the wrong choices.” Self-talk that 

    Table 26.3    Behavioral strategies useful in counseling that use the principles of cognitive behavioral therapy   

 Strategy  Purpose  Example 

 Self-monitoring  To track food, behaviors, thoughts, 
or physical activity for patient 
self-revelation 

 Maintain a food log and/or a log of adherence to 
medication schedule 

 Maintain a log of daily fl uid intake 
 Maintain a log of feelings associated with eating 

 Social support  To offer emotional support to the patient  Have a family member or friend join the patient 
during a counseling session to enhance 
understanding 

 Offer/direct patient to group support meetings 
 Stress management  To target and reduce environmental stress  Use of relaxation techniques such as deep 

breathing or yoga to help to reduce stress 
 Encourage hobbies that the patient fi nds 

enjoyable 
 Stimulus control  To reduce social or environmental cues 

that trigger undesirable behavior 
 Have the patient limit sodium intake to help 

reduce the desire to drink fl uids 
 Remove high-potassium fruits and vegetables 

from the home 
 Problem-solving  To forecast trouble or handle current 

obstacles 
 Have the patient make a list of obstacles that he 

or she is experiencing 
 Have brainstorming sessions to plan ahead for 

challenging events, such as holiday and 
family parties 

 Weigh the pros and cons of options available to 
address potential problems 

 Rewards  To support and encourage helpful 
and newly created health behaviors 

 Patient rewards self with a new book when the 
goal of not eating high-potassium fruits is 
maintained for 1 month 

 Patient rewards self with an additional hour of 
reading time after going for a 30-min walk 
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involves  negative labeling  can create a lack of confi dence and reduce self-effi cacy resulting in a lack 
of progress and possible regression. 

 Another common cognitive distortion is  all or nothing thinking  and occurs when patients believe 
that one error in their plan means that their whole plan has been ruined and that they should not bother 
attempting to do anything right. When this happens, a patient may report, “I forgot to take my phos-
phate binders today so why bother trying to follow my diet. I might as well give up and eat what I 
want.” If a patient voices a cognitive distortion, the dietitian needs to help the patient understand how 
this thinking interferes with progress, is unproductive, and is an irrational way to handle mistakes. An 
effective way to address cognitive distortions is through cognitive restructuring [ 17 ,  20 ].  

    Cognitive Restructuring 

 Cognitive restructuring is a process whereby the dietitian enhances the patient’s awareness of his or 
her perceptions and reveals irrational (negative) cognitions held by the patient and helps to redirect 
(restructure) the thinking towards a rational (positive) cognition. In the process, patients are taught to 
turn negative self-talk into positive self-talk [ 17 ,  20 ]. For example, a patient who typically adheres to 
his or her diet states, “I am so dumb. I ate pizza for lunch and got so thirsty that I drank way too much 
fl uid. I drank so much that I had swelling in my legs all day yesterday. I am so stupid and I just feel 
so discouraged right now.” This represents an irrational thought. Just because the patient ate pizza and 
drank too much fl uid in 1 day does not make the patient dumb. This situation presents an opportunity 
for the dietitian to discuss with the patient that occasional missteps with dietary restrictions occur and 
they can be overcome. Using amplifi ed refl ective listening can help. The dietitian can respond, “I 
think I hear what you’re saying, and you are really angry and frustrated with yourself for the choices 
you made for lunch yesterday. And even though you usually make the right choices this one event is 
enough to worry you and make you feel discouraged about yourself. Did I get that right?” Hopefully 
framing the refl ective listening in this way can help the patient see that one poor choice will not undo 
all the hard work put into dietary adherence for the rest of the week. Now the discussion can continue 
with a focus on what the patient can do to use the information learned to avoid eating pizza in the 
future. The negative self-talk can change to positive self-talk by helping the patient verbalize how well 
he or she has done in the past with diet adherence and how he or she can be resilient following this 
event. After a few minutes of refl ective listening and use of open-ended questions, the patient may 
even end the session by saying “I guess I’m just human and not perfect. I know I can get back on track 
because I am strong and determined.” Hence, the irrational thought has been reconstructed into a 
rational thought and negative self-talk has been transformed into positive self-talk.  

    Goal Setting 

 Goal setting is an essential component of behavior modifi cation. Patients should be involved in setting 
their goals with the dietitian. This can be accomplished through setting SMART goals (specifi c, mea-
surable, achievable, realistic/relevant, and timed). They need to be clearly understood and manageable for 
the patient [ 27 ]. Patients who can achieve their goals are more likely to increase their self-effi cacy, so 
it is wise to help patients choose goals that are manageable [ 20 ]. For example, after a consultation 
with the patient, both parties agree that the patient will keep a food log for 3 days during the following 
week (1 weekend and 2 weekdays) and will record all foods and beverages consumed starting with the 
following Monday. This goal is specifi c, measurable, achievable, realistic/relevant, and timed, and 
both parties agree. Conversely, having the patient record all foods and beverages consumed every day 
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of the week starting when the patient feels up to it is a goal that is both unrealistic (every day is too 
often) and does not give the patient a specifi c start date to begin logging food intake.   

    Motivational Interviewing 

 The presence of an illness such as CKD is not enough to motivate all patients to incorporate behavior 
changes. Research supports that patients with CKD who adhere to dietary restrictions experience less 
medical complications and improved quality of life, and it can increase their life expectancy by 2 
decades or more [ 28 ]. However, studies report nonadherence with diet and/or fl uid restrictions in 
30–75 % of patients [ 28 ,  29 ]. Durose et al. [ 29 ] found no association between dietary knowledge and 
improved adherence. It is clear that providing nutrition information and guidance is not enough to 
motivate patients with CKD to adhere to their prescribed diet. Patients need to be motivated to make 
the lasting changes needed. 

 Motivation is a complex concept that is infl uenced by conscious and unconscious processes [ 30 ]. 
The philosophy and strategies inherent in the theory of motivational interviewing (MI) have become 
appealing to dietitians who are working to guide patients towards behavior change [ 31 ]. The concepts 
of MI were developed by Miller and Rollnick, working off the foundation of patient-centered counsel-
ing concepts that were fi rst introduced by Rodgers in 1951 [ 21 ]. MI techniques were fi rst applied to 
treat individuals with drug and alcohol addictions. More recently, MI has been used in many counsel-
ing settings where behavior change is the desired outcome. It is aimed at helping patients explore and 
resolve their personal struggles with ambivalence about behavior change [ 32 ]. 

 Rollnick et al. describe MI as a gentle approach to counseling. In stark contrast to lecturing, the 
patient becomes an active participant in the process. Over time the goal is to create “change talk.” 
During change talk the patient experiences a change in focus and reveals to himself or herself the 
reasons to make changes and will begin a self-dialogue that leads to motivation to take action. Four 
guiding principles are used while counseling patients to promote change talk; these principles are 
outlined using the acronym RULE [ 32 ].

    1.     R esist the righting refl ex 
 Dietitians are trained to help patients make the changes needed to stay healthy and improve their 
lives. However, while using MI, it is important to resist the urge to lead and to tell patients what the 
dietitian thinks is best for them to do. The dietitian should avoid arguing the case or trying to con-
vince the patient how important it is to make the necessary changes. When a patient is ambivalent 
about change, pushing harder can result in greater resistance towards efforts aimed at persuasion. 
This creates a tug of war between the dietitian and the patient, rather than a respectful, collabora-
tive effort. The goal is for the patient to experience change in beliefs and to convince himself or 
herself how important it is to make the necessary changes.   

   2.     U nderstand and explore the patient’s own motivations 
 The patient will respond strongly to his or her own thoughts and feelings. Helping a patient explore 
his or her reasons for wanting (or not wanting) to make dietary and lifestyle changes will result in 
progress. Amplifi ed refl ective listening and the use of open-ended questions during counseling will 
promote the exploration of the patient’s source of motivation.   

   3.     L isten with empathy 
 Patients will respond to thoughtful understanding. In addition to helping to establish rapport, 
shared understanding of the patient’s struggles and obstacles can be a prelude to change talk. 
Patients with CKD have many fears and struggles to manage on a daily basis. Using refl ective 
listening can amplify the message that the dietitian understands these burdens and is there to help 
the patient make changes, knowing the multitude of diffi culties the patient is facing.   

26 Counseling Approaches



422

   4.     E mpower the patient, encouraging hope and optimism 
 Exploring how patients can make a difference in their own lives and thereby offering empower-
ment can be very effective in making lasting changes. Outcomes are better when patients are 
actively involved in their own case. Patients ultimately become a consultant for the dietitian on 
how goals can best be met. The dietitian serves as a facilitator and encourages the patient to bring 
his or her expertise to the consultation.    

  To successfully execute the basic four tenets of the RULE philosophy of MI, it is suggested that 
dietitians use open questions, affi rmations, refl ections, and summaries (referred to as OARS). In addi-
tion to the use of open-ended questions and refl ective listening during counseling, the dietitian should 
highlight an individual’s strength using affi rmations to promote self-effi cacy. Telling a patient that 
“You’ve done a wonderful job in lowering your serum phosphorus since last month,”  or  “I can see 
how hard you are working on making the changes in your diet, and all your efforts are working,” will 
help the patient feel confi dent and empowered. Summaries provide opportunities for the dietitian to 
collect multiple change talk statements and link them together to create a fuller picture for the patient 
and also link discrepant statements that capture ambivalence. For example, the dietitian may say, 
“Mrs. Jones, I remember when you fi rst started on hemodialysis you said that you wanted to do every-
thing possible to be as healthy as possible, and you have been very successful in reaching your goal. 
However, it seems as if you have had diffi culty adhering to your diet these past few months. Can you 
share your thoughts about this with me?” [ 18 ]. 

 In a systematic review of 72 studies, MI was found to outperform traditional advice given in 80 % 
of the studies reviewed [ 33 ]. In addition, according to Spahn et al. [ 17 ], MI was found to be a highly 
effective counseling strategy for diet and lifestyle modifi cations. Most studies investigating the ben-
efi ts of MI were conducted on patients who were obese, had diabetes, or had cardiovascular disease. 
However, a recent study investigating the effi cacy of using MI techniques was done in 29 hemodialy-
sis patients [ 34 ]. The results revealed that MI delivered by the hemodialysis staff (i.e., registered 
dietitians, nurses, dialysis technicians, and social workers) resulted in improvements in dialysis atten-
dance and serum phosphorus and albumin levels. However, there was no effect noted on interdialytic 
weight gain. The study included few participants and was conducted for only 3 months. Regardless, 
the researchers were optimistic that this small study shows promise and that future research efforts 
conducted with a larger group of participants for longer periods of time may support the concept that 
MI is effi cacious in counseling patients with ESRD [ 34 ].  

    Special Considerations for Patients Receiving Hemodialysis 

 Providing nutrition counseling to patients receiving maintenance hemodialysis has both benefi ts to 
reap and diffi culties to combat. Patients are often dialyzed in a hemodialysis unit at specifi ed times, 
three times per week for extended periods. Therefore, there is ample opportunity for the dietitian to 
build a rapport with patients and to use this time to counsel them. However, most units do not offer 
privacy at the chair side and it can become quite noisy during counseling sessions. There may not be 
much that the dietitian can do to modify the setting, but closing a curtain and sitting in a chair or on a 
stool can help to make the session more private and personal. Moreover, sitting at the same eye level 
as the patient is desirable. It is useful to remember that the patient is immobilized by being connected 
to a dialysis machine for several hours. Under these circumstances, it is very important to consider the 
lack of power the patient has as he or she cannot get up and leave. The dietitian may stop by the 
patient’s treatment area to discuss dietary and medication adherence issues when it appears to be most 
convenient. However, this may not be the best time for the patient to discuss these issues. Checking in 
with the patient at treatment initiation and asking for permission to schedule an appointment later that 
day or at a subsequent session will express respect for the patient, and it will give the patient 
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decision- making power about when a counseling session can take place. Finally, if absolute privacy is 
needed, a time can be arranged to meet with the patient in a private area before or after treatment. 

 In addition, hemodialysis patients often have several components to their dietary restrictions. 
Addressing all components of the restriction at once can be overwhelming. Providing a focus on one 
component at a time and asking the patient to choose the component that he or she wants to discuss 
during that session (e.g., how to increase dietary intake of high-quality protein) may improve patient 
involvement and offer the patient the power of choice during the session [ 18 ]. These simple measures 
may go a long way in promoting positive, effective counseling sessions.  

    Future Directions 

 There are many psychological and social issues that are burdens for the patient with CKD. However, 
researchers have reported a lack of substantial research related to ESRD and psychology. There are 
far fewer studies investigating the psychological issues associated with ESRD than for cardiovascular 
disease or cancer. Researchers cite the relative lower prevalence of ESRD as one potential reason for 
the lack of data. Kaptein et al. [ 14 ] suggest six topics for researchers to explore based on the gaps they 
identifi ed in the current literature. These topics include:

    1.    Common sense model of illness, illness perceptions, and treatment perceptions   
   2.    Sexuality   
   3.    Suicide   
   4.    Qualitative methods   
   5.    Family support   
   6.    Self-management interventions    

  Hopefully this research agenda will drive forward our improved understanding of the challenges 
and concerns a patient with CKD experiences. A more informed dietitian will be better able to make 
strides in connecting with the patient with CKD and be more productive during counseling sessions.  

    Summary 

 The prevalence of CKD is rising and dietitians are best poised to offer important, perhaps lifesaving, 
guidance to patients. However, nonadherence with dietary recommendations is common. Patient- 
centered counseling techniques fundamental to CBT and motivational interviewing have been found 
to enhance patient outcomes for several chronic diseases, including CKD. Patients with CKD experi-
ence many psychosocial detriments and these burdens must be further explored to better understand 
how to meet the patient’s needs, as this improved understanding may enhance change talk and dietary 
adherence.  

    Case Study 

 Robert is a 52-year-old man who has had CKD for 3 years prior to starting hemodialysis. He has been 
receiving hemodialysis three times per week for the past 3 months. The social worker reports that 
Robert is single, lives alone, works full time in sales, and does not have a lot of friends or family 
members that live close by. Robert has been instructed on the diet for hemodialysis and he was friendly 
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during the fi rst few encounters with the dietitian, but he has not posed any questions. He politely 
answers the dietitian’s questions asked with a smile, but he seems a bit quiet. Last month Robert’s 
phosphorus level was elevated, and when the dietitian went by to speak with him, he said that he had 
forgotten his phosphate binders for a few days, but that he had them now and would take them as 
prescribed. While reviewing Robert’s most recent blood results, the dietitian found that his potassium 
and phosphorus were elevated and the nurse reported that he has been gaining too much fl uid weight 
in between treatments. The dietitian approached Robert to review his labs and pointed out that his 
levels of phosphorus and potassium were both elevated, as was his interdialytic weight gain. He 
responded, “I know, I know, I have not been able to get my act together yet, but I will get it done.”  

    Questions for Case Study 

     1.    What stage in the Transtheoretical Model do you believe Robert is in? State your reasons.   
   2.    What  types  of questions should you use to ask Robert about his usual dietary intake to get him 

talking? What  types  of questions do you believe would not work in helping the dietitian understand 
Robert’s issues?   

   3.    What strategies or techniques would you use to help Robert? (See Table  26.3 .)   
   4.    How would you respond to Robert’s comment (fi nal quote)? How could you phrase a response to 

express refl ective listening? What type of refl ective listening would be effective? (See Table  26.2 .)   
   5.    What special considerations should you keep in mind while counseling Robert on the hemodialysis 

unit?      

    Answers to Case Study 

     1.    Robert is in the contemplation stage of the TTM. He appears aware of the need to restrict his 
dietary intake of potassium, phosphorus, and fl uid. However, he is unable or unwilling to discuss 
how to proceed to make the changes necessary for dietary adherence.   

   2.    Robert needs to be asked  open - ended  questions to give him an opportunity to reveal his thoughts 
and concerns. Asking open-ended questions will allow Robert to explore obstacles in managing his 
dietary restrictions with the dietitian. Examples of open questions that would help Robert open up 
include “Robert, can you tell me how you are managing your diet since you started hemodialysis?” 
and “I’d like to hear about any struggles you might be having in restricting your fl uid intake. Can 
you share your thoughts with me?” Robert appears to have diffi culty with several components of 
the diet and he seems to be avoiding these issues. Asking him closed-ended or leading questions 
will just continue his reluctance to open up and share.   

   3.    Based on what is known about Robert, he would benefi t from  social support . Robert does not have 
friends and family that live nearby. Perhaps he could join a patient support group to help to fi ll this 
void. In addition, if Robert is willing, he should  self - monitor  food and fl uid intake a few days a 
week to help him reveal to himself the types and amounts of foods and beverages that he typically 
consumes. Finally,  stress management  may be useful in helping Robert manage all that is required 
of him now that he is on hemodialysis. Working full time while managing hemodialysis is taxing. 
Low-level exercise during the day and deep breathing may help him reduce pent-up stress.   

   4.    Robert’s comment has stress and frustration embedded in the statement. It would be benefi cial to 
use  amplifi ed refl ective listening  to help him open up about his concerns so that he can make prog-
ress towards improved dietary adherence. Responding to his  comment by saying  “I think what I 
hear you saying is that you are determined to address your new dietary restrictions, but you have 
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not been able to do so as yet and that is frustrating to you.” The dietitian can continue to express 
interest and empathy by saying “I would like to hear more about your thoughts regarding your diet 
and see where I can offer assistance.”   

   5.    The next time Robert arrives for hemodialysis the dietitian should ask him in advance to schedule 
a time to come by his treatment area. Sitting in a chair or on a stool at eye level with Robert will 
help promote a connection. If Robert seems uncomfortable talking at his treatment area, offer an 
alternative private location when he completes his dialysis treatment. Robert may be overwhelmed 
discussing phosphorus, potassium, and fl uid restrictions on the same day. The dietitian should ask 
Robert to make the choice as to which one of the three areas of his diet he would like to discuss, 
while reminding him that the potassium restriction is the most important because of its effect on 
the heart. This will offer Robert respect and empowerment and encourage him to take an active 
part in the counseling process.         
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    Introduction and Overview 

 Despite advances in medicine and technology, clinical outcomes among patients diagnosed with 
chronic kidney disease (CKD) have remained suboptimal. In the United States, one out of two patients 
diagnosed with CKD receiving maintenance dialysis (MD) will die within 3 years of initiating renal 
replacement therapy (RRT), translating to a death risk that is 6.5–7.4 times higher than in the general 
population [ 1 ]. Patients diagnosed with CKD on MD often experience a lower quality of life (QoL), 
greater risk of morbidity, higher rates for hospitalization, and increased mortality when compared 
with the general population [ 2 – 5 ]. The Dialysis Outcomes and Practice Patterns Study (DOPPS), 
which will be discussed later in the chapter, has identifi ed that the annual mortality rate among dialy-
sis patients in the United States is approximately 22 % [ 6 ,  7 ]. Japan and Europe report substantially 
lower fi rst-year crude mortality rates, 7 % and 16 %, respectively [ 6 ,  8 ]. Although the United States 
dialyzes patients with higher mean ages (60.5 ± 15.5 years) and a larger number of comorbid diseases, 
when regression models were adjusted for such case-mix factors, the United States still had higher 
overall morbidity and mortality rates [ 7 ]. 

 Historically, much of the focus in kidney disease had been on the burgeoning end-stage kidney 
disease (ESKD) population and the respective RRTs necessary for life maintenance; i.e., hemodialy-
sis (HD), peritoneal dialysis (PD), and transplantation. For the fi rst time in decades, the incidence 
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of individuals advancing to ESKD has slowed, and may be related to the greater emphasis on early 
screening for CKD in primary care settings leading to more timely and appropriate intervention [ 1 ]. 
While the rate of individuals diagnosed with CKD has declined, the death rate within this patient 
population is still reported as high as 147 cases per 1,000 cases [ 1 ]. Even though a small percentage 
of the over 26 million individuals with CKD progress to ESKD, they are more likely to die than to 
initiate dialysis [ 9 ,  10 ]. Capturing the patient once at stage 5 CKD may be too late to make meaningful 
changes in the factors associated with poorer outcome [ 11 ]. 

 This chapter will give a brief overview of the importance for studying the role that nutrition status 
has on key clinical outcomes in CKD, a clear description of outcomes research and its related meth-
odology, as well as a thorough discussion of clinical guidelines and their role in reducing practice 
variation.  

    Challenges for Nutrition 

 The importance of nutrition in the treatment and management of CKD is unquestionable. The rela-
tionship between nutritional status and morbidity and mortality has been researched extensively. 
There are a multitude of outcomes across the spectrum of kidney disease that could and should be 
measured. For example, bone disease, diabetes, dyslipidemias, hypertension, dialysis adequacy, and 
anemia are all either directly or indirectly related to nutrition intervention. Understanding how nutri-
tional status impacts morbidity and mortality is seemingly more diffi cult than studying either dialysis 
adequacy or anemia management [ 12 ]. Protein-energy malnutrition or wasting is an independent con-
tributor for mortality risk [ 13 – 19 ]. However, it remains unclear whether the malnutrition or wasting 
occurs over a period of time or as the result of a suboptimal status at the time of dialysis initiation; i.e., 
the association between malnutrition and death secondary to changes in nutrition status experienced 
over time or rather the presence of abnormalities at baseline [ 20 ]? 

 Multiple factors may explain the complexity of defi ning, treating, and reversing the malnutrition or 
wasting experienced, and comprise both nutritional and non-nutritional components [ 20 ]. Nutritional 
status can be assessed and “diagnosed” by using anthropometric measures, biochemical indices, clini-
cal symptoms, or dietary intake records separately or together, therein lies the diffi culty; the lack of 
one single measure that provides a good estimate of nutritional status [ 21 ]. Compounding these chal-
lenges is the impact of metabolic aberrations and hemodynamic imbalances secondary to CKD that 
may falsely affect nutrition parameters; e.g., non-nutritional factors such as infl ammation or hydration 
status may interfere with the reliability of measuring nutritional status through conventional means. 
Acknowledging the complexity of protein-energy malnutrition, the International Society of Renal 
Nutrition and Metabolism (ISRNM) convened an expert panel that has proposed new nomenclature 
for protein-energy malnutrition with the intent of “systematically defi n[ing] the diagnostic criteria” so 
that it will “clarify communication, enhance the effectiveness of patient care, and promote more inci-
sive research in the fi eld” [ 22 ]. The panel members have recommended the term protein-energy wast-
ing (PEW) instead of protein-energy malnutrition since it incorporates a multifaceted explanation for 
the suboptimal nutritional status often experienced in CKD patients. PEW is further described in the 
article published by Fouque et al. [ 22 ]. 

 Nutrition intervention or medical nutrition therapy (MNT) does make a positive impact on patient 
health outcomes. Studies have reported the effectiveness of nutrition intervention for a number of 
clinical outcomes related to disease states/conditions such as diabetes, hyperlipidemia, cancer, unin-
tentional weight loss, as well as outcomes related to cost and health care utilization [ 23 ,  24 ]. 
Researchers have also explored the impact of nutrition intervention (e.g., counseling, oral supplemen-
tation, educational programs, intradialytic parenteral nutrition) on CKD patients [ 25 – 41 ]. Some of 
these investigations were limited by sample size and study duration and only a few were randomized 
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controlled trials that have specifi cally measured the effect of MNT on protein-energy malnutrition or 
wasting and improved outcomes. Certainly more research is needed to determine how nutrition ther-
apy or dietetic practice patterns may affect outcomes.  

    Outcomes Research Defi ned 

 “The American health care delivery system is in need of fundamental change” is the opening state-
ment to the Institute of Medicine’s (IOM) report entitled  Crossing the Quality Chasm :  A New Health 
Care System for the 21st Century ,  2001  [ 42 ]. It is a provocative beginning for “what works and what 
doesn’t work in health care” [ 43 ]. Thus, the goals for outcomes research are really to determine [ 44 ]: 
Which treatments are the most effective? Which providers give the best care? Which health plans are 
the most effi cient? Which delivery systems provide the most patient-centered care? Who produces the 
best outcomes? Obviously, patients, providers, payers, and policymakers are all interested in the 
answers to the above questions. Thus, the Agency for Health Care Research and Quality (AHRQ) was 
formulated with the specifi c charge to support OR, and thereby improve the quality of health care in 
the United States. Presently, there are several Evidence-Based Practice Centers organized by the 
AHRQ with the intent of conducting systematic reviews necessary for developing practice guidelines 
[ 14 ]. For example, fi ve are dedicated to Center for Medicare and Medicaid Services (CMS) and one 
is for the United States Preventive Services Task Force (USPSTF). 

 Outcomes research is often referred to as the “third revolution in health care,” and is defi ned as “the 
process of obtaining data to measure the effect of a particular intervention on patient care” [ 43 ]. It has 
also been termed as “medical effectiveness research (MER)” or “outcomes effectiveness research 
(OER).” Most recently, the AHRQ has described outcomes research as “comparative effectiveness 
research” (CER) and is defi ned as “the generation and synthesis of evidence that compares the bene-
fi ts and harms of alternative methods to prevent, diagnose, treat, and monitor a clinical condition or to 
improve the delivery of care. The purpose of CER is to assist consumers, clinicians, purchasers, and 
policy makers to make informed decisions that will improve health care at both the individual and 
population levels” [ 45 ]. In fact, the American Recovery and Reinvestment Act of 2009 (i.e., the 
Economic Stimulus Package) provided signifi cant funding for CER through the AHRQ’s Effective 
Health Care Program which focused on key research priorities aimed at improving patient care and 
outcome. In 2010, with the passing of the Patient Protection and Affordable Care Act, the Patient- 
Centered Outcomes Research Institute (PCORI), comprising a 21-member board that includes the 
directors from AHRQ and the National Institutes of Health (NIH), was formally devised to fund and 
promote CER that will “advanc[e] the quality and relevance of evidence concerning the manner in 
which diseases, disorders, and other health conditions can effectively and appropriately be prevented, 
diagnosed, treated, monitored, and managed through research and evidence synthesis” [ 46 ]. The 
PCORI includes an independent, federally appointed Methodology Committee who is charged with 
the mission of formulating the standards for PCOR. The four general areas identifi ed by the commit-
tee in which standards will be developed are [ 47 ]: (1) prioritizing research questions, (2) using appro-
priate study designs and analyses, (3) incorporating patient perspectives throughout the research 
continuum, and (4) fostering effi cient dissemination and implementation of results. Regardless of the 
acronym, outcomes research collects and analyzes data with the intent of aiding patients, health pro-
fessionals, insurers, and administrators in the selection of suitable medical treatment options and 
setting health care policy [ 48 ]. 

 The benefi ts for conducting outcomes research are multiple [ 49 ,  50 ]: it identifi es best practices and 
improves the knowledge base of medical and health sciences, quantifi es cost-effectiveness of thera-
peutic interventions, supplies the basis for practice guidelines, formulates methods for continuous 
quality improvement (CQI), and sets benchmarking thresholds, aids in market decisions, and provides 
accountability. 
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 There is a distinction to be made between outcomes management and outcomes research; both are 
equally important for patient care. Outcomes management is the outcomes data routinely collected by 
practitioners, and lays the groundwork for outcomes research [ 51 ]. Outcomes management allows the 
practitioner to participate in research at a more basic level, and fosters further professional develop-
ment in research skills. Outcomes research employs controlled research procedures. 

 Seemingly, CQI or process improvement (PI) interfaces with outcomes management and outcomes 
research. CQI includes the analysis of the process(es), identifi cation of key quality characteristics of 
the process, as well as the outcomes of interest. The measurements will often include data collection 
on key process variables rather than direct clinical care that are hypothesized to infl uence patient out-
comes, such as frequency of contact, length of time between encounters, or when appointment sched-
uling occurs. Outcomes research, on the other hand, focuses closely on the impact of the treatment on 
patient outcome. Generally outcomes projects lead to changes in practice standards. Quality of care is 
then measured according to such standards; this aspect represents CQI. 

 One example of quality measures that serve as benchmarks is the end-stage renal disease (ESRD) 
Clinical Performance Measures (CPMs) Project funded by the CMS [ 52 ,  53 ]. This project was com-
pleted secondary to the Balanced Budget Act (BBA) which mandated that “CMS develop and imple-
ment, by January 1, 2000, a method to measure and report the quality of renal dialysis services 
provided under the Medicare program” [ 52 ]. CMS formulated performance measures based on the 
National Kidney Foundation’s Dialysis Outcome Quality Initiative (DOQI) Clinical Practice 
Guidelines, and changed the original benchmarks of the ESRD Core Indicators Project to include 
algorithms that applied the CPMs as well as generated a number of data collection instruments and 
their respective methodologies. Sixteen ESRD CPMs were rated: fi ve for hemodialysis (HD) ade-
quacy, three for peritoneal dialysis (PD) adequacy, four for anemia management, and four for vascular 
access [ 53 ]. Based on the pilot-testing of the original CPMs, input from content experts, and recom-
mendations of the KDOQI clinical practice guidelines, in 2008, CMS accepted a total of 26 CPMs in 
order to more comprehensively monitor the quality of care delivery to the ESRD population, and these 
CPMs are available at the CMS website [ 53 ]. In 2010, CMS convened six Clinical Technical Expert 
Panels (C-TEPs) to obtain further insight and guidance in accordance to new quality measures spe-
cifi c to the management of fl uid, anemia, bone and mineral disorders, and vascular access [ 53 ]. Such 
indicators, although measured in the context of outcomes management, can be rich sources of data for 
potential outcomes research projects [ 53 ].  

    Types of Outcomes 

 Although categories in the literature may slightly vary, there are generally three “types of outcomes”: 
clinical, patient-oriented, and economic. Clinical outcomes focus on health-status outcomes and can 
include mortality, risk factors, changes in development or progression of symptoms, disease and its 
sequelae, and complications from treatment [ 43 ,  50 ]. Some sample types related to nutrition and CKD 
are provided in Table  27.1  [ 54 ]. Patient-oriented outcomes give attention to the consequences of inter-
vention that are of concern to patients/families, such as survival, symptom relief, adverse effects of the 
condition or its treatment, functional status, QoL, and satisfaction. Economic outcomes are related to 
indicators that reduce length of stay, minimize care costs, or maximize revenue generation. A number 
of resources are available on outcomes research that the practitioner may fi nd useful which fully 
defi ne validated measurements to use for studying these types of outcomes [ 44 ,  55 – 57 ]. For example, 
if the practitioner wanted to study the effects of nutrition status on QoL (patient-oriented outcome), 
she/he would need to consult a number of validated tools to determine which one measured the 
 constructs of interest.
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   Attributes of good outcome variables are “objective, precise, quantitative and translatable” [ 43 ]. 
Dhingra and Laski add that they should be “valid, reproducible, actionable, and comparable over 
geographic, demographic and temporal boundaries”; allowing for benchmarking to occur [ 58 ]. Thus, 
one way to initiate more outcomes research in clinical practice specifi cally in kidney disease is to use 
the outcomes measures published in evidence-based practice guidelines.  

    Evidence-Based Practice Guidelines 

 Variances in patient outcome and survival among industrialized countries (e.g., the United States, 
Europe, Canada, Australia, and Japan) were fi rst recognized in 1989 at the Dallas symposium on 
morbidity and mortality of dialysis patients [ 59 ]. The United States reported the largest number of 
new patients with ESKD maintained on dialysis but also registered the highest crude mortality rate, 
ranging from 22 to 24 %. Such results motivated several organizations and regulatory agencies (e.g., 
National Institutes of Health, Health Care Financing Administration, Kidney Physicians Association) 
to focus on efforts for improving the quality of care delivered to dialysis patients in the United States. 
This emphasis on “medical effectiveness” led to the creation of the Dialysis Outcomes Quality 
Initiative (DOQI) Project of the National Kidney Foundation (NKF) in 1995. To refl ect a broader 
mission of improving the health status of patients across the spectrum of kidney disease, DOQI was 
later named in 1999 as the Kidney Disease Outcomes Quality Initiative (KDOQI). The fi rst DOQI 
guidelines were released in 1997 with subsequent updates and topics expanded from dialysis ade-
quacy, vascular access, and anemia to peritoneal dialysis, nutrition, CKD, dyslipidemia, bone disease, 
hypertension, and diabetes [ 60 ]. 

 Concomitantly, other countries initiated their own system for creating and developing practice 
guidelines [ 61 ]. For example, besides the United States, there were four other international guidelines 
published on nutrition and CKD [ 62 ]. Although similar recommendations were established interna-
tionally, the target ranges or values for specifi c outcome measures and how the evidence was rated 
may be highly variable. A more uniform approach for evidence analysis was needed; therefore, the 
concept of KDIGO (which stands for Kidney Disease: Improving Global Outcomes) was conceived. 
Its mission is “to improve care and outcomes of kidney disease patients worldwide through promoting 

   Table 27.1    Main types of outcome measures with nutrition-related examples cited   

  Clinical outcomes    Economic outcomes  
 Mortality rate  MNT reimbursement 
 Weight status  Length of stay 
 Body mass index  Hospitalizations 
 Subjective global assessment  Delays in CKD progression 
 Albumin or pre-albumin levels  Cost of enteral versus parenteral nutritional supplementation 
 Lean body mass  Cost-benefi ts of MNT versus other adjunctive therapies 
 C-reactive protein 
 Normalized protein catabolic rate 
 Interdialytic weight gains 

  Patient-oriented outcomes  
 Ability to live independently 
 Perception of patient care received 
 Health-related quality of life 
 Symptom relief from early satiety 
 Functional status 

  Adapted from [ 54 ]  
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coordination, collaboration, and integration of initiatives to develop and implement clinical practice 
guidelines” [ 63 ]. Presently, there are eight international clinical practice guidelines published on criti-
cal topic such as transplantation, bone and mineral disorders, hepatitis C, and acute kidney injury, 
with these and others under constant review and development [ 63 ].  

    Practice Guidelines and Patient Care 

 There is limited research whether practice guidelines actually affect clinical practice. Nonetheless, 
successful implementation of evidence-based guidelines can improve outcomes [ 64 ,  65 ]. Sugarman 
and associates have outlined the methods for making the CPMs measurable indicators of quality; 
based on the KDOQI evidence-based guidelines [ 52 ]. In addition, the Academy of Nutrition and 
Dietetics (formerly the American Dietetic Association) has published a number of toolkits related to 
their clinical practice guidelines in nutrition including one on CKD, which provides several reliable 
indicators for measuring nutritional status and monitoring outcomes [ 66 ,  67 ]. A great initial outcomes 
research project may be to examine whether integrating such guidelines does impact care. It repre-
sents a relatively simple study design, and no investigations of this nature currently exist in nutrition 
and CKD. 

 Nonetheless, there are challenges to implementing guidelines into practice; often out of the practi-
tioner’s purview. Burrowes et al. [ 68 ] surveyed renal dietitians about whether they implemented the 
KDOQI Nutrition Guidelines. The vast majority (92 %) had integrated at least one guideline into 
practice, whereas only 5 % had implemented all of them. Dietitians were unable to change their clini-
cal practice according to the best evidence, as a number of barriers existed, such as unavailable equip-
ment or tools (e.g., computers, food models, and calipers), high patient-to-dietitian staffi ng ratios, or 
the lack of administrative support for change. In a study published 5 years later by Vergili and Wolfe, 
it was evident that there was still substantial practice variation among renal dietitians in relation to the 
KDOQI Nutrition Guidelines [ 69 ]. Reasons given by the survey respondents included challenges 
within the practice setting as well as relevance of the guidelines published in 2000 to current practice. 
Thus, it is increasingly diffi cult to determine the impact of practice guidelines on patient outcomes if 
resources are lacking for their successful implementation. Given such concerns in general clinical 
practice, the DOPPS has attempted to quantify recommendations published by KDOQI as well as 
other agencies and organizations [ 61 ].  

    Dialysis Outcomes and Practice Patterns Study 

 Discrepancies in patient outcomes are believed to be largely related to varying practice patterns. 
A detailed investigation entitled the Dialysis Outcomes and Practice Patterns Study (DOPPS) was 
initiated in 1996. The goal of DOPPS was “to increase the longevity of patients on hemodialysis.” 
DOPPS measures a large number of practice patterns to detect new evidence for modifi able treatment 
factors that are associated with improved outcomes [ 61 ]. DOPPS is a large, international, observa-
tional, prospective hemodialysis (HD) study which originally involved seven countries (Japan, the 
United States, and fi ve European countries France, Germany, Italy, Spain, and the United Kingdom) 
and was expanded to 12 with the addition of Australia/New Zealand, Belgium, Canada, and Sweden 
[ 70 ]. A more detailed discussion of the study is available elsewhere [ 70 ,  71 ]. DOPPS gathers substan-
tial data regarding the patient’s demographic characteristics, medical history, laboratory values, drug 
therapies and prescriptions, dialysis unit practices, and outcomes [ 72 ]. It seeks to identify what dialy-
sis practices reduce mortality rates, lower hospitalizations, enhance health-related QoL, and improve 
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vascular access outcomes after controlling for the effects of comorbid diseases and demographic 
variables. Over 100 papers have been published using this dataset, with results reported concerning 
key nutrition indicators [ 16 ,  17 ,  73 ,  74 ]. Nutrition-related outcomes associated with increased mortal-
ity include low body mass index (BMI), substandard SGA score, and hypoalbuminemia. Poorer nutri-
tion-related outcomes are cited among the US patients in comparison to other countries. In future 
analyses, DOPPS is expected to supply more insight about therapeutic interventions used at the dialy-
sis facilities that may result in better nutrition-related outcomes, and provide direction towards what 
variables to study more closely to affect clinical practice changes.  

    Summary 

 The incidence of CKD patients is expanding in the United States but sadly, poor outcomes prevail. 
The complexity of protein-energy malnutrition or wasting impedes its understanding, treatment, and 
subsequent elimination as a contributor towards the morbidity and mortality experienced in this spe-
cifi c patient population. The generation of evidence-based practice guidelines assists in positively 
affecting change in practice to optimize outcomes, and serves as sources for measurable indicators in 
outcomes research. Existing databases have revealed a strong link between nutrition and outcomes in 
CKD. More research should concentrate on these areas of nutrition intervention in order to improve 
outcomes, provide direction for future study, and potentially create changes in clinical practice.     
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     Keywords     Nutrition practice guidelines   •   Nutritional assessment tools   •   Nutrition education 
resources   •   Potassium sources   •   Phosphorus sources   •   Phosphorus additives   •   Oxalate       

   Introduction 

 This chapter was developed with the practitioner in mind. Its primary goal is to be a handy reference 
for the enumerable resources needed and used by the practitioner in chronic kidney disease (CKD). 
The chapter’s organization includes four basic sections: (1) evidence-based practice guidelines, (2) 
diet-related resources and food lists, (3) critical tools for conducting nutrition assessments and deliv-
ering quality care, and (4) internet websites and applications. Much of what is contained in this chap-
ter may augment topics already presented and discussed in earlier chapters.  

   Evidence-Based Practice Guidelines 

 Practitioners in CKD have several evidence-based practice guidelines at their disposal that will assist 
them in evaluating each patient’s status and making appropriate clinical decisions for care delivery. 
These include those issued by the National Kidney Foundation (NKF) and the Academy of Nutrition 
and Dietetics (formerly the American Dietetic Association). The following highlight the key nutrition- 
related guidelines for this population. 
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 Key Points 

•     To fi nd information on topics related to kidney disease and related fi elds.  
•   To access information in a systematic and well-defi ned manner.  
•   To share information and to distribute it to those persons who are in need and will benefi t from this 

knowledge.  
•   To identify the vast number of resources available.    
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   NKF KDOQI Practice Guideline Statements 

 The NKF and their appointed Work Groups as part of the Kidney Disease Outcomes Quality Initiative 
(KDOQI) have published a number of practice guidelines related to topics of dialysis adequacy, car-
diovascular disease, anemia, bone disease, and, of course, nutrition, as well as many others. The 
reader is encouraged to consult the NKF website (  www.kidney.org    ) for routine updates and full expla-
nation and details of each practice guideline. Due to space limitations, what are addressed in the next 
section are the summary practice guideline statements that discuss nutrition management in CKD for 
adults and children, bone disease, and diabetes only [ 1 – 4 ]. 

 KDOQI Clinical Practice Guidelines for Nutrition in Chronic Renal Failure (  http://www.kidney.
org/professionals/kdoqi/pdf/KDOQI2000NutritionGL.pdf    ). Source: [ 1 ], used with permission from 
Elsevier Limited.

    A.    Maintenance Dialysis

    1.    Evaluation of Protein-Energy Nutritional Status

   Guideline 1. Use of Panel of Nutritional Measures 
 Nutritional status in maintenance dialysis (MD) patients should be assessed with a combination 
of valid, complementary measures rather than any single measure alone ( Opinion ).  

  Guideline 2. Panels of Nutritional Measures for Maintenance Dialysis Patients 
 For MD patients, nutritional status should be routinely assessed by predialysis or stabilized 
serum albumin, percent of usual body weight, percent of standard (NHANES II) body weight, 
subjective global assessment, dietary interviews and diaries, and normalized protein nitrogen 
appearance (nPNA) ( Opinion ).  

  Guideline 3. Serum Albumin 
 Serum albumin is a valid and clinically useful measure of protein-energy nutritional status in 
MD patients ( Evidence ).  

  Guideline 4. Serum Prealbumin 
 Serum prealbumin is a valid and clinically useful measure of protein-energy nutritional status 
in MD patients ( Evidence and Opinion ).  

  Guideline 5. Serum Creatinine and Creatinine Index 
 Serum creatinine and the creatinine index are valid and clinically useful measures of protein-
energy nutritional status in MD patients ( Evidence and Opinion ).  

  Guideline 6. Serum Cholesterol 
 Serum cholesterol is a valid and clinically useful measure of protein-energy nutritional status 
in MD patients ( Evidence and Opinion ).  

  Guideline 7. Dietary Interviews and Diaries 
 Dietary interviews and/or diaries are valid and clinically useful for measuring dietary protein 
and dietary energy intake (DEI) in MD patients ( Evidence and Opinion ).  

  Guideline 8. Protein Equivalent of Total Nitrogen Appearance (PNA) 
 PNA or Protein Catabolic Rate (PCR) is a valid and clinically useful measure of net protein 
degradation and protein intake in MD patients ( Evidence ).  

  Guideline 9. Subjective Global Assessment (SGA) 
 SGA is a valid and clinically useful measure of protein-energy nutritional status in MD patients 
( Evidence ).  
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  Guideline 10. Anthropometry 
 Anthropometric measurements are valid and clinically useful indicators of protein-energy 
nutritional status in MD patients ( Evidence and Opinion ).  

  Guideline 11. Dual Energy X-Ray Absorptiometry (DXA) 
 DXA is a valid and clinically useful technique for assessing protein-energy nutritional status 
( Evidence and Opinion ).  

  Guideline 12. Adjusted Edema-Free Body Weight (aBW ef ) 
 The body weight to be used for assessing or prescribing protein or energy intake is the aBW ef . 
For hemodialysis (HD) patients, this should be obtained postdialysis. For peritoneal (PD) 
patients, this should be obtained after drainage of dialysate ( Opinion ).      

   2.    Management of Acid–Base Status

   Guideline 13. Measurement of Serum Bicarbonate 
 Serum bicarbonate should be measured in MD patients once monthly ( Opinion ).  

  Guideline 14. Treatment of Low Serum Bicarbonate 
 Predialysis or stabilized serum bicarbonate levels should be maintained at or above 22 mmol/L 
( Evidence and Opinion ).      

   3.    Management of Protein and Energy Intake

   Guideline 15. Dietary Protein Intake (DPI) in Maintenance Hemodialysis (MHD) 
 The recommended DPI for clinically stable MHD patients is 1.2 g/kg body weight/day 
( Evidence and Opinion ).  

  Guideline 16. DPI in Chronic Peritoneal Dialysis (CPD) 
 The recommended DPI for clinically stable CPD patients is 1.2–1.3 g/kg body weight/day 
( Evidence ).  

  Guideline 17. Daily Energy Intake (DEI) for MD Patients 
 The recommended DEI for MHD or CPD patients is 35 kcal/kg body weight/day for those who 
are less than 60 years of age and 30–35 kcal/kg body weight/day for individuals 60 years or 
older ( Evidence and Opinion ).      

   4.    Nutritional Counseling and Follow-up

   Guideline 18. Intensive Nutritional Counseling with MD 
 Every MD patient should receive intensive nutritional counseling based on an individualized 
plan of care developed before or at the time of commencement of MD therapy ( Opinion ).  

  Guideline 19. Indications for Nutrition Support 
 Individuals undergoing MD who are unable to meet their protein and energy requirements with 
food intake for an extended period of time should receive nutritional support ( Evidence and 
Opinion ).  

  Guideline 20. Protein Intake During Acute Illness 
 The optimum protein intake for a MD patient who is acutely ill is at least 1.2–1.3 g/kg/day 
( Opinion ).  

  Guideline 21. Energy Intake During Acute Illness 
 The recommended energy intake for a MD patient who is acutely ill is at least 35 kcal/kg/day 
for those who are less than 60 years of age and at least 30–35 kcal/kg/day for those who are 60 
years of age or older ( Evidence and Opinion ).  

28 Suggested Resources for the Practitioner
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  Guideline 22.  l -Carnitine for MD Patients 
 There are insuffi cient data to support the routine use of  l -carnitine for MD patients ( Evidence 

and Opinion ).           

    B.    Advanced Chronic Renal Failure without Dialysis

   Guideline 23. Panels of Nutritional Measures for Nondialyzed Patients 
 For individuals with chronic renal failure (CRF) (GFR < 20 mL/min/1.73 m 2 ), protein-energy 
nutritional status should be evaluated by serial measurements of a panel of markers including 
at least one value from each of the following clusters: (1) serum albumin; (2) edema-free actual 
body weight, percent standard (NHANES II) body weight, or SGA; and (3) nPNA or dietary 
interviews and diaries ( Evidence and Opinion ).  

  Guideline 24. DPI for Nondialyzed Patients 
 For individuals with CRF (GFR < 25 mL/min/1.73 m 2 ) who are not undergoing MD, the institu-
tion of a planned low protein diet providing 0.60 g protein/kg/day should be considered. For 
individuals who will not accept such a diet or who are unable to maintain adequate DEI with 
such a diet, an intake of up to 0.75 g/kg/day may be prescribed ( Evidence and Opinion ).  

  Guideline 25. DEI for Nondialyzed Patients 
 The recommended DEI for individuals with CRF (GFR < 25 mL/min/1.73 m 2 ) who are not 
undergoing MD is 35 kcal/kg/day for those who are younger than 60 years old and 30–35 kcal/
kg/day for individuals who are 60 years of age or older ( Evidence and Opinion ).  

  Guideline 26. Intensive Nutritional Counseling for CRF 
 The nutritional status of individuals with CRF should be monitored at regular intervals 
( Evidence ).  

  Guideline 27. Indications for Renal Replacement Therapy 
 In patients with CRF (GFR < 15–20 mL/min) who are not undergoing MD, if protein-energy 
malnutrition develops or persists despite vigorous attempts to optimize protein and energy 
intake and there is no apparent cause for malnutrition other than low nutrient intake, initiation 
of MD or a renal transplant is recommended ( Opinion ).       

  KDOQI Clinical Practice Guideline for Nutrition in Children with CKD: 2008 Update (  http://
www.kidney.org/professionals/KDOQI/guidelines_ped_ckd/index.htm    ). Source: [ 2 ], used with per-
mission from Elsevier Limited.

  Recommendation 1. Evaluation of Growth and Nutritional Status 

   1.1    The nutritional status and growth of all children with CKD stages 2–5 and 5D should be evalu-
ated on a periodic basis (Strength of Recommendation-[A] intervention “should be done”).   

   1.2    The following parameters of nutritional status and growth should be considered in combination 
for evaluation in children with CKD stages 2–5 and 5D (Strength of Recommendation-[B] inter-
vention “should be considered”).

    (i)    Dietary intake   
   (ii)    Length- or height-for-age percentile or standard deviations scores (SDS)   
   (iii)    Length or height velocity-for-age percentile or SDS   
   (iv)    Estimated dry weight and weight-for-age percentile or SDS   
   (v)    BMI-for-height-age percentile or SDS   
   (vi)    Head circumference-for-age percentile or SDS (≤3 years old only)   
   (vii)    Normalized PCR in hemodialyzed adolescents with CKD stage 5D       
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   1.3    Frequency of monitoring nutritional and growth parameters in all children with CKD stages 2–5 
and 5D should be based on the child’s age and stage of CKD. In general, assessments should be 
performed at least twice as frequently as they would be performed in a healthy child of the same 
age. Infants and children with polyuria, evidence of growth delay, decreasing or low BMI, comor-
bidities infl uencing growth or nutrient intake, or recent acute changes in medical status or dietary 
intake may warrant more frequent evaluation (Strength of Recommendation-[C] intervention 
“suggested”).    

  Recommendation 2. Growth 

   2.1    Identifi cation and treatment of existing nutritional defi ciencies and metabolic abnormalities 
should be aggressively pursued in children with CKD stages 2–5 and 5D, short stature (height 
SDS < −1.88 or height-for-age <3rd percentile), and potential for linear growth (Strength of 
Recommendation-[A]).   

   2.2    Serum bicarbonate level should be corrected to at least the lower limit of normal (22 mmol/L) in 
children with CKD stages 2–5 and 5D (Strength of Recommendation-[B]).   

   2.3    Recombinant human growth hormone therapy should be considered in children with CKD 
stages 2–5 and 5D, short stature, and potential for linear growth if growth failure (height 
velocity-for- age SDS < −1.88 or height velocity-for-age <3rd percentile) persists beyond 3 
months despite treatment of nutritional defi ciencies and metabolic abnormalities (Strength of 
Recommendation-[B]).    

  Recommendation 3. Nutritional Management and Counseling 

   3.1    Nutrition counseling, based on an individualized assessment and plan of care, should be consid-
ered for children with CKD stages 2–5 and 5D (Strength of Recommendation-[B]).   

   3.2    Nutritional intervention that is individualized according to the results of the nutritional assess-
ment and with consideration of child’s age, development, food preferences, cultural beliefs, and 
psychosocial status should be considered for children with CKD stages 2–5 and 5D (Strength of 
Recommendation-[B]).   

   3.3    Frequent reevaluation and modifi cation of the nutrition plan of care is suggested for children with 
CKD stages 2–5 and 5D. More frequent review is indicated for infants and children with advanced 
stages of CKD, relevant comorbidities infl uencing growth or nutrient intake, evidence of inade-
quate intake or malnutrition, or if acute illness or adverse events occur that may negatively impact 
on nutritional status (Strength of Recommendation-[C]).   

   3.4    Nutritional management, coordinated by a dietitian, and in a collaborative effort with the child, 
caregiver, and the multidisciplinary pediatric nephrology team, is suggested for children with 
CKD stages 2–5 and 5D (Strength of Recommendation-[C]).    

  Recommendation 4. Energy Requirements and Therapy 

   4.1    Energy requirements for children with CKD stages 2–5 and 5D should be 100 % of the EER for 
chronological age, individually adjusted for PAL and body size. Further adjustment to energy 
intake is suggested based upon the response in rate of weight gain or loss (Strength of 
Recommendation-[B]).   

   4.2    Supplemental nutritional support should be considered when the usual intake of a child with 
CKD stages 2–5 and 5D fails to meet his or her energy requirements and the child is not achieving 
expected rates of weight gain and/or growth for age (Strength of Recommendation-[B]).   

   4.3    Oral intake of energy-dense nutritional supplements should be considered the preferred route for 
supplemental nutritional support for children with CKD stages 2–5 and 5D. When energy require-
ments cannot be met with oral supplementation, tube feedings should be considered (Strength of 
Recommendation-[B]).   
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   4.4    Trial intradialytic parenteral nutrition to augment inadequate nutritional intake is suggested for 
malnourished children (BMI-for height-age <5th percentile) receiving maintenance HD who are 
unable to meet their nutrition requirements through oral and tube feedings (Strength of 
Recommendation-[C]).   

   4.5    A balance of calories from carbohydrate and unsaturated fats recommended as the AMDR of the 
DRI is suggested when prescribing oral, enteral, or parenteral energy supplementation to children 
with CKD stages 2–5 and 5D (Strength of Recommendation-[C]).   

   4.6    Dietary and lifestyle changes are suggested to achieve weight control in overweight or obese 
children with CKD stages 2–5 and 5D (Strength of Recommendation-[C]).    

  Recommendation 5. Protein Requirements and Therapy 

   5.1    It is suggested to maintain DPI at 100–140 % of the DRI for ideal body weight in children with 
CKD stage 3 and at 100–120 % of the DRI in children with CKD stages 4–5 (Strength of 
Recommendation-[C]).   

   5.2    In children with CKD stage 5D, it is suggested to maintain DPI at 100 % of the DRI for ideal 
body weight plus an allowance for dialytic protein and amino acid losses (Strength of 
Recommendation-[C]).   

   5.3    Use of protein supplements to augment inadequate oral and/or enteral protein intake should be 
considered when children with CKD stages 2–5 and 5D are unable to meet their protein require-
ments though food and fl uids alone (Strength of Recommendation-[B]).    

  Recommendation 6. Vitamin and Trace Element Requirements and Therapy 

   6.1    The provision of dietary intake consisting of at least 100 % of the DRI for thiamin (B1), ribofl a-
vin (B2), niacin (B3), pantothenic acid (B5), pyridoxine (B6), biotin (B8), cobalamin (B12), 
ascorbic acid (C), retinol (A), α-tocopherol (E), vitamin K, folic acid, copper, and zinc should be 
considered for children with CKD stages 2–5 and 5D (Strength of Recommendation-[B]).   

   6.2    It is suggested that supplementation of vitamins and trace elements be provided to children with 
CKD stages 2–5 if dietary intake alone does not meet 100 % of the DRI or if clinical evidence of 
a defi ciency is present (Strength of Recommendation-[C]).   

   6.3    It is suggested that children with CKD stage 5D receive a water-soluble vitamin supplement 
(Strength of Recommendation-[C]).    

  Recommendation 7. Bone Mineral and Vitamin D Requirements and Therapy 

   7.1    Calcium

    7.1.1    In children with CKD stages 2–5 and 5D, it is suggested that the total oral and/or enteral 
calcium intake from nutritional sources and phosphate binders be in the range of 100–
200 % of the DRI for calcium for age (Strength of Recommendation-[C]).       

   7.2    Vitamin D

    7.2.1    In children with CKD stages 2–5 and 5D, it is suggested that serum 25-hydroxyvitamin D 
levels be measured once per year (Strength of Recommendation-[C]).   

   7.2.2    If the serum level of 25-hydroxyvitamin D is less than 30 ng/mL, supplementation 
with vitamin D 2  (ergocalciferol) or D 3  (cholecalciferol) is suggested (Strength of 
Recommendation-[C]).   

   7.2.3    In the repletion phase, it is suggested that serum levels of corrected total calcium and phos-
phorus be measured at 1 month after initiation or change in dose of vitamin D and at least 
every 3 months thereafter (Strength of Recommendation-[C]).   

   7.2.4    When patients are replete with vitamin D, it is suggested to supplement vitamin D continu-
ously and to monitor serum levels of 25-hydroxyvitamin D yearly (Strength of 
Recommendation-[C]).       
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   7.3    Phosphorus

    7.3.1    In children with CKD stages 3–5 and 5D, reducing dietary phosphorus intake to 100 % of 
the DRI for age is suggested when serum parathyroid hormone (PTH) is above the target 
range for CKD stage and serum phosphorus is within the normal reference range for age 
(Strength of Recommendation-[C]).   

   7.3.2    In children with CKD stages 3–5 and 5D, reducing dietary phosphorus intake to 80 % of 
the DRI for age is suggested when serum PTH level is above the target range for CKD stage 
and serum phosphorus exceeds the normal reference range for age (Strength of 
Recommendation-[C]).   

   7.3.3    After initiation of dietary phosphorus restriction, it is suggested that serum phosphorus be 
monitored at least every 3 months in children with CKD stages 3–4 and monthly in chil-
dren with CKD stage 5 and 5D. In all CKD stages, it is suggested to avoid serum phospho-
rus concentrations both above and below the normal reference range for age (Strength of 
Recommendation-[C]).        

  Recommendation 8. Fluid and Electrolyte Requirements and Therapy 

   8.1    Supplemental free water and sodium supplements should be considered for children with CKD 
stages 2–5 and 5D and polyuria to avoid chronic intravascular depletion and to promote optimal 
growth (Strength of Recommendation-[B]).   

   8.2    Sodium supplements should be considered for all infants with CKD stage 5D on peritoneal dialy-
sis therapy (Strength of Recommendation-[B]).   

   8.3    Restriction of sodium intake should be considered for children with CKD stages 2–5 and 5D who 
have hypertension or prehypertension (Strength of Recommendation-[B]).   

   8.4    Fluid intake should be restricted in children with CKD stages 3–5 and 5D who are oligoanuric to 
prevent the complications of fl uid overload (Strength of Recommendation-[A]).   

   8.5    Potassium intake should be limited for children with CKD stages 2–5 and 5D who have or are at 
risk of hyperkalemia (Strength of Recommendation-[A]).    

  Recommendation 9. Carnitine 

   9.1    In the opinion of the Work Group, there is currently insuffi cient evidence to suggest a role for 
carnitine therapy in children with CKD stage 5D.    

  Recommendation 10. Nutritional Management of Transplant Patients 

   10.1    Dietary assessment, diet modifi cations, and counseling are suggested for children with CKD 
stages 1–5T to meet nutritional requirements while minimizing the side effects of immunosup-
pressive medications (Strength of Recommendation-[C]).   

   10.2    To manage posttransplantation weight gain, it is suggested that energy requirements of children 
with CKD stages 1–5T be considered equal to 100 % of the EER for chronological age, adjusted 
for PAL and body size. Further adjustment to energy intake is suggested based upon the response 
in rate of weight gain or loss (Strength of Recommendation-[C]).   

   10.3    A balance of calories from carbohydrate, protein, and unsaturated fats within the physiological 
ranges recommended by the AMDR of the DRI is suggested for children with CKD stages 1–5T 
to prevent or manage obesity, dyslipidemia, and corticosteroid-induced diabetes (Strength of 
Recommendation-[C]).   

   10.4    For children with CKD stages 1–5T and hypertension or abnormal serum mineral or electrolyte 
concentrations associated with immunosuppressive drug therapy or impaired kidney function, 
dietary modifi cation is suggested (Strength of Recommendation-[C]).   
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   10.5    Calcium and vitamin D intakes of at least 100 % of the DRI are suggested for children with 
CKD stages 1–5T. In children with CKD stages 1–5T, it is suggested that total oral and/or 
enteral calcium intake from nutritional sources and phosphate binders not exceed 200 % of the 
DRI (Strength of Recommendation-[C]).   

   10.6    Water and drinks low in simple sugars are the suggested beverages for children with CKD stages 
1–5T with high minimum total daily fl uid intakes (except those who are underweight) to avoid 
excessive weight gain, promote dental health, and avoid exacerbating hyperglycemia (Strength 
of Recommendation-[C]).   

   10.7    Attention to food hygiene/safety and avoidance of foods that carry high risk of food poisoning 
or food-borne infection are suggested for immunosuppressed children with CKD stages 1–5T 
(Strength of Recommendation-[C]).    

  KDOQI Clinical Practice Guidelines for Bone Metabolism and Disease in Chronic Kidney 
Disease (  http://www.kidney.org/professionals/KDOQI/guidelines_bone/index.htm    ). Source: [ 3 ], used 
with permission from Elsevier Limited.

  Guideline 3: Evaluation of Serum Phosphorus Levels 

   3.1    In CKD patients (Stages 3 and 4), the serum level of phosphorus should be maintained at or above 
2.7 mg/dL (0.87 mmol/L) ( Evidence ) and no higher than 4.6 mg/dL (1.49 mmol/L) ( Opinion ).   

   3.2    In CKD patients with kidney failure (Stage 5) and those treated with hemodialysis (HD) or peri-
toneal dialysis (PD), the serum levels of phosphorus should be maintained between 3.5 and 
5.5 mg/dL (1.13 and 1.78 mmol/L) ( Evidence ).    

  Guideline 4: Restriction of Dietary Phosphorus in Patients with CKD 

   4.1    Dietary phosphorus should be restricted to 800–1,000 mg/day (adjusted for dietary protein needs) 
when the serum phosphorus levels are elevated (>4.6 mg/dL [1.49 mmol/L]) at Stages 3 and 4 of 
CKD ( Opinion ) and >5.5 mg/dL (1.78 mmol/L) in those with kidney failure (Stage 5) ( Evidence ).   

   4.2    Dietary phosphorus should be restricted to 800–1,000 mg/day (adjusted to dietary protein needs) 
when the plasma levels of intact PTH are elevated above target range of the CKD stage ( Evidence ).   

   4.3    The serum phosphorus levels should be monitored every month following the initiation of dietary 
phosphorus restriction ( Opinion ).    

  Guideline 6: Serum Calcium and Calcium-Phosphorus Product 

       In CKD Patients (Stages 3 and 4): 

   6.1    The serum levels of corrected total calcium should be maintained within the “normal” range for 
the laboratory used ( Evidence ).    

  In CKD Patients with Kidney Failure (Stage 5): 

   6.2    Serum levels of corrected total calcium should be maintained within the normal range for the 
laboratory used, preferably toward the lower end (8.4–9.5 mg/dL [2.10–2.37 mmol/L]) ( Opinion ).   

   6.3    In the event corrected total serum calcium level exceeds 10.2 mg/dL (2.54 mmol/L), therapies 
that cause serum calcium to rise should be adjusted as follows:

    6.3a    In patients taking calcium-based phosphate binders, the dose should be reduced or therapy 
switched to a non-calcium, non-aluminum, non-magnesium containing phosphate binder 
( Opinion ).   

   6.3b    In patients taking active vitamin D sterols, the dose should be reduced or therapy discontin-
ued until the serum levels of corrected total calcium return to the target range (8.4–9.5 mg/
dL [2.10–2.37 mmol/L]) ( Opinion ).   

   6.3c    If hypercalcemia (serum levels of corrected total calcium >10.2 mg/dL [2.54 mmol/L]) 
persists despite modifi cation of therapy with vitamin D and/or discontinuation of calcium-
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based phosphate binders, dialysis using low dialysate calcium (1.5–2.0 mEq/L) may be 
used for 3–4 weeks ( Opinion ).        

  In CKD Patients (Stages 3–5): 

   6.4    Total elemental calcium intake (including both dietary calcium intake and calcium-based phos-
phate binders) should not exceed 2,000 mg/day ( Opinion ).   

   6.5    The serum calcium–phosphorus product should be maintained at <55 mg 2 /dL 2  ( Evidence ). This 
is best achieved by controlling serum levels of phosphorus within the target range ( Opinion ).   

   6.6    Patients whose serum levels of corrected total calcium are below the lower limit for the laboratory 
used (<8.4 mg/dL [2.10 mmol/L]) should receive therapy to increase serum calcium levels if:

    6.6a    There are clinical symptoms of hypocalcemia such as paresthesia, Chvostek’s and 
Trousseau’s signs, bronchospasm, laryngospasm, tetany, and/or seizures ( Opinion ).   

   6.6b    The plasma intact PTH level is above the target range for the CKD Stage ( Opinion ).       

   6.7    Therapy for hypocalcemia should include calcium salts such as calcium carbonate ( Evidence ) 
and/or oral vitamin D sterols ( Evidence ).    

      Guideline 8: Vitamin D Therapy in CKD Patients 

       Guideline 8A: Active Vitamin D Therapy in Patients with Stages 3 and 4 CKD 

   8A.1    In patients with CKD stages 3 and 4, therapy with an active oral vitamin D sterol (calcitriol, 
alfacalcidol, or doxercalciferol) is indicated when serum levels of 25(OH)-vitamin D are 
>30 ng/mL (75 nmol/L), and plasma levels of intact PTH are above the target range for the CKD 
stage ( Evidence ).

    8A.1a    Treatment with an active vitamin D sterol should be undertaken only in patients with 
serum levels of corrected total calcium <9.5 mg/dL (2.37 mmol/L) and serum phospho-
rus <4.6 mg/dL (1.49 mmol/L) ( Opinion ).   

   8A.1b    Vitamin D sterols should not be prescribed for patients with rapidly worsening kidney 
function or those who are noncompliant with medications or follow-up ( Opinion ).    

      8A.2    During therapy with vitamin D sterols, serum levels of calcium and phosphorus should be 
monitored at least every month after initiation of therapy for the fi rst 3 months, then every 3 
months thereafter. Plasma PTH levels should be measured at least every 3 months for 6 months, 
and every 3 months thereafter ( Opinion ).   

   8A.3    Dosage adjustments for patients receiving active vitamin D sterol therapy should be made as 
follows:

    8A.3a    If plasma levels of intact PTH fall below the target range for the CKD stage, hold active 
vitamin D sterol therapy until plasma levels of intact PTH rise to above the target range, 
then resume treatment with the dose of active vitamin D sterol reduced by half. If the 
lowest daily dose of the active vitamin D sterol is being used, reduce to alternate-day 
dosing ( Opinion ).   

   8A.3b    If serum levels of corrected total calcium exceed 9.5 mg/dL (2.37 mmol/L), hold active 
vitamin D sterol therapy until serum calcium returns to <9.5 mg/dL (2.37 mmol/L), then 
resume treatment at half the previous dose. If the lowest daily dose of the active vitamin 
D sterol is being used, reduce to alternate-day dosing ( Opinion ).   

   8A.3c    If serum levels of phosphorus rise to >4.6 mg/dL (1.49 mmol/L), hold active vitamin D 
therapy; initiate or increase dose of phosphate binder until the levels of serum phospho-
rus fall to ≤4.6 mg/dL (1.49 mmol/L); then resume the prior dose of active vitamin D 
sterol ( Opinion ).        
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  Guideline 8B. Vitamin D Therapy in Patients on Dialysis (CKD Stage 5) 

   8B.1    Patients treated with HD or PD with serum levels of intact PTH levels >300 pg/mL (33.0 pmol/L) 
should receive an active vitamin D sterol (such as calcitriol, alfacalcidol, paricalcitol, or doxer-
calciferol) to reduce the serum levels of PTH to a target range of 150–300 pg/mL (16.5–
33.0 pmol/L) ( Evidence ).

    8B.1a    The intermittent, intravenous administration of calcitriol is more effective than daily 
oral calcitriol in lowering serum PTH levels ( Evidence ).   

   8B.1b    In patients with corrected serum calcium and/or phosphorus levels above the target 
range, a trial of alternative vitamin D analogs, such as paricalcitol or doxercalciferol, 
may be warranted ( Opinion ).    

      8B.2    When therapy with vitamin D sterols is initiated or the dose is increased, serum levels of cal-
cium and phosphorus should be monitored at least every 2 weeks for 1 month and then monthly 
thereafter. The plasma PTH should be measured monthly for at least 3 months and then every 3 
months once target levels of PTH are achieved ( Opinion ).   

   8B.3    For patients treated with peritoneal dialysis, oral doses of calcitriol (0.5–1.0 μg) or doxercalcif-
erol (2.5–5.0 μg) can be given 2 or 3 times weekly. Alternatively, a lower dose of calcitriol 
(0.25 μg) can be administered daily ( Opinion ).   

   8B.4    When either hemodialysis or peritoneal dialysis patients are treated with active vitamin D ste-
rols, management should integrate the changes in serum calcium, serum phosphorus, and 
plasma PTH ( Opinion ).    

      Guideline 13. Treatment of Bone Disease in CKD 

       Guideline 13A. Hyperparathyroid (high-turnover) and mixed (high-turnover with mineraliza-
tion defect) bone disease 

   13A.1    In CKD patients (stages 3 and 4) who have plasma levels of intact PTH >70 pg/mL (7.7 pmol/L) 
(stage 3) or >110 pg/mL (12.1 pmol/L) (stage 4) on more than two consecutive measurements, 
dietary phosphate intake should be restricted. If this is ineffective in lowering plasma PTH 
levels, calcitriol ( Evidence ) or one of its analogs [alfacalcidol ( Evidence ) or doxercalciferol 
( Opinion )] should be given to prevent or ameliorate bone disease.   

   13A.2    In CKD patients (stage 5) who have elevated plasma levels of intact PTH (>300 pg/mL 
[33.0 pmol/L]), calcitriol ( Evidence ) or one of its analogs (doxercalciferol, alfacalcidol, or 
paricalcitol) ( Opinion ) should be used to reverse the bone features of PTH overactivity (i.e., 
high-turnover bone disease), and to treat defective mineralization.    

  Guideline 13B. Osteomalacia 

   13B.3    Osteomalacia due to vitamin D 2  or D 3  defi ciency or phosphate depletion, though uncommon, 
should be treated with vitamin D 2  or D 3  supplementation and/or phosphate administration, 
respectively ( Opinion )   .

    13B.3a     If osteomalacia due to vitamin D defi ciency fails to respond to ergocalciferol or cho-
lecalciferol, particularly in patients with kidney failure (stage 5), treatment with an 
active vitamin D sterol may be given ( Opinion ).   

   13B.3b     Doses of phosphate supplementation should be adjusted upwards until normal serum 
levels of phosphorus are achieved ( Opinion ).    
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      Guideline 13C. Adynamic bone disease 

   13C.1    Adynamic bone disease in stage 5 CKD (as determined by either bone biopsy or intact PTH 
<100 pg/mL [11.0 pmol/L]) should be treated by allowing plasma levels of intact PTH to rise 
in order to increase bone turnover ( Opinion ).

    13C.1a    This can be accomplished by decreasing doses of calcium-based phosphate binders 
and vitamin D or eliminating such therapy ( Opinion ).    

          Additional KDOQI commentary on the 2009 KDIGO Clinical Practice Guideline for the 
Diagnosis, Evaluation, and Treatment of CKD-Mineral and Bone Disorder (CKD-MBD) avail-
able at:   http://www.kdigo.org/clinical_practice_guidelines/pdf/KDOQI%20CKD-MBD%20
commentary.pdf    . 

 KDOQI Clinical Practice Guidelines and Clinical Practice Recommendations for Diabetes and 
Chronic Kidney Disease (  http://www.kidney.org/professionals/KDOQI/guideline_diabetes/    ). 
Source: [ 4 ], used with permission from Elsevier Limited.

  Guideline 5. Nutritional Management in Diabetes and CKD 

   5.1    Target DPI for people with CKD stages 1–4 should be the recommended dietary allowance 
(RDA) of 0.8 g/kg body weight/day (Strength of Recommendation [B]—It is recommended that 
clinicians routinely follow the guideline for eligible patients).    

  Additional KDOQI Clinical Practice Guidelines 

 Below are links to additional KDOQI clinical practice guidelines that nutrition professionals 
would fi nd helpful [ 5 – 9 ].

   Anemia in Chronic Kidney Disease—  http://www.kidney.org/professionals/kdoqi/guidelines_
anemia/pdf/AnemiaInCKD.pdf    ;   http://www.kidney.org/professionals/KDOQI/guidelines_
anemiaUP/index.htm      

  Managing Dyslipidemia in Chronic Kidney Disease—  http://www.kidney.org/professionals/
kdoqi/guidelines_dyslipidemia/pdf/ajkd_dyslipidemia_gls.pdf      

  Hypertension and Antihypertensive Agents in Chronic Kidney Disease—  http://www.kidney.org/
professionals/KDOQI/guidelines_bp/index.htm      

  Cardiovascular Disease in Dialysis Patients—  http://www.kidney.org/professionals/kdoqi/
guidelines_cvd/pdf/cvd_%20in_dialysis_composite%20gl.pdf         

   Academy of Nutrition and Dietetics Chronic Kidney Disease (Non-dialysis) 
Medical Nutrition Therapy Protocol 

 As of January 2002, Medicare covers medical nutrition therapy (MNT) for the treatment of CKD 
(GFR <60 mL/min/1.73 m 2 ). This was a major breakthrough for the dietetics profession and a boon to 
the patients who need these services. The recognition of the importance of MNT in the treatment of 
CKD can make signifi cant progress in the care of many eligible persons. The particulars of coverage 
can be found at the website for the Centers for Medicare and Medicaid Services (CMS)   http://www.
cms.gov    . The Academy of Nutrition and Dietetics has published evidence-based practice protocols 
that guide care for non-dialysis kidney disease and can be ordered at   http://www.eatright.org    . 
Figure  28.1  provides a summary sheet of these MNT protocols (10). In 2012, the Academy of Nutrition 
and Dietetics updated and expanded the Chronic Kidney Disease Evidence-Based Nutrition Practice 
Guideline. The Executive Summary of Recommendations is available at http://andevidencelibrary.
com/topic.cfm?cat=3927 with further access to details available to Academy members and subscribers 
of the Evidence Analysis Library under the Major Recommendations section.    
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  Fig. 28.1    Academy of Nutrition and Dietetics Medical Nutrition Therapy Summary Sheet for Non-Dialysis Kidney 
Disease. © Academy of Nutrition and Dietetics (formerly the American Dietetic Association). Reprinted with permission       
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   Diet-Related Resources and Food Lists 

 Dietitians assist in translating research in nutrition and CKD to patients and their caregivers. A number 
of resources are available to help with this process in clinical practice, and a few are provided within 
this section. The following sections comprise several tables that cover the nutrition composition of 
foods for various stages of CKD, food sources of potassium, phosphorus, and oxalate, examples of high 
biologic value protein sources, and renal micronutrient supplements. In addition,  The Journal of Renal 
Nutrition , the offi cial journal of the Council on Renal Nutrition of the National Kidney Foundation, 
includes patient education and product update sections within their publication issues. 

   Nutrition Composition of Foods 

 Tables  28.1  and  28.2  present the calories, protein, sodium, potassium, and phosphorus composition of 
foods for people with CKD stages 3–5 [ 11 ].

       Food Sources of Potassium 

 Potassium content of selected foods, sorted by content, can be found on the USDA National Nutrient 
Database for Standard Reference, Release 24 at   http://www.ars.usda.gov/SP2UserFiles/
Place/12354500/Data/SR22/nutrlist/sr22w306.pdf    . 

 The NKF’s Potassium and Your CKD Diet patient education material comprises lists of foods that 
are both high and low in potassium. This material can be found at   http://www.kidney.org/atoz/content/
potassium.cfm    .  

   Table 28.1    Nutrition composition of foods (per serving) for people with stages 3 or 4 chronic kidney disease   

 Foods  Protein (g)  Calories (kcal)  Sodium (mg)  Potassium (mg)  Phosphorus (mg)  Example 

  Protein  
 High  6–8  50–100  20–150  50–150  50–100  1 oz beef, chicken, fi sh 
 High phosphorus  6–8  50–100  20–150  50–350  100–300  1 oz organ meats 
 High sodium  6–8  50–100  200–450  50–150  50–100  ¼ c cottage cheese 

  Vegetable  
 Low K +   2–3  10–100  0–50  20–150  10–70  1 c cabbage 
 Medium K +   2–3  10–100  0–50  150–250  10–70  ½ c beets 
 High K +   2–3  10–100  0–50  250–550  10–70  ¼ whole avocado 

  Fruit  
 Low K +   0–1  20–100  0–10  20–150  1–20  One medium apple 
 Medium K +   0–1  20–100  0–10  150–250  1–20  ½ c medium peach 
 High K +   0–1  20–100  0–10  250–550  1–20  Two apricot halves 
 Dairy/high 
phosphorus 

 2–3  50–200  150–400  10–100  100–200  1 c sherbet 

 Breads/cereals  2–3  50–200  0–150  10–100  10–70  ½ small sweet roll, 
no nuts 

 Free calories  0–1  100–150  0–100  0–100  0–100  1 (3 oz) popsicle 

  Adapted from Renal Practice Group of the American Dietetic Association. National Renal Diet Professional Guide. 2nd ed. 
Chicago: American Dietetic Association; 2002. With permission © Academy of Nutrition and Dietetics (formerly the American 
Dietetic Association) 
  c  cup,  K   +   potassium,  oz  ounce  

28 Suggested Resources for the Practitioner

http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/SR22/nutrlist/sr22w306.pdf
http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/SR22/nutrlist/sr22w306.pdf
http://www.kidney.org/atoz/content/potassium.cfm
http://www.kidney.org/atoz/content/potassium.cfm


450

   Food Sources of Phosphorus 

 Phosphorus content of selected foods can also be found on USDA National Nutrient Database for 
Standard Reference, Release 24 at   https://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/
SR24/nutrlist/sr24a305.pdf    . 

 Listing of foods high in phosphorus and better alternative food choices are provided on the National 
Kidney Foundation’s Phosphorus and Your CKD Diet information health guide at   http://www.kidney.
org/atoz/content/phosphorus.cfm    . Table  28.3  lists the phosphorus and protein content of common 
foods. Additional literature and listing of dietary phosphorus, protein, and potassium content of food 
items ranked by phosphorus to protein ratio categories have been published and can be accessed at 
  http://cjasn.asnjournals.org/content/5/3/519.full.pdf+html     [ 12 ].

   Phosphate-based additives can affect the diets of those with CKD and care is taken to limit the 
intake of foods containing these additives. Table  28.4  displays the most common phosphate additives, 
their use, and food products in which they are found [ 13 ]. Food additives used in fast food restaurant 
menu items as well as better alternative choices for those menu items can be found on Case Western 
University’s Phos Foods website at   http://www.case.edu/med/ccrhd/phosfoods/    .

      Protein Quality in Foods 

 Education and monitoring of protein restriction in CRF patients not undergoing maintenance dialysis 
and adequate protein intake in CKD stages 3–5 patients are important in the care of this population. 
Table  28.5  presents the biologic values of animal- and vegetable-based foods. Additional biologic 
values of certain foods can be found in the FAO Amino Acid Content of Foods and Biological Data 
on Proteins (1970) publication and can be accessed at   http://www.fao.org/DOCREP/005/AC854T/
AC854T00.htm#TOC     [ 14 ].

   Table 28.2    Nutrition composition of foods (per serving) for people with stage 5 chronic kidney disease   

 Foods 
 Protein 
(g) 

 Calories 
(kcal) 

 Sodium 
(mg) 

 Potassium 
(mg) 

 Phosphorus 
(mg)  Example 

  Protein  
 Animal  6–8  50–100  20–150  50–150  50–100  1 oz beef, chicken, fi sh 
 Animal (with 
higher Na 2+  or PO 4  −  
contents) 

 6–8  50–100  200–500  50–150  100–300  1 oz sardines 

  Fruit/vegetable  
 Low K +   0–3  10–100  1–50  20–150  0–70  1 c lettuce OR ½ c grape juice 
 Medium K +   0–3  10–100  1–50  150–250  0–70  ½ c cooked broccoli OR two Tbsp raisins 
 High K +   0–3  10–100  1–50  250–550  0–70  One medium tomato OR one small nectarine 

 Dairy/high PO 4  −   2–8  100–400  30–300  50–400  100–120  ½ c milk 
 Breads/cereals  2–3  50–200  0–150  10–100  10–70  ½ small bagel 
 Free calories  0–1  100–150  0–100  0–100  0–100  Four pieces hard candy 

  Adapted from Renal Practice Group of the American Dietetic Association. National Renal Diet Professional Guide. 2nd ed. 
Chicago: American Dietetic Association; 2002. With permission © Academy of Nutrition and Dietetics (formerly the American 
Dietetic Association) 
  c  cup,  K   +   potassium,  Na   2+   sodium,  PO   4    −   phosphorus,  oz  ounce,  Tbsp  tablespoon  
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   Table 28.3    Phosphorus and protein content of common foods   

 Food  Amount  Phosphorus (mg)  Protein (g)  Phos (mg)/protein (g) 

  Beans ,  legumes ,  tofu  
 Kidney beans, black beans
Refried beans, lima beans 

 1 Cup  245  15  16.3 
 1 Cup  215  15  14.3 

 Navy beans  1 Cup  290  16  18.1 
 Soybeans, boiled  1 Cup  420  29  14.4 
 Soybeans, roasted  1 Cup  625  60  10.4 
 Tofu, fi rm  100 g  75  6  12.5 
 Tofu, soft  100 g  55  4  13.8 

  Cheese  
 Cheddar cheese  1 oz  145  7  20.7 
 Mozzarella cheese  1 oz  140  7  20.0 
 Swiss cheese  1 oz  170  8  21.3 
 Cottage cheese, 1 % fat  1 Cup  150  14  10.7 
 Cottage cheese, 2 % fat  1 Cup  340  31  11.0 
 Cream cheese  2 Tbsp  30  2  15.0 

  Cream ,  milk ,  yogurt  
 Half and half cream  1 Cup  230  7  33.0 
 Heavy cream  1 Cup  150  5  29.8 
 Sour cream  2 Tbsp  30  1  30.0 
 Buttermilk  1 Cup  220  8  27.5 
 Nonfat milk  1 Cup  250  8  31.3 
 1 % milk  1 Cup  235  8  29.4 
 2 % milk  1 Cup  230  8  29.0 
 Whole milk  1 Cup  230  8  28.7 
 Low fat yogurt  1 Cup  340  12  28.3 
 Regular yogurt  1 Cup  215  8  26.9 

  Fish and seafood  
 Blue crab  3 oz  175  17  10.3 
 Dungeness crab  3 oz  150  19  8.0 
 King crab  3 oz  240  16  15 
 Halibut  3 oz  215  23  9.3 
 Oysters  3 oz  195  13  15 
 Salmon  3 oz  270  21  12.8 
 Shrimp  3 oz  115  18  6.4 

  Meat ,  poultry ,  eggs  
 Beef liver  3 oz  390  23  17.0 
 Top sirloin  3 oz  200  25  8.0 
 Chicken breast  3 oz  195  27  7.2 
 Chicken thigh  3 oz  150  22  6.8 
 Egg  1 Large  85  7  12.1 
 Ham  3 oz  240  19  12.6 
 Lamb chop  3 oz  190  22  8.6 
 Pork loin  3 oz  145  22  6.6 
 Turkey  3 oz  190  27  7.0 
 Veal loin  3 oz  190  22  8.6 

  Nuts and nut butters  
 Almonds  1 oz  140  6  23.3 
 Macadamia  1 oz  55  2  27.5 
 Peanuts, roasted  1 oz  150  8  18.8 
 Peanut butter  2 Tbsp  110  8  13.8 
 Walnuts  1 oz  100  4  25.0 

(continued)

28 Suggested Resources for the Practitioner
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      Oxalates in Food 

 For populations where dietary oxalates are of concern, Table  28.6  lists high and moderate oxalate 
contents of common foods [ 15 ].

      Vitamin Recommendations and Supplementation in CKD 

 CKD patients have altered vitamin metabolism and are thought to have increased requirements for 
some vitamins. Table  28.7  presents the Dietary Reference Intakes for vitamins and their suggested 
recommendations for various stages of CKD. Table  28.8  lists the micronutrient content of currently 
available specially formulated renal vitamins.

        Assessment Tools 

 As discussed in a previous chapter on nutrition assessment, there are typically four components to 
conducting a comprehensive nutrition assessment: (1) Anthropometrics, (2) Biochemical Indices, (3) 
Clinical Symptomatology, and (4) Dietary Intake Data. The KDOQI Practice Guidelines for Nutrition 
outline very specifi cally some of the methods for anthropometry, such as height, frame size, and body 
circumferences, which should be obtained [ 1 ]. The reader is encouraged to consult this resource at 
  http://www.kidney.org/professionals/KDOQI/guidelines_updates/nut_appx07a.html    . 

 Recommendations are also presented by the KDOQI Practice Guidelines on the appropriate use of 
dietary assessment, and calculations of dietary protein and energy intakes at   http://www.kidney.org/
professionals/KDOQI/guidelines_updates/nut_appx03a.html    . 

 As reported in the nutrition KDOQI Guideline 9, SGA is a valid and clinically useful measure of 
protein-energy nutritional status in maintenance dialysis patients. In 1994, SGA was presented at the 
annual meeting of the American Society of Nephrology. Since that time, it has been used in growing 
numbers of dialysis clinics as another tool for assessment of the CKD patient’s nutritional status. It is 
simple, subjective, and hands on [ 22 ,  23 ]. 

 Food  Amount  Phosphorus (mg)  Protein (g)  Phos (mg)/protein (g) 

  Fast foods  
 Bean/cheese burrito  2 Small  180  15  12.0 
 Breakfast biscuit (egg, cheese, bacon)  1 Serving  460  16  28.8 
 Cheeseburger  1 Serving  310  28  11.0 
 Chicken sandwich  1 Serving  405  29  14.0 
 Pepperoni pizza  1 Slice  225  16  14.0 

  Other foods  
 Beer  12 oz  40  1  40 
 Milk chocolate  1 oz  60  2  30 
 Semi sweet chocolate  1 oz  35  1  35 
 Coffee  1 Cup  2  0 
 Colas  12 oz  45  0 
 Lemon lime soda  12 oz  0  0 
 Lemonade  1 Cup  5  0.5  10 
 Root beer  12 oz  0  0 
 Tea  1 Cup  2  0 

  Adapted from National Kidney Foundation. KDOQI clinical practice guidelines for bone metabolism and disease in 
chronic kidney disease. Am J Kidney Dis 2003;42(Suppl 3):S1–S201 with permission from Elsevier Limited  

Table 28.3 (continued)
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 SGA is a score-based assessment based on a medical history and a physical assessment. Its ratings 
have been found to be highly predictive of outcome as well as correlate strongly with other subjective 
and objective measures of nutrition [ 22 – 24 ]. While it was originally used to categorize surgical 
patients, it is now recognized as a valid and reliable nutritional assessment tool for dialysis patients 
[ 25 – 30 ]. Studies in CKD patients have also shown the predictive capability of survival outcomes and 
correlations of SGA with anthropometric and other outcome measures [ 26 – 30 ]. 

   Table 28.5    Biologic values of selected animal and vegetable foods   

 Foods 
 Biologic 
value range a  (%) 

 Red beans, lentils  45 
 Wheat fl our, wheat gluten, bean (avg), baker’s yeast  50–59 
 Sesame seed, white rice, black beans, peas, kale, cooked oatmeal, butter beans, wheat (avg), 

lima beans, brewer’s yeast, chick peas, coconut 
 60–69 

 Sunfl ower seeds, cheddar cheese, sardines, brown rice, soybeans, potatoes, wheat germ, beef, 
veal, chicken, pork, shrimp, fi sh (avg), rye, buckwheat 

 70–79 

 Mushrooms, casein, barley, cod, haddock, milk, lobster  80–89 
 Egg  >90 

  Developed by Joni Pagenkemper;  Source : Food and Agriculture Organization of the United Nations. Amino Acid 
Content of Foods and Biological Data on Proteins. Rome, Italy: FAO; 1970 
  a Adequate protein quality >60 adults, >70 children  

   Table 28.6    Food sources of oxalate  

 High oxalate content (>0.9 % in the food)  Moderate oxalate content (0.2–0.9 %) 

 Beet greens (and the tuber)  Beans, dried 
 Chocolate, cocoa  Blackberries 
 Figs  Carrots 
 Lamb’s quarters  Celery 
 Pepper, black  Coffee, instant 
 Poppy seeds  Currants 
 Purslane  Endive 
 Rhubarb  Gooseberries 
 Sorrel  Grapes, concord 
 Spinach  Green pepper 
 Swiss chard  Lemon peel 
 Tea (instant)  Okra 
 Beer, draft  Onions, green 

 Oranges, orange peel 
 Raspberries 
 Strawberries 
 Sweet potatoes 
 Tomatoes 
 Wheat bran 
 Nuts 

   Source : United States Department of Agriculture, Human Nutrition Information 
Service. Agriculture Handbook Number 8-11, Composition of Foods: Vegetables and 
Vegetable Products. Revised August 1984  
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 SGA is a score-based assessment centered on a medical history and a physical assessment. Medical 
history includes progression of weight change, dietary intake, gastrointestinal symptoms, physiologi-
cal functioning, and a simple analysis of metabolic stress. The physiological assessment includes loss 
of subcutaneous fat and muscle mass, and edema. Originally, patients were evaluated as (A) well- 
nourished, (B) mild to moderately malnourished, or (C) severely malnourished [ 22 ,  23 ]. This ABC 
rating has been changed to a 7-point scale [ 28 ]. The scores in the 7 point scale are as follows:

    1.    6 or 7 = mildly nutritional risk to well-nourished   
   2.    3, 4, or 5 = mild to moderately malnourished   
   3.    1 or 2 = severely malnourished    

  The KDOQI has recommended the use of this 7-point scale SGA tool for assessing nutritional 
status of CKD patients. Healthcare professionals should be trained on SGA methods prior to using it 
in practice. Methods for performing SGA can be found in the nutrition KDOQI Practice Guidelines at 
  http://www.kidney.org/professionals/KDOQI/guidelines_updates/nut_appx06a.html    . 

 Table  28.9  is a sample SGA form based on the 7-point scale. Additional materials that have been 
published or reviewed are available to assist in performing various nutritional assessments and SGA 
among CKD patients, including:

    SGA Training Materials, Baxter Healthcare Corporation, Renal Division, 1620 Waukegan Road, 
McGaw Park, IL.  

  McCann L. Subjective global assessment as it pertains to nutritional status of dialysis patients. Dial 
Transplant. 1996;25:190–199, 202, 225.  

  McCann, Yates L, Ezaki-Yamaguchi J, Akiyama P. Forms to monitor and assess nutritional status of 
renal patients. J Ren Nutr 1995;5:151–155.  

  Steiber AL, Kalantar-Zadeh K, Secker D, McCarthy M, Sehgal A, McCann L. Subjective Global 
Assessment in chronic kidney disease: a review. J Ren Nutr 2004;14:191–200.     

   Table 28.7    Daily vitamin recommendations for CKD   

 Vitamin  Dietary Reference Intakes a   Predialysis CKD  Maintenance HD/PD 

 Vitamin C  75–90 mg/day  60–100 mg/day  60–100 mg/day 
 Thiamin (B1)  1.1–1.2 mg/day  1.5 mg/day  1.5 mg/day 
 Ribofl avin (B2)  1.1–1.3 mg/day  1.8 mg/day  1.1–1.3 mg/day 
 Niacin  14–16 mg/day  14–20 mg/day  14–20 mg/day 
 Vitamin B6  1.3–1.7 mg/day  5 mg/day  10 mg/day 
 Vitamin B12  2.4 μg/day  2–3 μg/day  2–3 μg/day 
 Folic acid  0.4 mg/day  1 mg/day  1 mg/day 
 Pantothenic acid  5 mg/day  5 mg/day  5 mg/day 
 Biotin  30 μg/day  30–100 μg/day  30–100 μg/day 
 Vitamin A  700–900 μg/day  700–900 μg/day  700–900 μg/day 
 Vitamin E  15 mg/day  15 mg/day  15 mg/day 
 Vitamin K  90–120 μg/day  90–120 μg/day  90–120 μg/day 

   a Dietary Reference Intakes for adults >18 years;  Sources : see refs. [ 16 – 21 ]  
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   Table 28.9    Sample SGA form using a 7-point scoring system      

        

    From Steiber AL, Kalantar-Zadeh K, Secker D, McCarthy M, Sehgal A, McCann L. Subjective Global Assessment in 
chronic kidney disease: a review. J Ren Nutr 2004; 14:191–200. Reprinted with permission from Elsevier Limited  

   Internet Sites 

 There are a plethora of websites that provide resources and online tools that may prove useful for the 
busy practitioner. Table  28.10  includes a select few.

      Tablet and Smartphone Applications 

 With the increasing use of smartphones and tablets, a growing number of applications are becoming 
available that both practitioners and clients can utilize to manage their care and treatment. Below are 
a few with a brief description of the application. As with all print and internet resources available, 
tablet and smartphone applications should be reviewed and used with appropriate professional and 
clinical judgment. 

  National Kidney Foundation - eGFR Calculators : Helps medical professionals estimate kidney func-
tion using fi ve separate eGFR calculators. 
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  National Kidney Foundation - Screening for Albuminuria in Patients with Diabetes : A quick pocket 
tool to help medical professionals assess and treat albuminuria in people with diabetes and other high 
risk patients. 

  National Kidney Foundation - Manage CVD Risk in Patients with Reduced GFR : Includes an interac-
tive algorithm to quickly identify patients with high cardiovascular disease risk and apply evidence- 
based strategies to assess and treat. 

  National Institutes of Health Offi ce of Dietary Supplements  ( ODS )  MyDS : Provides an easy way for 
individuals to keep track of vitamins, minerals, herbs, and other products they take as well as access to 
science-based, reliable information on dietary supplements, and general information about the ODS. 

  KidneyDiet : Contains a searchable food list with nutrient content information (i.e., protein, potassium, 
phosphorus) and ability to enter in food diary that calculates total nutrient intakes and compares it to 
the patient’s physician- and/or dietitian-recommended intake guidelines. 

  Nutrition Complete : Searchable database of nutrient composition of foods based on the USDA 
Nutrient Database for Standard Reference. 

  iFood Diary : Allows the user to enter food diaries and monitor progress with established goals. 

  Blood Sugar Tracker : Allows user to log blood sugar levels, set target blood glucose ranges, and view 
history and simple graphs. 

  Vree for Diabetes : Includes diabetes education resources about Type 2 diabetes, tracking of blood 
glucose, nutrition, activity, blood pressure and medications, as well as keeping progress charts. 

  WaveSense Diabetes Manager : Tracks blood glucose results, carbohydrate intake, and insulin doses 
with features including logbook, trend chart, email reports, color-coded results, video content, and 
customizable target ranges and mealtime schedules.  

   Table 28.10    Online resources and tools   

 Academy of Nutrition and Dietetics    www.eatright.org     
 American Association of Kidney Patients (AAKP)    www.aakp.org     
 American Diabetes Association    www.diabetes.org     
 American Kidney Fund    www.akfi nc.org     
 Centers for Medicare and Medicaid Services (CMS)    www.cms.gov     
 Council of Renal Nutrition (CRN)    www.kidney.org/professionals/CRN/     
 Council of Nephrology Social Workers (CNSW)    www.kidney.org/professionals/CNSW/     
 Council of Nephrology Nurses & Technicians (CNNT)    www.kidney.org/professionals/CNNT/     
 Culinary Kidney Cooks    www.culinarykidneycooks.com     
 DaVita Healthcare    www.davita.com     
 Fresenius NA    www.fmcna.com     
 Hypertension, Dialysis & Clinical Nephrology    www.hdcn.com     
 Kidney School    www.kidneyschool.org     
 Life Options Rehabilitation Program    www.lifeoptions.org     
 National Institute of Diabetes and Digestive and Kidney Diseases    www.niddk.nih.gov     
 National Kidney Disease Education Program (NKDEP)    www.nkdep.nih.gov     
 National Kidney Foundation    www.kidney.org     
 The Nephron Information Center    www.nephron.com     
 Renal Dietitians Dietetic Practice Group of the American Dietetic Association    www.renalnutrition.org     
 RenalWEB-Vortex Website of the Dialysis World    www.renalweb.com     
 USDA Nutrient Database for Standard Reference    http://ndb.nal.usda.gov     
 United States Renal Data System (USRDS)    www.usrds.org     
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   Summary 

 This chapter represents a collection of resources that are required for clinical practice in nutrition and 
kidney disease. It does not contain an exhaustive list of tools, but should serve to assist the practitioner 
in locating critical pieces of information necessary for appropriate delivery of care in CKD patients.     
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  A 
  ABD.    See  Adynamic bone disorder (ABD) 
   The Academy of Nutrition and Dietetics (AND) , 69  
   Acceptable Macronutrient Distribution Range 

(AMDR) , 28  
   ACEI.    See  Angiotensin converting enzyme inhibitors 

(ACEI) 
   ACR.    See  Albumin creatinine ratio (ACR) 
   Acute dialysis quality initiative (ADQI) , 232  
   Acute kidney injury (AKI) 

 and ADQI , 232  
 and ATN , 232  
 defi nition , 232, 233  
 glomerular fi ltration , 232  
 intrarenal and postrenal , 232  
 kidney functions , 231  
 and MODs , 232  
 nutritional requirements , 241–244  
 nutrition management   ( see  Nutrition 

management, AKI) 
 and PN support , 238–241  
 postrenal , 7  
 practice guidelines , 40  
 prerenal , 7  
 renal , 7  
 and RRT , 39, 233  
 staging , 232, 233  
 treatment , 7  
 urine volumes , 232  

   Acute post-transplant period 
 nutritional requirements 

 adult kidney transplant , 199, 200  
 carbohydrate , 201  
 energy , 201  
 fat , 201  
 herbals , 202  
 potassium , 201–202  
 protein , 199, 201  
 sodium , 201  
 vitamins, minerals and trace elements , 202  

 problems, acute care setting , 202–204  
   Acute renal failure , 232  
   Acute tubular necrosis (ATN) , 232  

   ADA.    See  American Dietetic Association (ADA) 
   Adipocyte secretory products , 160  
   ADQI.    See  Acute dialysis quality initiative (ADQI) 
   Advanced glycation end-products (AGEs) , 106  
   Adynamic bone disorder (ABD) , 253  
   Agency for Healthcare Research and Quality 

(AHRQ) , 429  
   Age-related intervention and monitoring 

 adolescents , 319  
 children , 318–319  
 infants and toddlers 

 biochemical abnormalities , 317  
 cognitive development , 316  
 delayed gastric emptying , 317  
 electrolyte content , 317  
 gastric dysrhythmias , 317  
 medical contraindications , 318  
 oral feedings , 317  
 protein modulars , 318  

   AGEs.    See  Advanced glycation end-products (AGEs) 
   Aging adult 

 CKD risk factors , 337–339  
 economic status , 334  
 geriatric focus , 339–341  
 and kidney function , 336  
 marital status , 334  
 morbidity and mortality risks , 333  
 older adult , 334  
 physiological changes , 334–336  

   AHRQ.    See  Agency for Healthcare Research and Quality 
(AHRQ) 

   AKI.    See  Acute kidney injury (AKI) 
   Albumin 

 CKD people , 60  
 distribution , 60  
 levels , 60–61  
 in liver , 60  
 low protein intake , 61  
 serum prealbumin , 61  

   Albumin creatinine ratio (ACR) , 105  
   Alkaline phosphatase (AP) , 257  
   American Dietetic Association (ADA) , 379  
   AMPM.    See  Automated Multiple-Pass Method (AMPM) 

                     Index  
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   Angiotensin converting enzyme inhibitors (ACEI) , 350  
   Anorexia 

 infl ammatory markers , 224  
 nutrition assessment , 175  

   Anthropometry 
 assessment , 49  
 MDRD and HEMO clinical trial , 50  
 NHANES , 50  

   AP.    See  Alkaline phosphatase (AP) 
   Atherosclerotic cardiovascular disease , 225  
   ATN.    See  Acute tubular necrosis (ATN) 
   Automated Multiple-Pass Method (AMPM) , 29, 31  
   Azathioprine , 208  

    B 
  Behavior change models 

 health belief model , 408  
 individual factors , 408, 409  
 nutritional counseling , 409, 410  
 strategies , 409–410  
 transtheoretical model , 409  

   Biochemical markers, CKD-MBD 
 AP , 257  
 bone-specifi c AP (BSAP) , 257  
 hyperphosphatemia , 256  
 ionized calcium , 255  
 KDIGO , 256, 257  
 phosphorus , 255  
 PTH , 256  
 serum calcium , 255  
 total calcium , 255  

   Biochemical tests 
 infl ammation markers 

 appetite and protein catabolism , 63  
 C-reactive protein and proinfl ammatory 

cytokines , 63  
 oxidative stress , 63  
 REE , 63  
 serum albumin levels , 63  

 ISRNM diagnostic criteria , 59  
 KDOQI biochemical testing regimen , 59  
 nutritional adequacy and management 

 metabolic acidosis , 64–65  
 nPNA interpretation , 64–65  
 protein intake , 64  

 protein-energy nutritional status 
 negative acute phase proteins , 60  
 serum albumin , 60–61  
 serum creatinine and creatinine index , 61–62  
 serum prealbumin , 61  
 serum total cholesterol , 62  
 serum transferrin , 62  

 REE , 58–59  
   Bioelectrical impedance (BIA) , 305  
   Biomarkers 

 application , 37  
 dietary , 37  
 doubly labeled water and UUN , 38  
 plasma ascorbic acid, carotenoids and vitamin A 

levels , 38  

 serum uric acid levels and urinary isofl avones, 
association , 38  

 UUN excretion , 37  
   Block FFQ , 32  
   Blood glucose 

 carbohydrate , 112  
 CKD , 104, 106  
 diabetes management , 112  
 DM , 103  
 drug elimination , 109  
 ESRD , 125  
 hypoglycemia , 124  
 incretins , 123  
 MI , 107  
 self-monitoring , 107, 124, 126  

   Blood pressure (BP) 
 dietary recommendations 

 JNC 7 , 98  
 KDOQI guidelines , 98–99  

 food groups , 93  
 nutrients and 

 calcium and dairy foods , 95  
 fatty acids , 96  
 magnesium , 95–96  
 potassium , 94–95  
 protein , 96  
 sodium , 94  
 vitamin C , 96–97  

   Blood urea nitrogen (BUN) levels , 64  
   BMI.    See  Body mass index (BMI) 
   Body mass index (BMI) , 53, 105  
   Bone breaths , 50, 52  
   Botanicals , 382  
   Breastfeeding , 295  

    C 
  Calcidiol , 118  
   Calcifi c uremic arteriolopathy 

(CUA) , 253  
   Calcimimetics 

 CaSRs, in parathyroid cells , 263  
 cinacalcet HCl , 263, 264  
 pharmacologic actions , 263  
 PTH , 263  
 serum calcium , 263  
 SHPT , 263  

   Calcium 
 calcitriol levels , 251, 252  
 and dairy foods , 95  
 GI , 262  
 hypocalcemia , 252  
 KDIGO , 255  
 kidneys , 250  
 and phosphorus , 256, 263  
 PTH , 256  

   Calcium oxalate (CaOx) , 362  
   Calcium/phosphorus/vitamin D 

 hemodialysis and peritoneal dialysis , 
183–184  

 NHD/SDHD , 184–185  
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   Calcium-sensing receptor (CaSR) 
 calcimimetics , 263  
 calcium homeostasis , 252  
 kidney function , 251  
 nodular hyperplasia , 252  

   CAM.    See  Complementary and alternative medicine 
(CAM) 

   CAPD.    See  Continuous ambulatory peritoneal 
dialysis (CAPD) 

   Carbohydrate , 309–310  
   Carbohydrate (CHO) management 

 dietary fi ber , 112  
 insulin , 112  
 meal-planning approach , 112  
 MNT , 112, 113  
 PPG , 112  

   Cardiovascular diseases (CVD) 
 aging and CKD risk factors , 337  
 dialysis patients , 224  
 infl ammation , 225  
 long-term care challenges , 209–210  
 reverse epidemiology , 226  
 risk management , 109–110  

   CaSR.    See  Calcium-sensing receptor (CaSR) 
   CER.    See  Comparative effectiveness research (CER) 
   Children.    See  Infancy, childhood and adolescence 
   Cholesterol , 62  
   Chronic kidney disease (CKD) 

 alcohol , 117  
 anemia management , 339  
 angiotensin converting enzyme-inhibitors (ACE-Is) , 8  
 bone disease management , 339  
 causes , 7  
 and CHO management , 112  
 conservative management , 8  
 and CVD , 337  
 CVD risk management , 109–110  
 diabetes   ( see  Diabetes mellitus (DM)) 
 diabetic nephropathy , 337  
 and diagnostic , 104  
 dialysis 

 diet records , 42  
 FFQ , 42  
 patient progresses to ESRD , 8  

 dietary adherence barriers , 406, 407  
 dietary fat recommendations , 116  
 dietitians , 411  
 disorders , 301  
 dyslipidemia , 337  

 dietary recommendations , 141–142  
 pharmacological agents , 144  

 and eGFR , 337  
 energy and weight management 

 IOM , 111  
 KDOQI , 110  
 LBM , 110  
 MREE , 111  
 multiple regression analysis , 111  

 and ESRD , 104, 414  
 etiology , 300  
 falls risks , 338  

 fi ber , 114, 115  
 fl uid 

 control , 128  
 electrolyte and acid-base disturbances , 7  
 retention , 294  

 gastroparesis , 128  
 GI , 112–114  
 glycemic targets , 104  
 and HD , 125  
 HTN management , 104, 109  
 hyperglycemia and potassium , 117  
 hypoglycemia/uremia , 116  
 hypotension , 338  
 KDOQI guidelines , 138  
 macrovascular complication , 107–109  
 malnutrition , 127  
 microvascular complication , 107  
 and MNT   ( see  Medical nutrition therapy (MNT)) 
 mobility limitation, routine evaluation and 

management , 272  
 monitoring glycemic control , 126–127  
 nitrogenous and nonnitrogenous waste products , 7  
 nondialysis 

 block FFQ , 41  
 dietary energy intake (DEI) , 41  
 dietary intake evaluation , 41  
 FFQ , 41  
 Lipid lowering and Onset of Renal Disease 

(LORD) trial , 41  
 NHANES , 41  
 reported dietary protein and energy intake , 40  
 urinary data , 41  

 nutrition management , 409  
 nutritive and non-nutritive sweeteners , 117–118  
 older adults , 337–338  
 pathophysiology, diabetic nephropathy , 104–106  
 patients care , 337  
 and PD , 125–126  
 pediatric non-dialysis , 302  
 pharmacological management, diabetes   

( see  Diabetes mellitus (DM)) 
 phosphate binders , 144  
 physical activity, benefi ts 

 human activity profi le scores , 277–278  
 KDOQI guidelines , 280  
 low level , 276  
 peak oxygen consumption , 276  
 physical frailty , 279  
 poor physical functioning , 278  
 weakness and deconditioning , 278  

 potassium in , 144  
 protein energy wasting , 338  
 protocol , 117  
 psychological and social issues , 423  
 renal osteodystrophy , 117  
 risk factors , 8  
 and RRT , 337  
 serum lipids levels , 138  
 stages 1-4 , 8, 151–152, 161, 291  
 stages 1-4, body weight , 142  
 and T1DM , 104  
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 Chronic kidney disease (CKD) (cont.) 
 and T2DM , 103, 104  
 therapy goals , 107  
 transplantation 

 diet records , 43  
 FFQ , 43  

 vascular dementia , 338  
 vitamin D , 118  

   Chronic kidney disease-mineral and bone disorder 
(CKD-MBD) 

 adynamic bone , 264  
 biochemical markers , 255–257  
 bone biopsy , 254  
 calcimimetics , 263–264  
 defi nition , 248  
 DEXA , 254  
 dialysis therapies , 264  
 dietary modifi cation , 258–262  
 electron beam computed tomography , 254  
 extraskeletal calcifi cation , 248  
 FGF23 , 247, 248  
 GI tract , 248  
 guideline biochemical targets , 248, 249  
 KDIGO , 265  
 manifestations 

 ABD , 253  
 bone disease , 252  
 calcifi cation , 253  
 carpal tunnel syndrome , 254  
 CUA , 253  
 metabolism , 248, 250  
 osteitis fi brosa , 252  
 osteomalacia , 253  
 osteoporosis , 254  
 RO , 252  

 metabolism , 247  
 nutritional vitamin D , 262–263  
 parathyroidectomy , 264  
 pathogenesis , 250–252  
 patient education , 264  
 and PTH , 248  
 radiography , 254  
 renagel and hectorol , 265  
 and RO , 248  
 treatment , 257–258  

   Chronic post-transplant phase , 204–205  
   Circumference measurements and ratios 

 skinfold and , 53–54  
 standardized sites , 50–53  

   CKD.    See  Chronic kidney disease (CKD) 
   CKD-MBD.    See  Chronic kidney disease-mineral and 

bone disorder (CKD-MBD) 
   Cognitive behavior therapy (CBT) 

 behavioral strategies , 418, 419  
 cognitions , 419  
 distortions , 419–420  
 goal setting , 420–421  
 restructuring , 420  

   Comparative effectiveness research (CER) , 429  
   Complementary and alternative medicine (CAM) 

 defi nition , 381  
 therapies , 382–383  

   Complementary medicine.    See  Complementary and 
alternative medicine (CAM) 

   Complications, nephrotic syndrome 
 clinical sequelae , 347  
 etiology , 347  
 hypercoagulability , 347, 348  
 hyperlipidemia , 348  
 infection , 349  
 nutritional depletion , 349  
 progressive renal injury , 348–349  
 proteinuria , 347  
 sodium retention , 347–348  

   Continuous ambulatory peritoneal dialysis (CAPD) , 300  
   Continuous cyclic peritoneal dialysis (CCPD) , 309  
   Continuous renal replacement therapy (CRRT) , 322  
   Corticosteroids , 208  
   Counseling strategies 

 behavior modifi cation and CBT , 418–421  
 CKD , 413  
 dietary and lifestyle choices , 414  
 and ESRD , 413  
 hemodialysis   ( see  Hemodialysis) 
 inquiries and responding, patients , 415–417  
 motivational interviewing   ( see  Motivational 

interviewing) 
 nutrition counseling approaches , 414  
 psychological and social burdens , 413  
 social learning theory and self-effi cacy , 418  
 transtheoretical model , 414–415  
 TTM and CBT , 414  

   C-reactive protein , 63  
   Creatinine , 61–62  
   Creatinine index , 61–62  
   CUA.    See  Calcifi c uremic arteriolopathy (CUA) 
   CVD.    See  Cardiovascular diseases (CVD) 
   Cyclosporine A (CsA) , 205, 207  

    D 
  DASH diet , 97  
   Data analysis, FFQ , 33  
   DEXA.    See  Dual-energy X-ray absorptiometry (DEXA) 
   DHQ.    See  Diet History Questionnaire (DHQ) 
   Diabetes 

 NODAT , 211  
 solid organ transplants , 203  

   Diabetes mellitus (DM) 
 blood glucose , 114, 124  
 CKD   ( see  Chronic kidney disease (CKD)) 
 and ESRD , 124–125  
 and GFR , 115  
 and KDIGO guidelines , 114  
 malnutrition , 115  
 medications targeting 

 amylin mimetics , 124  
 bile acid sequestrants , 124  
 incretin-based therapies , 123  
 insulin resistance , 120–122  
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 meglitinides , 122  
 postprandial glucose , 123–124  
 sulphonylureas , 122  

 oral AHAs , 119–120  
 uremic toxins , 114  

   Diabetic nephropathy 
 early hypertrophy-hyperfunction , 9  
 ESRD , 9  
 incipient nephropathy , 10  
 normoalbuminuria , 9–10  
 overt nephropathy , 10  

   Dialysis 
 BMI steadily , 150  
 calcium/phosphorus/vitamin D , 183–185  
 CKD patients , 281  
 CVD , 116, 126  
 diffi culty, dairy intake , 190  
 educational materials , 189  
 energy , 176–178  
 factors infl uencing nutritional status , 174–176  
 fat-soluble vitamins , 187–188  
 follow-up evaluation , 274  
 GFR , 119  
 glycemic control , 126  
 hemodialysis , 150, 152–153  
 lipids , 185  
 minerals and trace elements , 188–189  
 MNT , 127, 173  
 obesity infl uences mortality , 153  
 peritoneal   ( see  Peritoneal dialysis (PD)) 
 peritoneal catheters , 154  
 physical activity   ( see  Physical activity) 
 potassium , 182–183  
 protein , 179–180  
 RRT , 173  
 sodium and fl uid , 180–182  
 survival , 152  
 types , 174  
 vitamin D defi ciency , 118  
 water-soluble vitamins , 186–187  
 weight gain, peritoneal patients , 150  

   Dialysis Outcomes and Practice Patterns Study 
(DOPPS) , 432–433  

   Diet 
 chronic dialysis population , 141–142  
 CKD stages , 141–142  
 dietary fat, amount and type , 142–143  
 dietary fi ber and plant sterols , 143  
 dietary fl uid and potassium restrictions , 143  
 nutrition labels , 143  
 nutrition prescription, determination , 141–142  
 plant sterols , 143  
 saturated fat , 143  
 simple carbohydrates, replacement , 143  
 soluble and insoluble fi ber , 143  
  trans -fatty acids , 143  

   Dietary adherence 
 behavior change models   ( see  Behavior change 

models) 
 condition-related factors , 408  

 defi nitions , 405–406  
 health-care resources , 406  
 MNT and CKD , 405  
 patient-practitioner relationship , 406  
 patient-related factors , 408  
 social and economic factors , 406–407  
 system-related factors and health-care 

team , 407  
 therapy-related factors , 408  

   The Dietary Approach to Stop Hypertension (DASH) 
study , 140  

   Dietary compliance , 405–406  
   Dietary intake assessment 

 diet history , 26  
 eating patterns and practices , 26, 28  
 evidence 

 biomarkers uses   ( see  Biomarkers) 
 FFQ , 37  
 24-h recall, assessment , 36–37  

 kidney disease settings, applications 
 acute kidney injury , 39–40  
 chronic kidney disease , 40–43  

 methodology 
 body mass index (BMI) , 28  
 dietary guidelines, application , 34–36  
 diet record , 33–34  
 DRIs , 28  
 EAR , 28  
 EER , 28  
 FFQ , 28, 32–33  
 food intake, recollection , 28  
 of groups , 34–36  
 24-h recall   ( see  24-H recall) 
 individuals , 34  
 tolerable upper intake level (UL) , 28  

 practice guidelines, CKD , 27  
   Dietary modifi cation, CKD-MBD 

 calcitriol and paricalcitol , 262  
 calcium intake , 259  
 dialysis treatment , 260  
 dihydrotachysterol 2  (DHT 2 ) , 262  
 doxercalciferol , 262  
 foods and drinks, planning , 314  
 GI tract , 258, 259  
 inorganic and organic phosphorus , 259  
 IOM , 259  
 nutritional therapy , 326  
 nutrition labels , 259  
 phosphate binders , 260, 261  
 phosphorus , 258, 259  
 phytate , 258  
 PTH , 260  
 serum calcium , 260  
 vitamin D , 260, 262  

   Dietary protein , 158  
   Dietary Reference Intakes (DRIs) 

 dietary planning and assessment , 28  
 tube feeding formulas , 236  
 vitamin B1-thiamin , 390  
 voluntary protein intake , 308  
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   Dietary risk factors of kidney stone 
 diuretics , 361  
 environmental conditions , 361  
 hypercalciuria , 361–362  
 hyperoxaluria , 362  
 hypocitraturia , 362–363  
 pH, urine , 361, 363, 364  
 stone formation , 360, 361  
 uric acid , 363  
 urinary crystalloids , 360  
 urine volume , 361  

   Dietary supplements 
 availability and usage , 382  
 CAM , 381  
 defi nition , 382  
 healthcare providers , 385–386  
 and kidney disease , 383–385  
 and kidney dysfunction , 385  
 NCCAM , 381   
  Dietary treatment.    See  Treatment, nephrotic syndrome 

   Diet History Questionnaire (DHQ) , 33  
   Diet record 

 content accuracy , 33  
 crude dietary analysis spreadsheet , 30–31, 33  
 micronutrient , 34  
 multiple-day diet records , 33  
 proprietary nutrient analysis software programs , 34  

   Dihydrotachysterol 2  (DHT 2 ) , 262  
   1,25-Dihydroxyvitamin D , 247  
   DM.    See  Diabetes mellitus (DM) 
   DOPPS.    See  Dialysis Outcomes and Practice Patterns 

Study (DOPPS) 
   DRIs.    See  Dietary Reference Intakes (DRIs) 
   Dual-energy X-ray absorptiometry (DEXA) , 305  
   Dual X-ray absorptiometry (DEXA) , 254  
   Dyslipidemia 

 assessment 
 biochemical , 139  
 nutritional , 140  
 physical , 139–140  

 clinical practice guidelines and recommendations , 
138–139  

 intervention 
 The American Heart Association , 140–141  
 cardiac output and muscle strength , 141  
 dietary   ( see  Diet) 
 physical activity , 141  
 regular exercise , 140–141  
 social support , 141  

 pathophysiology 
 cholesterol , 138  
 lipid components , 138  
 serum triglycerides , 138  

 pharmacological , 144  

    E 
  EAG.    See  Estimated average glucose (EAG) 
   EAR.    See  Estimated average requirement (EAR) 
   EER.    See  Estimated energy requirement (EER) 

   eGFR.    See  Estimated glomerular fi ltration rate (eGFR) 
   End-stage kidney disease (ESKD) , 300  
   End-stage renal disease (ESRD) 

 counseling , 413–414  
 hemodialysis , 271  
 medicare eligibility , 378  
 and PD , 125  
 peak oxygen consumption , 276  
 renal fi ltration, insulin , 125  
 stage 5 , 152–154  
 uremic toxins , 125  
 worsening insulin resistance , 125  

   Energy 
 daily intake , 176  
 hemodialysis , 176  
 NHD and SDHD , 177–178  
 peritoneal dialysis , 176–177  

   Enteral nutrition 
 energy density , 319  
 feeding options, pediatric renal patients , 320, 321  
 GI function , 235  
 intermittent bolus , 321  
 KDOQI guidelines , 319  
 macronutrient , 320  
 micronutrient profi le , 320  
 nonrenal enteral feedings , 320  
 outcomes , 235  
 pediatric guidelines and tolerance , 321, 322  
 protein modulars , 319  
 renal failure , 242  

   ESRD.    See  End-stage renal disease (ESRD) 
   Estimated average glucose (EAG) , 109  
   Estimated average requirement (EAR) , 28  
   Estimated energy requirement (EER) , 28  
   Estimated glomerular fi ltration rate (eGFR) , 337  
   Evidence-based practice , 431–432  
   Evidence-based practice guidelines , 248, 257  
   Exercise 

 benefi ts, in general population , 275–276  
 breathing pattern , 274  
 endurance , 275  
 intensity , 274  
 resistance , 275  

    F 
  Fats and lipid management , 309–310  
   Fat-soluble vitamins , 187–188  
   Fatty acids , 96  
   Fatty kidney , 160  
   FGF23.    See  Fibroblastic growth factor-23 (FGF23) 
   Fibroblastic growth factor-23 (FGF23) 

 biochemical marker , 250  
 dietary phosphorus , 248  
 hormone , 247  
 serum phosphorus levels , 251  
 and SHPT , 250  

   Fluid , 316  
   FNDDS.    See  Food and Nutrient Database for Dietary 

Surveys (FNDDS) 
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   Food and Nutrient Database for Dietary Surveys 
(FNDDS) , 32  

   Food Frequency Questionnaire (FFQ) 
 assessment , 37  
 block FFQ , 32  
 data analysis , 33  
 DHQ , 33  
 Willett FFQ , 32  

   Frailty , 336, 337  
   Frame size , 584  

    G 
  Gastroesophageal refl ux disease (GERD) , 317  
   Gastrointestinal (GI) , 235, 262, 341  
   Gastrointestinal issues , 203  
   Geriatrics 

 barriers to care , 339  
 cognitive impairment , 340  
 CVD , 340  
 dietary sodium modifi cation , 340  
 functional status , 340  
 GI , 341  
 healthcare team members , 341  
 history of hypertension (HTN) , 342  
 multiple comorbidities , 339  
 musculoskeletal system , 340  
 nutritional status , 339  
 resistance training , 341  

   GFR.    See  Glomerular fi ltration rate (GFR) 
   GI.    See  Gastrointestinal (GI); Glycemic index (GI) 
   Global epidemiology of chronic kidney disease (CKD) 

 diagnosis , 12  
 economically developing countries , 13  
 Modifi cation Diet in Renal Disease (MDRD) 

formula , 12  
 NHANES defi nition , 12  
 prevalence , 12  
 RRT access , 12–13  

   Global epidemiology of renal replacement therapy (RRT) 
 CKD patients characteristics , 13–14  
 ERAEDTA registry , 15  
 ESRD cause , 15  
 and gross domestic product , 15  
 modality use 

 hemo-and peritoneal dialysis, patients , 17  
 hemodialysis , 16  
 nephrologists , 16–17  
 paid-donation program , 18  
 peritoneal dialysis (PD) program , 16, 18  
 peritonitis rate , 17  
 therapy expense , 18–19  
 transplantation, cost-effectiveness and survival , 19  
 transplants , 18  

 nutrition, risk factor and key intervention 
 coronary heart disease, development , 20  
 fats, in diet , 19  
 food retail , 20  
 high-energy consumption , 20  
 low birth weight , 20–21  

 obesity , 19  
 protein-energy wasting , 20  

 patients nonacceptance , 14  
 prevalence rate , 15–16  
 registries , 15  
 risk factors, schematic , 14  
 Shanghai Dialysis Registry , 16  
 USRDS data , 15  

   Glomerular fi ltration rate (GFR) , 57, 115, 149, 155, 157, 
159, 251  

   Glomerulonephritis , 296  
   Glomerulosclerosis , 156–157  
   Glomerulus 

 Bowman’s capsule , 4  
 Bowman’s space , 4  
 capillary network , 4  
 composition , 4  
 endothelial cells line , 4  
 glomerular basement membrane (GBM) , 4  
 renal corpuscle , 4  
 slit diaphragm , 4  

   Glucose absorption , 307  
   Glycemic index (GI) 

 and CHO , 113  
 and CKD , 113  
 MNT , 113, 114  
 postprandial blood glucose , 112, 113  
 PPG , 113  
 protocol , 113, 114  

   Growth, linear , 301, 303  

    H 
  HD.    See  Hemodialysis (HD) 
   Height, measurements , 52–53  
   Hemodialysis (HD) 

 calcium/phosphorus/vitamin D , 183–184  
 DM treatment , 125  
 energy , 176  
 lipids , 185  
 nutrition counseling , 422–423  
 potassium , 182  
 protein , 179  
 sodium and fl uid , 180–181  

   Herbs 
 adaptogenic , 384  
 adverse renal effects , 385  
 immune-enhancing potential , 384  
 renal deterioration , 384  

   24-H recall 
 AMPM , 29, 31  
 AND’s Exchange Lists , 29–31  
 assessment , 36–37  
 automated self-administered 24-h 

recall , 29–32  
 combination foods , 29  
 ELMP , 29  
 memory , 29  
 proprietary nutrient analysis software , 29  

   HTN.    See  Hypertension (HTN) 
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   Hypercalciuria 
 cystinuria , 356  
 idiopathic model , 359, 361, 362  
 recurrent stones , 356  
 stone disease , 358, 361  
 urine calcium excretion , 361  

   Hypercoagulability , 347, 348  
   Hyperglycemia 

 AGEs , 106  
 IP , 126  
 nephropathy development , 104  
 post-transplant, problems , 203  
 and potassium , 117  
 vasodilatory prostaglandins , 104  

   Hyperkalemia , 204  
   Hyperlipidemia , 348  
   Hyperoxaluria 

 bariatric surgery , 356  
 CaOx stones , 362  
 kidney stone formation , 356  
 oxalate , 362  

   Hypertension (HTN) , 104, 109, 211  
   Hypoalbuminemia 

 anorexia , 224  
 chronic infl ammation , 224  
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 PTH , 250, 251  
 and SHPT , 251, 252  
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   Stone formation, nephrolithiasis 
 dietary factors 

 acid ash and alkaline ash , 364  
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 calcitriol , 262  
 and calcium , 251  
 DHT 2  , 262  
 FGF23 , 247, 248, 251  
 hyperphosphatemia , 251  
 intoxication , 263  
 PTH levels , 260  

   Vitamin D receptor (VDR) 
 absorption rates , 258  
 downregulation , 248  

Index



478

 Vitamin D receptor (VDR) (cont.) 
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