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Chapter 12
Obesity and Metabolic Syndrome

T. Alp Ikizler and Melis Sahinoz

The number of patients with diabetes and chronic kidney disease (CKD) has been
increasing globally, in line with the rising prevalence of diabetes, driven largely by
obesity. Obesity has become a significant concern in the US and many other
resource-rich countries [1, 2]. In 2017-2018, the age-adjusted obesity prevalence
among U.S. adults was 42.4% [3]. By 2030, it is estimated that about 50% of all
adults in the US will be classified as having obesity [4].

Obesity promotes incident CKD and progression to end stage kidney disease
(ESKD), reducing in the quality of life and life expectancy. Excessive adipose tissue
also negatively impacts the lipid metabolism, blood pressure and glucose control,
leading to cardiovascular disease (CVD). It is important that healthcare providers
understand the mechanisms of kidney disease development and progression in the
setting of obesity and metabolic syndrome.

The Role of Visceral Adiposity

Under normal conditions, adipose tissue is localized in two major areas; about 80%
in the subcutaneous tissue, and approximately 20% surrounding the internal organs
[i.e. visceral adipose tissue (VAT)] [5]. VAT is also more vascular, exhibit increased
sympathetic innervation, have more f3-adrenergic receptors and higher metabolic
activity [5]. Abnormally high accrual of visceral adipose tissue is known as visceral
obesity, which is associated impaired glucose and lipid metabolism, insulin resis-
tance and CVD [6-8].
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Renal Alterations in Obesity

Obesity, specifically visceral adiposity, is a major cause of hypertension, accounting
for 65% to 75% of the risk for human primary hypertension [9]. An almost linear
relationship exists between blood pressure and obesity in all population including
whites, blacks, Hispanics and Asians. In addition, weight loss is shown to reduce
blood pressure in both normotensive and hypertensive individuals who are obese.
Increasing duration of obesity is also shown to exacerbate the obesity-induced
blood pressure increase [10].

In addition to high blood pressure, obesity is associated with multiple hemody-
namic alterations. Excessive adiposity increases blood and extracellular fluid vol-
umes [10] as well as heart rate, cardiac output and venous return predisposing the
heart to left ventricular hypertrophy [11].

In the kidney vasculature, excessive weight gain initially causes renal vasodila-
tion, increased renal blood flow and glomerular filtration rate (GFR). Renal vasodi-
lation in obesity is regulated by multiple factors, including renal compression,
hyperglycemia, high protein intake, and increased blood pressure combined with
impaired renal autoregulation [9]. Increased perirenal and renal sinus fat in obesity
leads to compression of the thin loop of Henle and vasa recta of the medulla. This
compression leads to reduced tubular flow rate and increased sodium absorption in
the nephron. Subsequently, sodium delivery to macula densa decreases, resulting in
feedback-mediated dilation in the afferent arterioles, and increases in the renal
blood flow and GFR [10].

In addition to kidney compression, activation of the renin—angiotensin—aldoste-
rone system (RAAS), renal mineralocorticoid receptor (MR) activation, and sympa-
thetic nervous system activation also lead to excessive sodium reabsorption by the
kidneys in the setting of obesity. [Fig. 12.1]. The resultant increased renal sodium
reabsorption leads to compensatory renal vasodilation which, along with increased
blood pressure, causes increased glomerular hydrostatic pressure and glomerular
hyperfiltration, which may further exacerbate renal injury [10]. Sustained obesity
over time with progressive renal injury aggravates hypertension and increases car-
diovascular risk.

In addition, obesity-related glomerulopathy (ORG), a form of secondary focal
segmental glomerulosclerosis (FSGS), is recognized as a distinct entity that occurs
in the setting of obesity. ORG is characterized by glomerulomegaly, proteinuria,
progressive glomerulosclerosis, and decline in kidney function [12].

Increased Sympathetic Nervous System Activity

Obesity could also lead to elevated blood pressure and renal injury through sympa-
thetic nervous system (SNS) activation. Multiple mechanisms has been shown to
activate SNS in obesity: (1) through impairing baroreceptor reflexes; (2) activating
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Fig. 12.1 The interplay between obesity, hypertension, kidney injury and cardiovascular disease.
SNS sympathetic nervous system, RAAS renin—angiotensin—aldosterone system, MR mineralocor-
ticoid receptor, FFA free fatty acid, /L-6 interleukin-6, TNF-a tumor necrosis factor-o

chemoreceptors in carotid bodies (especially in patients with obstructive sleep
apnea and hypoxemia); (3) activating the central nervous system proopiomelano-
cortin (POMC) pathway through the central actions of leptin secreted by growing
adipocytes [10].

The Role of Adipose Tissue and Kidney Disease

Three types of adipocytes are found in humans; white adipose tissue (WAT), which
constitutes the largest energy reservoir, brown adipose tissues (BAT), which is
responsible for thermogenesis, and beige adipose tissue, that can be induced from
WAT by transdifferentiation or de novo in response to hypothermia or f-adrenergic
stimuli [13]. Brown adipocytes contain large number of mitochondria and uncou-
pling protein 1 (UCP1), which uncouples ATP generation and dissipates energy in
the form of heat [14].

Adipose tissue secretes various bioactive substances and coordinates numerous
metabolic and cardiovascular functions through crosstalk between the adipose and
non-adipose tissues [14]. These bioactive molecules secreted by the adipocytes (i.e.
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adipokines) regulate the adipose tissue microenvironment through local paracrine
effects, as well as the systemic metabolism through endocrine effects.

Adipose tissue exerts its effects on the kidney through the actions of an array of
adipokines and metabolites such as leptin, adiponectin, angiotensin II, tumor necro-
sis factor-a (TNF-a), monocyte chemotactic protein-1 (MCP-1) and transforming
growth factor-beta (TGF-) [15, 16]. The balance between these adipokines medi-
ates the appetite, energy expenditure and glucose metabolism.

Adipocytes and macrophages play pivotal roles in the pathophysiology of the
kidney damage in the setting of obesity. Excess caloric intake leads to expansion of
WAT by either hypertrophy and/or hyperplasia of adipocytes along with develop-
ment of insulin resistance and dysregulation of lipid metabolism [14]. Macrophage
polarization shifts from an anti-inflammatory M2 phenotype to a pro-inflammatory
M1 phenotype promoting chronic inflammation. Combined with dysmetabolism of
adipokines, these factors result in oxidative stress, inflammation and fibrotic trans-
formation in the kidneys and lead to kidney damage.

Conversely, CKD is inherently associated with insulin resistance and inflam-
mation. Insulin resistance of CKD is multifactorial in nature and is linked to
various disturbances in CKD such as physical inactivity, chronic inflammation,
oxidative stress, vitamin D deficiency, metabolic acidosis, anemia, adipokine
imbalance due to reduced clearance of adipokines and hyperinsulinemia due to
reduced insulin clearance [17, 18]. Although the skeletal muscle is the primary
site for insulin resistance in CKD [19], adipose tissue also exhibits insensitivity
to the actions of insulin, which exacerbates the metabolic derangements caused
by obesity and aggravates the renal injury. Furthermore, CKD promotes beiging
of adipose tissue, which favors energy loss and might also worsen the kidney
injury [Fig. 12.2].
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Fig. 12.2 The crosstalk between the adipose tissue and kidneys. TNF' tumor necrosis factor
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Metabolic Syndrome

Metabolic syndrome seems to evolve not as a linear sequence of events but as a
matrix of interconnected pathways that result in multiple abnormalities in various
organs. The pathogenesis of metabolic syndrome in the setting of abdominal obesity
is characterized by several crucial alterations in metabolism; (1) elevated circulating
free fatty acids (FFA), (2) increased intracellular lipid accumulation and insulin
resistance in the adipose tissue, hepatocytes, skeletal myocytes and pancreatic §
cells, (3) reduced functional activity of two insulin-sensitizing adipokines; leptin
and adiponectin, and (4) enhanced macrophage infiltration in the adipose tissue
with release of proinflammatory cytokines [20].

These phenomena originating in the adipose tissue and eventually affecting mul-
tiple tissues generate the clinical picture recognized as metabolic syndrome.
Although there are multiple definitions for metabolic syndrome, the National
Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) is the
most widely used criteria [21, 22]. The presence of any three of the following five
traits is defined as metabolic syndrome: (1) abdominal obesity, defined as a waist
circumference > 102 cm (40 inches) in men and > 88 cm (35 inches) in women; (2)
serum triglycerides >150 mg/dL (1.7 mmol/L) or pharmacologic treatment for ele-
vated triglycerides; (3) serum high-density lipoprotein (HDL) cholesterol <40 mg/
dL (I mmol/L) in men and < 50 mg/dL (1.3 mmol/L) in women or pharmacologic
treatment for low HDL cholesterol; (4) blood pressure > 130/85 mmHg or pharma-
cologic treatment for high blood pressure; (5) fasting plasma glucose >100 mg/dL
(5.6 mmol/L) or pharmacologic treatment for elevated blood glucose [22].

Epidemiological data suggest that metabolic syndrome is an independent risk
factor for incident CKD [23-25]. A stepwise increase in the hazard ratio of CKD
was also observed with a greater number of metabolic syndrome components [23].
In a recent study, changes in the metabolic syndrome status altered the 10-year risk
of CKD development, suggesting that lifestyle modifications may decrease the
prevalence of CKD [24]. While it is not clearly established which component(s)
lead to increased risk for incident CKD, it is likely that multiple mechanisms are in
play predisposing individuals with MS to subsequent kidney disease. Although not
studied in detail, MS could also potentially increase the risk for progression of prev-
alent CKD. Overall, prevention and treatment of MS is likely to be beneficial in
patients with or at risk for kidney disease.

Quantification of Adipose Tissue in Chronic Kidney Disease

Monitoring body composition and fat content accurately is very important and
could be challenging in patients with kidney disease due to inherent abnormalities
in their metabolism. Hence, it is important to know the anthropometric measures
and body composition assessment tools that are used to measure adiposity in
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CKD. BMI is a simple, cheap and widely recognized standard measure to assess
adiposity. The standard adult weight status categories defined by the World Health
Organization (WHO) (<18.5 kg/m?: underweight, 18.5-24.9 kg/m?* normal weight,
25.0-29.9 kg/m?: overweight, and > 30 kg/m?: obese), are also valid in the CKD
population [26]. However, BMI is not an ideal marker of obesity for several reasons
as it cannot differentiate between increased adiposity and muscularity. Also, BMI is
limited in identifying visceral adiposity, the compartment associated with insulin
resistance and atherogenic abnormalities [27]. Waist-to-hip ratio, waist-to-height
ratio, waist circumference, and the conicity index are also used to estimate abdomi-
nal fat depots. Waist-to-hip ratio is associated with cardiovascular events and mor-
tality and is less influenced by muscle and bone mass than BMI. Waist circumference
is also a simple but reliable market of visceral fat and is correlated with cardiovas-
cular disease risk factors. However, the efficacy of the latter two parameters is lim-
ited in peritoneal dialysis patients [5]. Maximum abdominal circumference (MAC),
triceps (TSF) and subscapular skinfolds (SSF), and arm circumference are alterna-
tive methods to assess subcutaneous adipose tissue (SAT), but these measurements
require enough experience and are influenced by fluid status, sex and age. Dual-
energy X-ray absorptiometry (DEXA), bioelectrical impedance analysis, computed
tomography and magnetic resonance imaging are more precise and reliable methods
to estimate body composition in dialysis patients. DEXA is a direct method that is
considered the gold standard for assessing body composition in patients with CKD;
however, it is not readily available and can be influenced by a number of CKD
related factors such as hydration status. In patients on maintenance hemodialysis
(MHD), multi-frequency bioelectrical impedance (MF-BIA) is recommended as the
preferred method to assess body composition [26]. Abdominal magnetic resonance
imaging (MRI) and computerized tomography (CT) may also provide accurate
assessment of the SAT and VAT however, they are not feasible in clinical practice
due to cost and long exploration time.

Treatment

Treatment of metabolic syndrome is focused on weight management and the treat-
ment of cardiovascular risk factors if they persist after lifestyle modifications
[28-30]. Treating obesity with lifestyle modifications or medication slows the
progression of kidney disease and reduces albuminuria [31].

Lifestyle Modifications

Diet with or without exercise is shown to be effective in reducing weight, protein-
uria and blood pressure [32-36]. However, no specific dietary pattern or popular
diet has been observed to be superior to other diets in promoting weight loss in the
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general population or in patients with CKD [37, 38]. Individualized diets based on
patients’ comorbidities and preferences is required to achieve weight loss with the
help of a registered dietitian nutritionist.

Exercise reduces BMI, systolic and diastolic blood pressure, and improves qual-
ity of life in patients with kidney disease [31]. A meta-analysis showed that exercise
was associated with a slight increase in eGFR in non-dialysis CKD patients but this
was limited to studies with a duration of less than 3 months [39]. Diet and exercise
can also improve metabolic profile in overweight or obese stage 3—4 CKD
patients [40].

Drug Therapy

Several medications are approved for weight loss along with diet and exercise.
Table 12.1 summarizes the weight loss medications that can be considered for
patients with kidney disease. Several other medications are either contraindicated in
kidney disease (phentermine-topiramate) or discontinued from the market due to
significant complications (lorcaserin, sibutramine).

Table 12.1 Weight loss medications for patients with kidney disease

Mechanism of
Dosing action Side effects Notes
Orlistat 120 mg TID Inhibits gastric and | Flatulence, fecal Does not require
with meals pancreatic lipase; | incontinence, oily | renal dose
fat malabsorption | rectal leakage adjustment
Bupropion- | 8 mg/90 mg Anorexiant; GI symptoms, Increased creatinine
naltrexone | daily increase to | bupropion headache,
ER 32mg/360 mg | (dopamine/ dizziness,
daily norepinephrine hepatotoxicity, dry
reuptake), mouth, elevated BP
naltrexone (opioid |and HR,
antagonist) palpitations
GLP-1 0.6 mg SC daily | Stimulates insulin | GI symptoms, Use caution when
receptor and weekly secretion, inhibit | decreased appetite, | initiation or
agonist increase to 3 mg | glucagon, regulate | dizziness, escalating dose in
SC daily appetite and calorie | abdominal pain, patients with kidney
intake increased HR, disease:
hypoglycemia, Postmarketing data
increased lipase points to renal
impairment

Data source: US Food and Drug Administration [41]
TID three times daily, ER extended release, G/ gastrointestinal, BP blood pressure, HR heart rate,
GABA gamma aminobutyric acid, GLP-1 Glucagon-like peptide-1, SC Subcutaneous



300 T. A. Ikizler and M. Sahinoz
Bariatric Surgery

Treatment with lifestyle modifications and medications does not always yield satis-
factory results and certain patients may benefit from bariatric surgery. Medicare
requirements for bariatric surgery are BMI > 35 kg/m?, the presence of at least one
obesity-related comorbidity and failed medical treatment of obesity [42]. Roux-
en-Y gastric bypass (RYGB) and sleeve gastrectomy are the two procedures that are
used most frequently [43]. The main mechanisms in promoting weight loss is
reduced hunger. Studies comparing the outcomes in patients who undergo bariatric
surgery with non-surgically treated patients show that bariatric surgery is associated
with a slower eGFR decline and a lower risk of kidney failure [43—45].

Management Obesity in Patients with ESKD

The benefit of weight loss remains controversial in patients with kidney failure.
Data from observational studies indicate higher BMI is protective in patients on
maintenance hemodialysis [46, 47]. However, abdominal adiposity, which is a bet-
ter measure to assess obesity in this population, is associated with higher risk of
death in ESKD [48, 49]. Kidney transplantation, which is associated with improved
survival in ESKD, is usually not offered to patients with severe obesity due to risk
of graft loss and delayed graft function. However, most patients with kidney failure
have trouble in losing weight with lifestyle modifications or medical treatment.
Weight loss in patients on peritoneal dialysis is particularly more challenging due to
increased appetite, glucose load from the dialysate and fluid overload [50]. Bariatric
surgery should be considered in patients with ESKD, who are candidates for kidney
transplantation, given the large benefits of kidney transplantation [51]. However, it
is important to note the risks associated with bariatric surgery, some of which are;
micronutrient deficiencies, hyperoxaluria and increased risk of nephrolithiasis.
Thus, careful evaluation is warranted in selecting patients for bariatric surgery.

Conclusion

The pathogenetic pathways of obesity, hypertension and other elements of the meta-
bolic syndrome are intertwined, all contributing to the renal injury implicated in
metabolic syndrome. Prevention, accurate assessment and effective treatment of
obesity, metabolic syndrome, and diabetes are crucial to prevent the development
and progression of kidney damage and importantly, to reduce cardiovascular mor-
tality in this population. More effective strategies targeting the distinct pathways
involved in the interplay between metabolic syndrome and kidney disease are
required to reduce the cardiorenal, metabolic and other obesity-associated diseases.



12

Obesity and Metabolic Syndrome 301

References

1.

12.

13.

14.

15.

16.

Ogden CL, Fryar CD, Martin CB, Freedman DS, Carroll MD, Gu Q, et al. Trends in obesity prev-
alence by race and hispanic origin-1999-2000 to 2017-2018. JAMA. 2020;324(12):1208-10.
https://doi.org/10.1001/jama.2020.14590.

. Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, et al. Health effects of over-

weight and obesity in 195 countries over 25 years. N Engl ] Med. 2017;377(1):13-27. https://
doi.org/10.1056/NEJMoal614362.

. Hales CMCM, Fryar CD, Ogden CL. Prevalence of obesity and severe obesity among adults:

United States, 2017-2018, NCHS Data Brief, no 360. Hyattsville, MD: National Center for
Health Statistics; 2020.

. Ward ZJ, Bleich SN, Cradock AL, Barrett JL, Giles CM, Flax C, et al. Projected U.S. state-

level prevalence of adult obesity and severe obesity. N Engl J Med. 2019;381(25):2440-50.
https://doi.org/10.1056/NEJMsal1909301.

. Iglesias P, Diez JJ. Adipose tissue in renal disease: clinical significance and prognostic impli-

cations. Nephrol Dial Transplant. 2010;25(7):2066—77. https://doi.org/10.1093/ndt/gfq246.

. Vega GL, Adams-Huet B, Peshock R, Willett D, Shah B, Grundy SM. Influence of body

fat content and distribution on variation in metabolic risk. J Clin Endocrinol Metab.
2006;91(11):4459-66. https://doi.org/10.1210/jc.2006-0814.

. Rhéaume C, Arsenault BJ, Bélanger S, Pérusse L, Tremblay A, Bouchard C, et al. Low cardio-

respiratory fitness levels and elevated blood pressure: what is the contribution of visceral adi-
posity? Hypertension. 2009;54(1):91-7. https://doi.org/10.1161/hypertensionaha.109.131656.

. Shen W, Punyanitya M, Chen J, Gallagher D, Albu J, Pi-Sunyer X, et al. Waist circumfer-

ence correlates with metabolic syndrome indicators better than percentage fat. Obesity (Silver
Spring). 2006;14(4):727-36. https://doi.org/10.1038/0by.2006.83.

. Hall JE, do Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity-induced hypertension: inter-

action of neurohumoral and renal mechanisms. Circ Res. 2015;116(6):991-1006. https://doi.
org/10.1161/circresaha.116.305697.

. Hall JE, do Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity, kidney dysfunction and hyper-

tension: mechanistic links. Nat Rev Nephrol. 2019;15(6):367-85. https://doi.org/10.1038/
s41581-019-0145-4.

. Lavie CJ, Arena R, Alpert MA, Milani RV, Ventura HO. Management of cardiovascular dis-

eases in patients with obesity. Nat Rev Cardiol. 2018;15(1):45-56. https://doi.org/10.1038/
nrcardio.2017.108.

D’Agati VD, Chagnac A, de Vries APJ, Levi M, Porrini E, Herman-Edelstein M, et al.
Obesity-related glomerulopathy: clinical and pathologic characteristics and pathogenesis. Nat
Rev Nephrol. 2016;12(8):453-71. https://doi.org/10.1038/nrneph.2016.75.

Wu J, Bostrom P, Sparks LM, Ye L, Choi JH, Giang AH, et al. Beige adipocytes are a dis-
tinct type of thermogenic fat cell in mouse and human. Cell. 2012;150(2):366-76. https://doi.
org/10.1016/j.cell.2012.05.016.

Zhu Q, Scherer PE. Immunologic and endocrine functions of adipose tissue: implica-
tions for kidney disease. Nat Rev Nephrol. 2018;14(2):105-20. https://doi.org/10.1038/
nrneph.2017.157.

Decleves AE, Sharma K. Obesity and kidney disease: differential effects of obesity on adipose
tissue and kidney inflammation and fibrosis. Curr Opin Nephrol Hypertens. 2015;24(1):28-36.
https://doi.org/10.1097/mnh.0000000000000087.

Cao H. Adipocytokines in obesity and metabolic disease. J Endocrinol. 2014;220(2):T47-59.
https://doi.org/10.1530/joe-13-0339.

. Spoto B, Pisano A, Zoccali C. Insulin resistance in chronic kidney disease: a systematic

review. Am J Physiol Renal Physiol. 2016;311(6):F1087-F108. https://doi.org/10.1152/
ajprenal.00340.2016.

. Pham H, Robinson-Cohen C, Biggs ML, Ix JH, Mukamal KJ, Fried LF, et al. Chronic kid-

ney disease, insulin resistance, and incident diabetes in older adults. Clin J] Am Soc Nephrol.
2012;7(4):588-94. https://doi.org/10.2215/cjn.11861111.


https://doi.org/10.1001/jama.2020.14590
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1056/NEJMsa1909301
https://doi.org/10.1093/ndt/gfq246
https://doi.org/10.1210/jc.2006-0814
https://doi.org/10.1161/hypertensionaha.109.131656
https://doi.org/10.1038/oby.2006.83
https://doi.org/10.1161/circresaha.116.305697
https://doi.org/10.1161/circresaha.116.305697
https://doi.org/10.1038/s41581-019-0145-4
https://doi.org/10.1038/s41581-019-0145-4
https://doi.org/10.1038/nrcardio.2017.108
https://doi.org/10.1038/nrcardio.2017.108
https://doi.org/10.1038/nrneph.2016.75
https://doi.org/10.1016/j.cell.2012.05.016
https://doi.org/10.1016/j.cell.2012.05.016
https://doi.org/10.1038/nrneph.2017.157
https://doi.org/10.1038/nrneph.2017.157
https://doi.org/10.1097/mnh.0000000000000087
https://doi.org/10.1530/joe-13-0339
https://doi.org/10.1152/ajprenal.00340.2016
https://doi.org/10.1152/ajprenal.00340.2016
https://doi.org/10.2215/cjn.11861111

302 T. A. Ikizler and M. Sahinoz

19. DeFronzo RA, Alvestrand A, Smith D, Hendler R, Hendler E, Wahren J. Insulin resistance in
uremia. J Clin Invest. 1981;67(2):563-8. https://doi.org/10.1172/jci110067.

20. Bagby SP. Obesity-initiated metabolic syndrome and the kidney: a recipe for chronic
kidney disease? J Am Soc Nephrol. 2004;15(11):2775-91. https://doi.org/10.1097/01.
Asn.0000141965.28037.Ee.

21. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. Harmonizing
the metabolic syndrome: a joint interim statement of the international diabetes federation task
force on epidemiology and prevention; National Heart, Lung, and Blood Institute; American
Heart Association; World Heart Federation; International Atherosclerosis Society; and
International Association for the Study of obesity. Circulation. 2009;120(16):1640-5. https://
doi.org/10.1161/circulationaha.109.192644.

22. Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults.
Executive summary of the third report of the National Cholesterol Education Program
(NCEP) expert panel on detection, evaluation, and treatment of high blood cholesterol in
adults (Adult treatment panel III). JAMA. 2001;285(19):2486-97. https://doi.org/10.1001/
jama.285.19.2486.

23. Luk AQY, So W-Y, Ma RCW, Kong APS, Ozaki R, Ng VSW, et al. Metabolic syndrome pre-
dicts new onset of chronic kidney disease in 5,829 patients with type 2 diabetes. A 5-year
prospective analysis of the Hong Kong diabetes registry. Diabetes Care. 2008;31(12):2357-61.
https://doi.org/10.2337/dc08-0971.

24. Lee SJ, Lee HJ, Oh HJ, Go T, Kang DR, Kim JY, et al. Metabolic syndrome status over 2 years
predicts incident chronic kidney disease in mid-life adults: a 10-year prospective cohort study.
Sci Rep. 2018;8(1):12237. https://doi.org/10.1038/s41598-018-29958-7.

25. Huh JH, Yadav D, Kim JS, Son JW, Choi E, Kim SH, et al. An association of metabolic syn-
drome and chronic kidney disease from a 10-year prospective cohort study. Metabolism.
2017;67:54-61. https://doi.org/10.1016/j.metabol.2016.11.003.

26. Ikizler TA, Burrowes JD, Byham-Gray LD, Campbell KL, Carrero JJ, Chan W, et al. KDOQI
clinical practice guideline for nutrition in CKD: 2020 update. Am J Kidney Dis. 2020;76(3
Suppl 1):S1-s107. https://doi.org/10.1053/.ajkd.2020.05.006.

27. Després  J-P, Lemieux I. Abdominal obesity and metabolic syndrome. Nature.
2006;444(7121):881-7. https://doi.org/10.1038/nature05488.

28. Grundy SM, Hansen B, Smith SC Jr, Cleeman JI, Kahn RA. Clinical management of meta-
bolic syndrome: report of the American Heart Association/National Heart, Lung, and Blood
Institute/American Diabetes Association conference on scientific issues related to manage-
ment. Circulation. 2004;109(4):551-6. https://doi.org/10.1161/01.Cir.0000112379.88385.67.

29. Rosenzweig JL, Ferrannini E, Grundy SM, Haffner SM, Heine RJ, Horton ES, et al. Primary
prevention of cardiovascular disease and type 2 diabetes in patients at metabolic risk: an
endocrine society clinical practice guideline. J Clin Endocrinol Metab. 2008;93(10):3671-89.
https://doi.org/10.1210/jc.2008-0222.

30. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis
and management of the metabolic syndrome: an American Heart Association/National Heart,
Lung, and Blood Institute Scientific Statement. Circulation. 2005;112(17):2735-52. https://
doi.org/10.1161/circulationaha.105.169404.

31. Chintam K, Chang AR. Strategies to treat obesity in patients with CKD. Am J Kidney Dis.
2020; https://doi.org/10.1053/j.ajkd.2020.08.016.

32. Bolignano D, Zoccali C. Effects of weight loss on renal function in obese CKD patients: a sys-
tematic review. Nephrol Dial Transplant. 2013;28(Suppl 4):iv82-98. https://doi.org/10.1093/
ndt/gft302.

33. Morales E, Valero MA, Le6n M, Hernandez E, Praga M. Beneficial effects of weight loss in over-
weight patients with chronic proteinuric nephropathies. Am J Kidney Dis. 2003;41(2):319-27.
https://doi.org/10.1053/ajkd.2003.50039.


https://doi.org/10.1172/jci110067
https://doi.org/10.1097/01.Asn.0000141965.28037.Ee
https://doi.org/10.1097/01.Asn.0000141965.28037.Ee
https://doi.org/10.1161/circulationaha.109.192644
https://doi.org/10.1161/circulationaha.109.192644
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.1001/jama.285.19.2486
https://doi.org/10.2337/dc08-0971
https://doi.org/10.1038/s41598-018-29958-7
https://doi.org/10.1016/j.metabol.2016.11.003
https://doi.org/10.1053/j.ajkd.2020.05.006
https://doi.org/10.1038/nature05488
https://doi.org/10.1161/01.Cir.0000112379.88385.67
https://doi.org/10.1210/jc.2008-0222
https://doi.org/10.1161/circulationaha.105.169404
https://doi.org/10.1161/circulationaha.105.169404
https://doi.org/10.1053/j.ajkd.2020.08.016
https://doi.org/10.1093/ndt/gft302
https://doi.org/10.1093/ndt/gft302
https://doi.org/10.1053/ajkd.2003.50039

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Obesity and Metabolic Syndrome 303

Navaneethan SD, Yehnert H, Moustarah F, Schreiber MJ, Schauer PR, Beddhu S. Weight loss
interventions in chronic kidney disease: a systematic review and meta-analysis. Clin J Am Soc
Nephrol. 2009;4(10):1565-74. https://doi.org/10.2215/cjn.02250409.

Afshinnia F, Wilt TJ, Duval S, Esmaeili A, Ibrahim HN. Weight loss and proteinuria:
systematic review of clinical trials and comparative cohorts. Nephrol Dial Transplant.
2010;25(4):1173-83. https://doi.org/10.1093/ndt/gfp640.

Look AHEAD Research Group. Effect of a long-term behavioural weight loss intervention
on nephropathy in overweight or obese adults with type 2 diabetes: a secondary analysis of
the Look AHEAD randomised clinical trial. Lancet Diabetes Endocrinol. 2014;2(10):801-9.
https://doi.org/10.1016/s2213-8587(14)70156-1.

Gardner CD, Trepanowski JF, Del Gobbo LC, Hauser ME, Rigdon J, loannidis JPA, et al.
Effect of low-fat vs low-carbohydrate diet on 12-month weight loss in overweight adults and
the association with genotype pattern or insulin secretion: the DIETFITS randomized clinical
trial. JAMA. 2018;319(7):667-79. https://doi.org/10.1001/jama.2018.0245.

Lambert K, Beer J, Dumont R, Hewitt K, Manley K, Meade A, et al. Weight management strat-
egies for those with chronic kidney disease: a consensus report from the Asia Pacific Society
of Nephrology and Australia and New Zealand Society of Nephrology 2016 renal dietitians
meeting. Nephrology (Carlton). 2018;23(10):912-20. https://doi.org/10.1111/nep.13118.
Zhang L, Wang Y, Xiong L, Luo Y, Huang Z, Yi B. Exercise therapy improves eGFR, and
reduces blood pressure and BMI in non-dialysis CKD patients: evidence from a meta-analysis.
BMC Nephrol. 2019;20(1):398. https://doi.org/10.1186/s12882-019-1586-5.

Aydemir N, Pike MM, Alsouqi A, Headley SAE, Tuttle K, Evans EE, et al. Effects of
diet and exercise on adipocytokine levels in patients with moderate to severe chronic kid-
ney disease. Nutr Metab Cardiovasc Dis. 2020;30(8):1375-81. https://doi.org/10.1016/j.
numecd.2020.04.012.

Administration. DFF-ADUSFaD. https://www.accessdata.fda.gov/scripts/cder/dat/. Accessed
22 Dec 2020.

Mechanick JI, Apovian C, Brethauer S, Garvey WT, Joffe AM, Kim J, et al. Clinical practice
guidelines for the perioperative nutrition, metabolic, and nonsurgical support of patients under-
going bariatric procedures — 2019 update: cosponsored by American Association of Clinical
Endocrinologists/American College of Endocrinology, The Obesity Society, American Society
for Metabolic & Bariatric Surgery, Obesity Medicine Association, and American Society of
Anesthesiologists — executive summary. Endocr Pract. 2019;25(12):1346-59. https://doi.
org/10.4158/g1-2019-0406.

Chang AR, Grams ME, Navaneethan SD. Bariatric surgery and kidney-related outcomes.
Kidney Int Rep. 2017;2(2):261-70. https://doi.org/10.1016/j.ekir.2017.01.010.

Chang AR, Chen Y, Still C, Wood GC, Kirchner HL, Lewis M, et al. Bariatric surgery is
associated with improvement in kidney outcomes. Kidney Int. 2016;90(1):164—71. https://doi.
org/10.1016/j.kint.2016.02.039.

Imam TH, Fischer H, Jing B, Burchette R, Henry S, DeRose SF, et al. Estimated GFR
before and after bariatric surgery in CKD. Am J Kidney Dis. 2017;69(3):380-8. https://doi.
org/10.1053/j.ajkd.2016.09.020.

Kalantar-Zadeh K, Rhee CM, Chou J, Ahmadi SF, Park J, Chen JL, et al. The obesity
paradox in kidney disease: how to reconcile it with obesity management. Kidney Int Rep.
2017;2(2):271-81. https://doi.org/10.1016/j.ekir.2017.01.009.

Badve SV, Paul SK, Klein K, Clayton PA, Hawley CM, Brown FG, et al. The association between
body mass index and mortality in incident dialysis patients. PLoS One. 2014;9(12):e114897.
https://doi.org/10.1371/journal.pone.0114897.

Postorino M, Marino C, Tripepi G, Zoccali C. Abdominal obesity and all-cause and cardiovas-
cular mortality in end-stage renal disease. ] Am Coll Cardiol. 2009;53(15):1265-72. https://
doi.org/10.1016/j.jacc.2008.12.040.


https://doi.org/10.2215/cjn.02250409
https://doi.org/10.1093/ndt/gfp640
https://doi.org/10.1016/s2213-8587(14)70156-1
https://doi.org/10.1001/jama.2018.0245
https://doi.org/10.1111/nep.13118
https://doi.org/10.1186/s12882-019-1586-5
https://doi.org/10.1016/j.numecd.2020.04.012
https://doi.org/10.1016/j.numecd.2020.04.012
https://www.accessdata.fda.gov/scripts/cder/daf/
https://doi.org/10.4158/gl-2019-0406
https://doi.org/10.4158/gl-2019-0406
https://doi.org/10.1016/j.ekir.2017.01.010
https://doi.org/10.1016/j.kint.2016.02.039
https://doi.org/10.1016/j.kint.2016.02.039
https://doi.org/10.1053/j.ajkd.2016.09.020
https://doi.org/10.1053/j.ajkd.2016.09.020
https://doi.org/10.1016/j.ekir.2017.01.009
https://doi.org/10.1371/journal.pone.0114897
https://doi.org/10.1016/j.jacc.2008.12.040
https://doi.org/10.1016/j.jacc.2008.12.040

304 T. A. Ikizler and M. Sahinoz

49. Kovesdy CP, Czira ME, Rudas A, Ujszaszi A, Rosivall L, Novak M, et al. Body mass
index, waist circumference and mortality in kidney transplant recipients. Am J Transplant.
2010;10(12):2644-51. https://doi.org/10.1111/j.1600-6143.2010.03330.x.

50. Diaz-Buxo JA, Burgess WP. Is weight gain inevitable in most chronic peritoneal dialysis
patients? Adv Perit Dial. 1992;8:334-9.

51. Krishnan N, Higgins R, Short A, Zehnder D, Pitcher D, Hudson A, et al. Kidney transplanta-
tion significantly improves patient and graft survival irrespective of BMI: a cohort study. Am J
Transplant. 2015;15(9):2378-86. https://doi.org/10.1111/ajt.13363.


https://doi.org/10.1111/j.1600-6143.2010.03330.x
https://doi.org/10.1111/ajt.13363

	Chapter 12: Obesity and Metabolic Syndrome
	The Role of Visceral Adiposity
	Renal Alterations in Obesity
	Increased Sympathetic Nervous System Activity
	The Role of Adipose Tissue and Kidney Disease
	Metabolic Syndrome
	Quantification of Adipose Tissue in Chronic Kidney Disease
	Treatment
	Lifestyle Modifications
	Drug Therapy
	Bariatric Surgery
	Management Obesity in Patients with ESKD

	Conclusion
	References


