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8.1  Introduction

Several epidemiological studies have identified chronic kid-
ney disease (CKD) as a risk factor for cardiovascular disease 
(CVD) and vice versa. However, whether such a complex 
relationship is a causal relationship or a mere epiphenome-
non remains to be established. On the one hand, kidney dis-
ease and cardiovascular disease share a cluster of traditional 
modifiable and non-modifiable risk factors, such as tobacco 
use, obesity, diabetes mellitus (DM), systemic arterial hyper-
tension (HTN) and dyslipidemia. On the other hand, the 
onset of CKD is often associated with findings which have 
been identified as non-traditional cardiovascular risk factors, 
unique to this patient population, such as reduction in esti-
mated glomerular filtration rate (eGFR), micro- or macro- 
albuminuria, anemia in CKD, CKD-Mineral and Bone 
Disorder (CKD-MBD) with vascular calcifications, chronic 
inflammation and protein-energy wasting (PEW), acid-base 
and electrolyte disturbances, and volume overload. Thus, 
eGFR and albuminuria, both of which are independent risk 
factors of CVD, ought to be incorporated into any reliable 
clinical prediction model aimed at quantifying CVD risk. 
Although CVD is the leading cause of death in all CKD 
groups (dialysis, non-dialysis, transplant recipients), most 
major clinical trials aimed at managing CVD or its risk fac-
tors exclude patients with advanced CKD, making an 
evidence- based approach to CVD risk reduction and man-
agement quite challenging. Finally, formulating a roadmap 
that combines non-pharmacological as well as pharmaco-
logical therapeutic strategies to slow down the progression of 
CKD and minimize CVD risk is essential to promote 
survival.

8.2  Epidemiology: The Burden of CKD 
and CVD Traditional Risk Factors

8.2.1  Systemic Arterial Hypertension

In 2013, the World Health Organization (WHO) published 
“A Global Brief on Hypertension”, in which it identifies 
CVD as the most common cause of death among humans, 
claiming about one third of the total mortality burden in our 
species, and resulting in around 17 million deaths annually, 
of which 9.4 million deaths are due to complications of 
HTN. Among patients who died of heart disease, HTN was 
the leading cause of death in at least 45%, and in 51% 
amongst those who died of stroke. Hypertension affects 40% 
of all adults aged 25  years or higher worldwide with the 
highest prevalence being among Africans and in low-income 
countries [1].

In the United States (US), the National Health and 
Nutrition Examination Survey (NHANES) 2011–2012 
reports that 29.1% of adults older than 18 years have HTN, 
17.2% of whom have not been diagnosed and 75.7% were on 
blood-pressure (BP) lowering medications, and a mere 
51.9% had controlled HTN [2].

In patients with stage 1–5 CKD, the prevalence of sys-
temic arterial hypertension exceeds 70% [3–5] and varies 
proportionately with the degree of kidney disease [6]; the 
2015 USRDS-ADR estimates that 74% of NHANES 2007–
2012 participants with stage 1–4 CKD have HTN and as 
many as 84.1% of patients with stages 4–5 CKD having sys-
temic arterial hypertension [7].

8.2.2  Diabetes Mellitus

Similarly, in 2016, the WHO published a “Global Report on 
Diabetes”, in which it reports that DM affects 8.5% of adults 
as of 2014, almost double the 1980 rate and totaling 422 mil-
lions adults worldwide. This rise mirrors the epidemic of 
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overweight and obesity, and it is not confined by geographical 
location or income. In 2012, dys-glycemia directly resulted 
in 3.7 million deaths: DM was directly responsible for 1.5 
million deaths and pre-DM was responsible for the remaining 
2.2 million deaths, with 43% of all these deaths occurring at 
an age less than 70 years [8].

In the US, the 2014 National Diabetes Statistics Report 
estimates that DM affects 12.3% of the adult population 
(28.9 million) of whom around 27.8% have not been 
diagnosed, and a further 36.6% (86 millions) have pre-DM 
of whom around 90% are not aware of their diagnosis and 
without lifestyle modifications 15–30% will progress to DM 
within 5 years [7, 9].

The 2015 USRDS-ADR estimates that 39.2% of 
NHANES 2007–2012 adult participants with stage 1–4 CKD 
have DM [7]. Inversely, DM is the major cause of CKD and 
ESKD worldwide. Kidney disease complicates diabetes in 
25–40% after a course of 20–25 years and around one third 
of those patients develop ESKD requiring renal replacement 
therapy but the majority will die of cardiovascular causes 
before progression to ESKD [10]. The 2015 USRDS-ADR 
lists DM as the primary cause in 43.9% of incident ESKD 
patients. In a cohort of 2097 diabetic participants in the 
NHANES 2009–2014, aged 20  years and over, diabetic 
nephropathy was present in 26.2% with 15.9% having Stage 
A2 or A3 albuminuria and 14.1% having an abnormal eGFR; 
this data projects that as of 2014, 8.2 million Americans have 
diabetic CKD [11].

8.2.3  Dyslipidemia

In its 2015 “Heart Disease and Stroke Statistics” report, the 
American Heart Association (AHA) estimated that 31.7% of 
American adults have a high cholesterol or a high low- 
density lipoprotein, of whom 48.1% are receiving 
pharmacological therapy and only 29.5% have achieved 
optimal control [12, 13].

In patients with CKD, dyslipidemia is common and is 
dependent on severity of CKD stage, degree of urine protein 
excretion, and DM status [14].

8.2.4  Tobacco Use

Data from the 2014 NHANES survey reveals that 16.8% of 
adults age 18 years and over are active tobacco users [15] 
and tobacco use ranks second amongst all causes of deaths 
and disability and third for death from coronary heart disease 
[13]. Great progress has been made in the fight against 
tobacco use and rates have steadily declined over the past 
decades; however, such advances may be threatened by 
e-tobacco use and e-cigarettes, potential risks and benefits of 
which are being actively researched.

8.2.5  Obesity

In the aforementioned 2016 WHO “Global Report on 
Diabetes”, the report also highlighted that more than 1 in 3 
adults worldwide were overweight and more than one in ten 
were obese in 2014 [8]; with a calculated rise in the age- 
standardized global mean body mass index (BMI) by 0.4 kg/
m2 in men and by 0.5 kg/m2 in women per decade between 
1980 and 2008 [16].

In the US, DM affects 9.3% of the population (29.1mil-
lion as of 2012) of whom 27.8% have not been diagnosed 
[9]; 70.7% of adults age 20 years and higher are overweight 
or obese: 32.8% overweight and 37.9% obese (2013–2014 
data) [17].

8.2.6  Exercise

The 2014 NHANES survey show that 49.2% of Americans 
adults (≥18 years) met the 2008 Federal Physical Activity 
Guidelines for leisure-time aerobic physical activity (but 
only 20.8% met the guidelines for both aerobic physical and 
muscle-strengthening activity. For aerobic physical activity, 
the weekly recommendation is for 150  min of moderate- 
intensity exercise, or 75  min of high-intensity, or some 
combination, and most favorably spread over many week-
days. For muscle-strengthening, the weekly recommendation 
is to exercise all muscle groups in a moderate- to high-
intensity workout at least twice a week [18].

8.2.7  CKD

CKD affects about 10% of adults worldwide. In the US, 10% 
of adults have CKD (more than 20 million people), with the 
rising incidence and prevalence being almost all concentrated 
in individuals aged 60  years or more; approximately one 
third of diabetic patients have CKD and about one fifth of 
hypertensive patients have CKD [19]. Worldwide, there are 
huge disparities in the access to CKD care, in fact, care is 
limited in its majority to the developed world; 80% of 
patients with end stage kidney disease (ESKD, Stage 5D 
CKD) who are receiving renal replacement therapy (RRT) 
live in the developed world where the cost of RRT is most 
likely to be subsidized [20].

8.3  CKD: Definition, Stages and Causes

CKD refers to an abnormality in kidney function or structure 
that persists beyond a period of 3 months. Such abnormalities 
manifest in one or more of the following clinical biomarkers: 
(1) a relative rise in serum creatinine with a resultant 
reduction in the eGFR (2) micro- or macro-albuminuria (3) 
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microscopic or macroscopic/gross hematuria (4) abnormal 
urine sediment (e.g. cellular elements, casts or crystals) (5) 
urinary system structural abnormalities detected by imaging 
studies (e.g. congenital anomalies, cysts, stones) (6) acid- 
base or electrolyte imbalances reflecting renal tubular disease 
(7) abnormal results confirmed by a kidney biopsy [21].

8.3.1  KDIGO eGFR and Albuminuria 
Categories

In 2012, the Kidney Disease: Improving Global Outcomes 
(KDIGO) CKD Work Group recommended a CKD 
prognostic classification that adds the level of urine albumin 
excretion rate to the 2002 National Kidney Foundation 
(NKF) Kidney Disease Outcomes Quality Initiative (K/
DOQI) definition and staging of CKD based on the eGFR. Six 
categories of eGFR (mL/min/1.73 m2 BSA) (G1 ≥ 90, G2 
60–89, G3a 45–59, G3b 30–44, G4 15–29, G5  <  15) and 
three categories of albuminuria based on the urinary albumin-
to- creatinine ratio (ACR, mg Albumin/g Creatinine) 
(A1 < 30, A2 30–300 also known elsewhere in the literature 
as micro- albuminuria, A3  >  300 also known as macro-
albuminuria) are described. This system incorporates 
mounting evidence of the deleterious effects of a higher 
urine albumin excretion rate and helps predict and classify 
the patient’s risk of CKD progression into the following 
categories: low risk, moderately increased risk, high risk and 
very high risk (Fig. 8.1) [21]; an example of such evidence 
comes from the Multiple Risk Factor Intervention Trial 
(MRFIT) team, who identified a 41-fold increased risk of 
progression to ESKD amongst individuals with an eGFR 
<60  mL/min per 1.73  m2 and ≥2+ dipstick proteinuria, 
amongst 12,886 men with high CVD risk and followed for a 
period of 25  years [22]. For example, a patient with an 

estimated GFR of 58  mL/min/1.73  m2 BSA and a urine 
albumin excretion rate of 358  mg albumin/ g creatinine 
would be classified as having stage 3 (G3a A3) CKD and has 
a “very high risk” of CKD progression.

8.3.2  Prevalence of CKD by eGFR 
and Albuminuria Category

The 2015 USRDS-ADR estimates the prevalence of CKD 
in the 2007–2012 NHANES samples at 13.65% amongst 
adults aged 20  years and over with the 4.18% having 
category G1 CKD, 2.95% having category G2 CKD, the 
biggest cluster of 5.90% having category G3 CKD, 0.48% 
having category G4 CKD and only 0.14% having category 
G5 CKD [7]. Among all 1988–2012 NHANES 
participants, 90.8% had category A1 albuminuria 
(70.7%  <  10  mg albumin/g creatinine and 20.1% 
10–29  mg/g), 7.8% had category A2 albuminuria, and 
1.4% had category A3 albuminuria. Adopting the 2012 
KDIGO prognostic classification, 86.2% of the 2007–
2012 NHANES participants were classified as low risk 
CKD, 9.8% as moderately increased risk CKD, 2.3% as 
high risk CKD, and 1.7% as very high risk CKD.  As 
mentioned earlier, CKD affects the elderly much more 
than it does the young; for example, in an Italian cohort 
of 4574 patients, <1% of individuals aged 18–24 had 
Stage 3–5 CKD compared to an excess of 30% for 
individuals aged 75 years or older [23].

8.3.3  Most Common Causes of CKD

Amongst incident ESKD patients, DM was the primary 
cause in 43.9%, HTN in 28.7%, glomerulonephritis in 7.5%, 

Fig. 8.1 (a) Cardiovascular disease mortality by age, race, and gender 
in the general population and in dialysis patients. Cardiovascular mor-
tality is defined as death due to arrhythmias, cardiomyopathy, cardiac 
arrest, myocardial infarction, atherosclerotic heart disease, and pulmo-
nary edema. Data from the general population are from the National 

Center for Health Statistics multiple cause of mortality files 1993. Data 
from dialysis patients include hemodialysis and peritoneal dialysis 
combined from USRDS 1994–1996. (Reprinted with permission from 
National Kidney Foundation Task Force on Cardiovascular Disease 
[252])
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cystic kidney diseases in 2.1%, and other or unknown in 
17.8% [7]. Among 2007–2012 NHANES participants with 
ND-CKD, DM was present in 39.2% of patients and HTN in 
31% [7].

8.3.4  CKD Awareness and CKD Lifetime Risk

CKD awareness remains a problem just as is seen with HTN 
and type 2 diabetes (DMT2). Only 44.2% of 2001–2012 
NHANES participants were aware of their stage 4 CKD, 8.4% 
of their stage 3 CKD, 5.0% of their stage 2 CKD and 3% of 
their stage 1 CKD.  It is also important to note that 
epidemiological studies have shown that African Americans 
have three times the risk of progression to ESKD when 
compared to whites, and Hispanics 1.5 times the risk when 
compared to non-Hispanics; both male and female African-
Americans have a significantly higher lifetime risk of stage 4 
CKD and stage 5 CKD than Caucasians, and they develop 
ESKD around 15 years earlier than Caucasians [24]. It is no 
surprise then that the highest adjusted incidence and prevalence 
of ESKD is present amongst Black/African Americans; 
Hispanics had a higher incidence at 1.4 when compared to 
non-Hispanics. African Americans, Asians, Pacific Islanders, 
and Native Americans all had a higher incidence and 
prevalence of EKSD than Caucasians [7].

8.3.5  Therapeutic Options for ESKD

As CKD progresses, patients with stage 5 CKD are started 
on renal replacement therapy (RRT) when a clinical 
indication arises; usually this occurs when the eGFR is 
below 10  mL/min/1.73  m2 BSA and occasionally when 
below 15 mL/min/1.73 m2 BSA, and it is at this point that a 
patient is said to have ESKD. The most superior form of 
RRT is kidney transplantation, which offers the best 
survival rates and quality of life especially with pre-emptive 
kidney transplantation; however, with the shortage of organ 
supply in the face of increasing demand, dialysis (in-center 
or home hemodialysis HD, peritoneal dialysis PD) remains 
a valuable life-saving form of therapy albeit an inferior 
one. Short of a clinical indication, there is no known benefit 
for early versus late start of RRT with dialysis in patients 
with stage 5 CKD [25]. The 2015 USRDS-ADR reports 
that as of 2013, there were 116,990 incident patients with 
ESKD who received RRT (88.4% initiated HD, 9.0% 
initiated PD, 2.6% received pre-emptive kidney 
transplantation) and a total of 659,869 prevalent Americans 
with ESKD (63.9% on HD, 6.9% on PD, 29.3% with a 
functioning kidney transplant) [7].

8.3.6  Referral to Nephrology

Unfortunately, up to 38% of incident ESKD patients in 2013 
received minimal or no nephrology care at all prior to 
initiation of RRT [7].

8.4  CKD Biomarkers: Estimating GFR 
and Quantifying Urinary Protein 
Excretion

Screening for CKD must be aimed at patients with a high pre-
test probability, namely individuals with DM, HTN, aged over 
55 years or a relevant positive family history [26]. A timely 
nephrology referral is strongly recommended for any patient 
with stage 3–5 CKD or stage 2–3 albuminuria, in other words 
any patient who has a risk of progression other than low as per 
the 2012 KDIGO risk classification (Fig.  8.2). For such a 
timely referral, it is essential to use the eGFR rather than the 
serum creatinine, since the latter seems to lead to an 
underestimation of the severity of CKD [27].

The 2002 National Kidney Foundation Kidney Disease 
Outcomes Quality (NKF K/DOQI) definition and the 2012 
KDIGO prognostic classification of CKD created a shift in 
clinical practice in the new millennium, which made eGFR 
mathematical models the point of focus for quantifying 
CKD. Many major laboratories in the US currently report an 
eGFR, marking a decline in the use of reciprocal serum 
creatinine and the timed (classically 24-h) urine Creatinine 
clearance (UV/P).

8.4.1  Estimated Glomerular Filtration  
Rate eGFR

Creatinine (Cr) remains the major measured serum bio-
marker used by many such models (eGFRcr models) but it 
has its limitations; for example, Cr is dependent on muscle 
mass and dietary protein intake, and while Cr is freely fil-
tered at the glomerular level, it is also secreted by the proxi-
mal tubular cells and estimating the secretion rate is not 
uniformly reliable. Cystatin C (Cys-C) provides an alterna-
tive measured serum biomarker, which is not affected by 
muscle mass or dietary protein intake, giving it an advanta-
geous edge over Cr in certain populations, such as the elderly 
or those afflicted with neuromuscular disease. Cys-C has 
also been used by mathematical models to estimate GFR 
(eGFRcys models), while a third set of mathematical models 
combines both serum biomarkers (eGFRcr-cys).

The best mathematical model to calculate the eGFR, 
currently based on measured serum biomarkers Cr or 
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Cys-C or both, must minimize bias (difference between 
the population mean of a set of calculated eGFRs and the 
true GFR) while maximizing precision (measures random 
error or degree of variability amongst calculated eGFRs) 
and accuracy (measures systematic errors and the overall 
difference between calculated eGFRs and the true GFR); 
usually, the true GFR is measured by urinary clearance of 
125I-iothalamate which remains the gold standard. At this 
time, there does not seem to be one model where “one 
size fits all”. The most commonly used mathematical 
models which have been validated in clinical practice and 
research are: (1) the Modification of Diet in Renal 
Disease (MDRD) Study equation, (2) the Chronic Kidney 
Disease Epidemiology Collaboration (CKD- EPI) 
equation and (3) maybe to a lesser extent the Cockcroft- 
Gault equation.

The CKD-EPI equation performs better than the MDRD 
equation, and provides an eGFR which is more accurate and 
reflective of the true GFR, in patients with normal kidney 
function or Stage 1–2 CKD [28]. Thus, it should be adopted 
as the equation of choice in the general population; using 
the MDRD equation in the general population would result 
in a falsely high prevalence of CKD and misclassification of 
patients by CKD stage [29]. Both formulae are comparable 
in stages 4–5 CKD. Both these eGFRcr models are limited 
in subjects with altered body habitus (such as the obese, 

muscular bodybuilders, amputees and the pregnant), in 
individuals on a special diet such as vegetarian or vegan 
diets or those who consume large amounts of meat, in 
patients with a chronic illness such as malnutrition or 
neuromuscular diseases and in patients who are on 
prescription medications that compete with tubular 
creatinine secretion such as trimethoprim [30]. In such 
individuals, it is recommended to estimate the creatinine 
clearance by two separate 24-h urine collections or to use 
eGFRcys models.

8.4.2  Spot or Random Albumin  
to Creatinine Ratio (ACR)

An ACR, or a random protein to creatinine ratio (PCR), have 
become the most commonly used methods to quantitate 
urinary protein excretion and both have been validated 
against the gold-standard timed or 24-h urine collection for 
protein. The ACR or PCR urine sample is much more 
conveniently and quickly collected and cheaper than a timed 
sample; however, the latter has the advantage of more 
reproducible results with less variability in time, less concern 
for the timing of sample collection, providing additional 
clinical pearls such as quantitation of daily fluid and sodium 
and urea/protein and intake. A 24 h urine collection remains 

Prognosis of CKD by GFR
and Albuminuria Categories:

KDIGO 2012
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the most reliable clinical tool in pregnant women, morbidly 
or extremely obese, or when making major clinical decisions 
[31, 32].

8.4.3  Other Biomarkers

Numerous other biomarkers have been evaluated over the 
years such as urinary kidney injury molecule 1 (KIM-1), 
urinary liver–type fatty acid–binding protein (L-FABP), and 
neutrophil gelatin-associated lipocalin (NGAL), but they 
have a very limited current evidence-based established role 
in the wider clinical practice arena.

8.5  Relationship Between CKD and CVD: 
The CKD-CVD Connection

Cardiovascular disease (CVD) is the leading cause of death 
in patients with non-dialysis CKD, dialysis CKD as well as 
in kidney transplant recipients. CKD and CVD are intricately 
related; the overlap in risk factors makes the task of separating 
these two disease clusters rather difficult, if not impossible. 
Furthermore, the number of CVD risk factors increases 
proportionately with the severity of CKD; in fact, all patients 
with Stage 4–5 CKD have at least two or more CVD risk 
factors [33]. Not all facets of the CKD-CVD connection are 
well-understood.

8.5.1  CKD as a Sentinel for CVD Risk

Both biomarkers of CKD, reduced eGFR and abnormal uri-
nary albumin excretion, are risk factors for ESKD as well as 
CVD morbidity and mortality [26, 34].

Albuminuria has been validated as a surrogate end point 
for the progression of CKD and it is estimated that a 30% 
reduction in the urinary albumin excretion results in a 
23.7% reduction in the risk of progression to ESKD [35]. 
Similarly, Albuminuria has also been validated as an 
independent risk factor for cardiovascular and all-cause 
mortality [36–38]; it is a predictor of CVD and all-cause 
mortality in patients with DM or HTN, and even in non-
diabetic normotensive individuals [39, 40]. For example, in 
a cohort of patients who had elective percutaneous coronary 
angiogram and revascularization, 11% of patients with 
macro-albuminuria (stage A3) met the primary endpoint of 
cardiac death or myocardial infarction after a median 
follow-up period of 1564  days, compared to 8% in the 
micro-albuminuria group (stage A2) and 3% in the normal-
albuminuria group (stage A1) (p-value 0.004) [41]. 
Furthermore, a reduction in the rate of urine albumin 
excretion decreases the risk of CVD [42].

Reduced eGFR, especially at levels less than 60  mL/
min/1.73  m2, has also been validated as an independent 
cardiovascular and all-cause mortality risk factor [36, 37, 
43–45] and a patient with CKD is 16–40 times more likely 
to die than to reach ESKD, with the risk of CVD and death 
increasing proportionately with worsening stage of CKD 
[19, 46, 47]. For example, CKD is associated with a higher 
risk of mortality, estimated at 51%, 1 year after a myocardial 
infarction (MI), when compared to a 36% mortality risk in 
non- CKD patients [48]; the two-year mortality rate is 43% 
for non-CKD patients, 54% for CKD Stage 1–2 patients and 
70% for Stage 4–5 patients [7]. Amongst patients who have 
their first acute myocardial infarction (AMI), there was a 
graded and proportionate association between eGFR 
decline/CKD stage, even when the CKD was mild/Stage 2, 
and risk of all-cause mortality, cardiovascular mortality, 
myocardial re-infarction, HF, cardiac arrest, or stroke [49]. 
Thus, CKD with a reduced eGFR, is a coronary heart disease 
risk equivalent, which means that a stage 3–5 CKD patient 
has a 10-year risk of coronary death or MI equivalent to that 
of patient who has already had an MI (>20%) [50]. Many 
guidelines currently incorporate risk stratification and risk 
calculators to guide initiation of a certain pharmacological 
therapy; thus, eGFR and albuminuria ought to be 
incorporated into any novel clinical prediction model aimed 
at quantitating and treating CVD risk in any patient with 
CKD [51]. Hardly any risk calculators have incorporated 
eGFR or urine albumin excretion rate at this time in their 
prediction models; for example, the only calculator that 
does so is the Joint British Societies (JBS3) risk calculator, 
which uses the presence or absence of CKD as a prediction 
variable in their model, but does not account for the stage/
severity of CKD or albuminuria [52].

8.5.2  CVD Phenotypes in CKD

CVD in the CKD population can manifest as one of several 
phenotypes such as left ventricular hypertrophy (LVH), acute 
MI or atherosclerotic heart disease (AHD), heart failure 
(HF), valvular disease, atrial fibrillation, pulmonary 
hypertension, sudden cardiac death due to a cardiac arrest or 
an arrhythmia, or cerebrovascular accident (CVA). There are 
several pathophysiologic pathways that may explain the 
CKD-CVD connection, and fortunately, kidney 
transplantation not only stops but also reverses many of these 
processes.

 1. There is accelerated obstructive AHD with a staggering 
5–20 fold increased risk compared to non-CKD 
individuals, 38–62.5% of incident ESKD patients starting 
dialysis have established coronary artery disease (CAD) 
and 36% have HF [53–55]. In a prospective cohort of 24 
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incident HD patients, a surveillance coronary angiogram 
after 1  month of initiating HD showed that 62.50% 
(15/24) had AHD/CAD and 45.8% had multi-vessel 
disease (4/24 or 16.7% had single vessel disease, 5/24 or 
20.8% had two- vessel disease, and 6/24 or 25.0% had 
three-vessel disease) with 46.9% of the lesions detected 
being complex and 29.0% being diffuse [56].

Furthermore, coronary yellow plaques in patients with 
CKD seem to occur more frequently [57] and to be 
different in composition from non-CKD patients and have 
thin-cap fibroatheromas with more calcium and cholesterol 
crystals with a higher risk of thrombogenicity, plaque 
rupture [58] and intra-plaque hemorrhage and neo-
angiogenesis [59].

When DM and CKD coexist, the cumulative risk for 
CVD mortality is additive, with CKD being the major 
contributor for the risk accrued. In NHANES III 
participants, CKD with eGFR category G3-G5 or stage 
2–3 albuminuria was present in 9.4% of those with no DM 
and in 42.3% of those with DMT2; the 10-year cumulative 
all-cause mortality was 7.7% in participants without either 
condition, 11.5% in participants with DMT2 but no CKD, 
and a staggering 31.1% in patients with both DMT2 and 
CKD, with similar trends whether the mortality is 
cardiovascular or not [60].

 2. CKD patients are at risk of development of systolic and 
diastolic dysfunction and secondary complications such 
as HF. CKD is associated with structural and functional 
myocardial changes such as LVH and cardiac fibrosis 
with a secondary decline in left ventricular (LV) function 
and in myocardial tolerance to ischemia.

Many risk factors, such as anemia, elevated BP and vol-
ume overload, conglomerate to result in LVH in patients with 
CKD.  Importantly, LVH (or an increased left ventricular 
mass index, LVMI) is an independent predictor of all-cause 
mortality, cardiovascular-mortality and cardiovascular events 
such as HF, ischemic heart disease, cardiac arrhythmias and 
sudden cardiac death [61, 62] and it is the most common 
phenotypical abnormality in ESKD [63].

The CRIC study investigators evaluated serial echocar-
diograms in a total of 190 patients with stage 4–5 non- 
dialysis CKD initially upon enrollment, and later after 
progression to ESKD requiring RRT (HD or PD) (mean time 
between 2 echocardiograms 2  years), and detected an 
increase in systolic dysfunction reflected by a significant 
decline in LVEF but no significant change in LVH or LVMI 
[64]. In a cohort of 254 asymptomatic patients with ESKD 
on dialysis therapy, 26–48% had evidence of systolic 
dysfunction assessed by abnormal myocardial contractility 
on echocardiography (e.g. LVEF) [65].

Finally, the increased risk of diastolic dysfunction mea-
sured by an E/A ratio on echocardiography in CKD patients 
predicts HF risk in the is population; HF risk increases by 
two-fold when E/A ratio is less or equal to 0.75 compared to 
a ratio of 0.75–1.5 [62].

 3. CKD patients have enhanced vascular calcification and 
stiffness due to arterial medial smooth muscle cell 
calcifications; they also develop atherosclerotic, plaque, 
neo- intimal calcification, a finding also proportional to 
the severity of CKD [55]. These abnormalities may 
manifest with a wide pulse pressure, treatment-resistant 
HTN or isolated systolic HTN. The finding of calcified 
atherosclerotic lesions in large-conduit arteries and the 
increased stiffness of large capacitive arteries gain 
significant clinical relevance as contributors to CVD and 
predictors of mortality in CKD patients [63].

For example, in a cohort of patients aged 30–65  years 
with non-dialysis CKD, increased coronary-artery 
calcification (CAC) risk was detected in patients with stage 
3–5 CKD but not stage 1–2 CKD; the CAC risk was most 
pronounced, a substantial nine-fold higher, among diabetics 
with stage 3–5 CKD when compared to diabetics with no 
CKD [66]. Total CAC score predicted the number of affected 
coronaries, and single-vessel CAC score predicted the degree 
of stenosis [67]. As to ESKD requiring dialysis (HD or PD), 
a cohort of young patients (age 7–30 years) detected a high 
CAC score by electron-beam computed tomography (EBCT) 
in patients who were older than 20 years or who had a higher 
dialysis vintage (p < 0.001) when compared to healthy con-
trols; for example, 87.5% (14 out of 16) of patients aged 
20–30 years had CAC which was progressive, but none of 
those younger than 20 years had CAC [68]. CAC score is an 
independent predictor of mortality amongst patient with 
ESKD on dialysis [69, 70], but not in patients with mild to 
moderate CKD [71].

Based on the current evidence, using an EBCT CAC score 
as a sole diagnostic tool to predict or diagnose AHD may 
have a role in the general population or non-dialysis patients, 
but has no current role in patients with ESKD on dialysis due 
to a low accuracy, a significant variability in sensitivity/
specificity depending on the CAC score cutoff chosen, and 
failure to correlate with the severity of coronary stenosis 
[72–74].

 4. Acute or chronic inflammation, increased oxidative stress, 
and protein energy wasting are prevalent in patients with 
CKD and are associated with a sequence of undesirable 
events such as endothelial dysfunction and protein- calorie 
malnutrition; biomarkers of inflammation and 
malnutrition have been shown to correlate with CVD risk 
or mortality risk [75–77].
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For example, in a cohort of 840 patients with stage 3–5 
CKD (eGFR 12–55, 96% non-diabetic) followed over a 
median duration of 125 months, a C-reactive protein (CRP) 
level at 3 mg/L or more was an independent risk factor for 
cardiovascular mortality and independently predicted a 56% 
increase in all-cause mortality; while serum albumin was not 
an independent risk factor for cardiovascular mortality, each 
0.1 g/dL increment independently predicted a 6% decline in 
for all-cause mortality [76]. Similarly, patients with ESKD 
on hemodialysis have CRP levels that are 5–10 times higher 
than non-CKD controls [78], and a CRP level exceeding 
10 mg/L at three or 6 months or on both occasions after ini-
tiation of hemodialysis was associated with a higher cardio-
vascular as well as non-cardiovascular mortality when 
compared to patients with a normal CRP over a five-year 
followup, the risk was highest in patients who had an ele-
vated CRP on both occasions [79].

Many inflammatory biomarkers have been evaluated in 
CKD patients over the years, such as homocysteine, fibrino-
gen, ceruloplasmin, pro- and counter-inflammatory cyto-
kines, CRP, and ESR, but their role in clinical practice 
remains very limited.

 5. In patients with stage 3–5 CKD, there is an increased risk 
of sudden cardiac death that is proportional to the severity 
of CKD [80].

8.5.3  CVD in ESKD + RRT

The most striking association between CKD and CVD can 
be illustrated in patients with EKSD on RRT with dialysis, 
where CVD accounts for 53.1% of mortality and is attributed 
to sudden cardiac death (cardiac arrest, arrhythmia) in 37%, 
acute MI and AHD in 6.7%, HF in 5.8%, CVA in 3.1% and 
other cardiac causes in 0.5% [7]. Furthermore, the risk of 
pulmonary hypertension increases proportionately with dial-
ysis vintage [53, 54].

ESKD and dialysis seem to be associated with an addi-
tional flurry of increased CVD risks such as the aforemen-
tioned AHD, LV changes, repeated cardiac stress and 
ischemia in patients receiving HD, autonomic dysfunction, 
steep electrolyte and volume shifts, uremic ambience, all of 
which may contribute to this significantly increased risk of 
sudden cardiac death and cardiovascular mortality [81, 82]. 
For instance, ESKD patients with no evidence of any signifi-
cant coronary occlusive disease, experience repetitive myo-
cardial ischemia during hemodialysis, evidenced by sharp 
global as well as segmental reductions in myocardial blood 
flow, and some of these reductions are associated with 
regional wall motion abnormalities [83]. Finally, a patient 

with ESKD on dialysis who develops a first AMI, has an all- 
cause mortality risk of 59.3% at 1 year, 73.0% at 2 years, and 
89.9% at 5 years, and a cardiac mortality risk of 40.8% at 
1 year, 51.8% at 2 years and 70.2% at 5 years [84].

Based on this evidence, it is worth noting that a unique 
and atypical cardiovascular risk profile (e.g. intermittent and/
or chronic volume overload, aberrant mineral metabolism, 
cardiovascular including valvular and coronary calcifica-
tions, chronic inflammation and malnutrition) in patients 
with ESKD on RRT with dialysis outcompetes the traditional 
cardiovascular risk factors responsible for CVD in non- 
dialysis CKD and non-CKD patients, and likely accounts for 
the excessive mortality in this patient group. This may also 
offer an explanation as to why standard pharmacological 
agents used for CVD secondary prevention, such as HMG- 
CoA reductase inhibitors, have a very limited benefit, if any, 
in patients with ESKD.

8.6  Diagnostic Challenges of CVD in  
CKD Patients

8.6.1  Atypical Clinical Manifestation of CVD

A major challenge in the CKD population is that the clinical 
manifestations of CVD are different and atypical, they may 
be subtle or not apparent at all, and this often leads to missed 
or delayed diagnosis.

For example, patients with Stage 3b-5 CKD are 3.82 
times more likely to manifest their AHD suddenly with an 
AMI rather than with any typical warning symptoms of 
angina (e.g chest or arm or shoulder or neck pain) when 
compared to patients with a normal eGFR [85], and were 
more likely to experience shortness of breath than non-CKD 
patients [86].

Similarly, in a retrospective analysis comparing 3049 
patients with ESKD on HD to 534,395 matching non- 
dialysis patients, all of whom were hospitalized and diag-
nosed with an AMI during their hospital stay, an admission 
diagnosis of AMI was missed in 44.8% of dialysis patients 
compared to 21.2% of the non-dialysis group, the typical 
symptom of chest pain was a presenting symptom in 44.4% 
of dialysis patients and 68.3% of the non-dialysis group, 
and finally the typical electrocardiographic abnormality of 
ST segment elevation was present in 19.1% of dialysis 
patients and 35.9% of the non-dialysis group [87]. In one 
cohort of 24 patients with incident EKSD starting HD, the 
presence of significant occlusive AHD was confirmed by 
coronary angiogram in 53.8% of patients without any symp-
toms (and in 72.7% of those with symptoms) [56].
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8.6.2  Cardiac Biomarkers and Diagnostic 
Tools

Another challenge is that some standard non-invasive car-
diac diagnostic tools have been validated in the general pop-
ulation to detect a CVD rooted in traditional risk factors, but 
may not offer any adjustments for the non-traditional risk 
factors and thus may be of limited utility in this population.

Cardiac biomarkers, routinely used to assist in the diagno-
sis of AMI or HF may be elevated in asymptomatic patients 
with CKD due to reduced eGFR and clearance or structural 
heart disease rather than true myocardial damage or fluid 
overload, thus reducing their diagnostic specificity. Despite 
such observations, numerous studies have validated high- 
sensitivity cardiac troponin T and natriuretic peptides as bio-
markers that enhance CVD prediction in CKD patients [88].

 – In a cohort of 18 asymptomatic hemodialysis patients, 
72% had at least one high creatinine kinase (CK) and 
88–100% had at least one elevated MB isoenzyme (CK- 
MB) levels when serial testing was done over a 36-month 
period [89].

 – A rising level of cardiac troponin followed by a later 
decline, along with a suggestive clinical picture is highly 
suggestive of an acute coronary syndrome in patients 
with CKD; in contradistinction, a persistent and stable 
high level of cardiac troponin is more consistent with a 
“troponin leak” due to volume overload, or structural 
heart disease due to poorly controlled HTN or systolic/
diastolic dysfunction or LVH [90]. It must be noted, how-
ever, that a steady troponin T elevation is associated with 
an increased risk of cardiovascular as well as all-cause 
mortality in asymptomatic dialysis-CKD patients; said 
mortality risk is incremental and starts at levels equal to 
or exceeding 0.01 ng/mL and patients with a level exceed-
ing 0.10 ng/mL have double the mortality rate of patients 
with a lower level. Troponin I is less reliable in the CKD 
patient population due to variable cut-off values in clini-
cal trials and lack of unified assay standardization [74].

In a systematic review of the role of troponin in patients 
with non-dialysis CKD (ND-CKD) and suspected ACS, the 
sensitivity and specificity were 71–100% and 31–86% 
respectively for troponin T, and 43–94% and 48–100% for 
troponin I. Elevated levels of either isozyme predicted higher 
risk for cardiac events and short-term mortality; only elevated 
troponin I predicted long term mortality, it also carried a 
worse prognosis in patients with advanced CKD [91].

A similar review in patients with CKD but without sus-
pected ACS reported that an elevated troponin level in dialy-
sis patients carried an increased risk for cardiovascular as 

well as all-cause mortality. An elevated troponin T was asso-
ciated with an adjusted hazards ratio of 3.0 for all-cause mor-
tality and 3.3 for cardiovascular mortality, an elevated 
troponin I was associated with an adjusted hazards ratio of 
2.7 for all-cause mortality and and 4.2 for cardiovascular 
mortality. Similar findings were reported in ND-CKD 
patients [92].

• As far as stress testing, stressing the myocardium with 
exercise may not be possible in some patients, and use of 
electrocardiogram (ECG) may be hindered by baseline 
abnormalities in others. For example, in a cohort of 30 
patients with Stage 5 CKD about to start RRT, who were 
asymptomatic and had no cardiac or anginal symptoms 
or prior MI, subclinical and occult significant AHD 
(more than 50% narrowing in 1 or more coronary arteries) 
was detected by coronary angiography in 53.3% (16/30, 
10/16 had single-vessel disease, 4/16 had two-vessel 
disease, 2/16 had three-vessel disease) of the patients; 
five patients had >90% luminal narrowing and underwent 
dipyridamole stress cardiac scintigraphy with a sensitivity 
of 40% (two patients had a positive test and three had a 
negative test) [93].

Similarly, amongst 45 kidney-transplant candidates with 
ESKD who had screening for AHD with dipyridamole single 
photon emission computed tomography (SPECT) thallium 
imaging and with a coronary angiogram, the latter diagnosed 
significant AHD (more than 50% narrowing in 1 or more 
coronary arteries) in 42% of the patients; thallium imaging 
had a lower sensitivity (37%) than in the control non-ESKD 
population, falsely diagnosed seven patients with AHD 
(negative coronary angiogram for any stenosis >50%), and 
most significantly missed diagnosing AHD (detected by 
coronary angiogram) that resulted in five out of the six 
cardiac deaths during the study followup duration of 
25 months [94].

In 66 asymptomatic hemodialysis patients who had simul-
taneous high-dose dipyridamole and symptom-limited exer-
cise stress echocardiography and stress myoview, combined 
pharmacological and exercise echocardiography had a 92% 
accuracy (sensitivity 86%, specificity 94%) at detecting 
myoview cardiac ischemia, and both tests were accurate 
(echocardiography 84%, myoview 91%) at detecting CAD 
confirmed by an angiogram [95].

A meta-analysis confirmed that among kidney transplant 
candidates, with diabetic or non-diabetic ESKD, a positive 
myocardial perfusion study, either dobutamine stress 
echocardiography (DSE) or a nuclear myoview with thallium 
scintigraphy, predicted an increased risk of AMI (RR 2.73) 
and of cardiovascular mortality (RR 2.92) [96].
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Finally, a 2012 “American College of Cardiology 
Foundation (ACCF)/American Heart Association (AHA)” 
scientific statement for “Cardiac Disease Evaluation and 
Management Among Kidney and Liver Transplantation 
Candidates” pooled data from clinical trials which compared 
results of cardiac stress testing (DSE or MPS) to coronary 
angiography findings in patients with stage 5 CKD 
(GFR < 15 mL/min/1.73 m2 or dialysis) and calculated that 
DSE had a sensitivity of 44–89% and a specificity of 
71–94%, MPS had a sensitivity of 29–92% and a specificity 
of 67–89% for identifying at least one coronary occlusion of 
70% or more. The statement concludes that DSE may be 
“somewhat superior” [74].

As mentioned earlier, the use of EBCT CAC score has 
no established role at this time as a stand-alone diagnos-
tic tool in assessing cardiovascular risk in patients with 
CKD [74].

8.6.3  Underutilization of Evidence-Based 
Therapeutic Interventions

A further challenge is that CKD patients with CVD tend to 
be historically under-treated; for example, patients with 
Stage 3b-5 CKD who had an AMI were less likely to receive 
pharmacological therapy with anti-platelet agents, beta- 
blockers or HMG CoA-reductase inhibitors or coronary re- 
vascularization than others [49]. Although a more recent 
analysis of trends in providing evidence-based care for CVD 
shows an improvement in all CKD stages, underuse of 
evidence- based pharmacological therapy remains a signifi-
cant problem [97].

Similarly, patients with ESKD on dialysis who are diag-
nosed with an AMI are less likely have coronary reperfusion 
interventions due to eligibility exclusions based on parame-
ters such as contraindications to thrombolytic therapy, kid-
ney failure or a poor quality of life. They were also less likely 
to have coronary bypass graft surgery or to receive standard 
pharmacological therapy than non-dialysis patients [87].

8.6.4  Therapeutic Interventions Have 
a Lower Success Rate

Yet another challenge is that patients with CKD have less 
successful outcomes and higher mortality than non-CKD 
patients, and this may discourage healthcare providers from 
pursuing invasive cardiac diagnostic and therapeutic 
interventions.

For example, in a cohort of 5244 patients with ST-elevation 
acute MI (STEMI) who underwent primary percutaneous 
coronary intervention (PCI) found that patients with lower 
eGFR had a higher mortality rate and were less likely to 

achieve desired angiographic outcomes such as post- 
intervention TIMI flow grade or ST-segment elevation reso-
lution [98].

Similarly, studying temporal trends shows that among 
12,087 patients diagnosed with acute MI between 1985 and 
2008, although patients with stage 4–5 CKD had a decline in 
30-day mortality over the two decades studied reflecting 
improved MI care, the outcomes for these patients remained 
quite poor: median survival was only 1.8 years for patients 
with stage 4–5 CKD, compared with 8  years for stage 3 
CKD, 15 years for stage 2 CKD, and 20 years for normal 
kidney function [97].

8.6.5  Delaying Diagnostic and Therapeutic 
Interventions Over Concerns 
of Contrast Nephropathy

A final challenge is the timing of a coronary angiogram, 
when indicated for diagnostic or therapeutic purposes in 
patients with CKD; many a time, the angiogram is put off 
over concerns of AKI and worsening CKD.

The European Renal Best Practice (ERBP) guidelines for 
managing patients with diabetic stage 1-3a CKD recommend 
that a clinically indicated coronary angiogram should not be 
delayed for concerns over contrast induced nephropathy 
(CIN) .

CIN is the end result of contrast induced tubular toxic-
ity, intense vasoconstriction and tubular as well as medul-
lary ischemia, and oxidative stress [99]. Risk factors for 
CIN include pre-existing CKD, DM, effective arterial vol-
ume depletion especially in patients on diuretics, HF and 
reduced LVEF, hypotension and age. Prevention of con-
trast nephropathy after a coronary angiogram is a constant 
cause for nephrology consultations. Thus, several predic-
tion models have been devised and validated but none 
reported their impact on clinical decision-making or 
patient outcomes [100]. Strategies to prevent contrast 
induced nephropathy include isotonic fluid resuscitation 
with sodium bicarbonate or normal saline to maintain opti-
mal effective arterial volume and avoid volume depletion, 
using iso-osmolal contrast agents, minimizing the volume 
of contrast used and avoiding repetitive administration 
over a short time-frame, oral N-acetylcysteine, and an oral 
statin [101]. Furthermore, it may be advisable to stop 
RAAS inhibition 1–3 days before the administration of the 
contrast; a pilot study Cerebrolysin Asian Pacific trial in 
acute brain injury and neuro recovery (CAPTAIN trial) in 
patients with moderate CKD (serum creatinine ≥1.7 mg/
dL within 3  months or creatinine ≥1.5  mg/dL within 
1 week prior to angiogram) demonstrated a non- significant 
reduction in CIN and a significantly lower rise in serum 
creatinine after the angiogram [102].
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8.6.6  Guidelines

The 2012 American College of Cardiology Foundation 
(ACCF)/American Heart Association (AHA) scientific 
statement for “Cardiac Disease Evaluation and Management 
Among Kidney and Liver Transplantation Candidates” 
recommends that asymptomatic advanced-CKD patients 
who are enlisting for a kidney transplant be risk stratified and 
considered for non-invasive cardiac stress testing accordingly, 
even if they have a functional status equal to or exceeding 4 
metabolic equivalent tasks (METS); with a recommendation 
to proceed with such testing if the patient has three or more 
of the following risk factors: age over 60  years, dialysis 
vintage exceeding 1 year, prior history of CVD, LVH, DM, 
HTN, dyslipidemia, and active tobacco use.

This guideline echoes prior recommendations from the 
2007 report of the Lisbon conference, the 2005 NKF/KDOQI 
Guidelines, 2001 American Society of Transplantation 
(AST) Guidelines, and the 2000 ERBP, with one difference 
that the NKF/KDOQI and the AST recommend periodic 
stress testing in all diabetic patients irrespective of lack of 
any symptoms.

The scientific statement did not find adequate evidence to 
make a recommendation for repeated and periodic testing for 
myocardial ischemia while on the kidney transplant waiting 
list.

The statement found it reasonable to perform an echocar-
diogram to evaluate for pulmonary hypertension, and if pres-
ent, to investigate for secondary causes; if right ventricular 
systolic pressure exceeds 45 mmHg then a right heart cathe-
terization is warranted and if pulmonary HTN is confirmed 
than referral for advanced vasodilator therapy ought to be 
initiated [74].

8.7  Management of Traditional CVD Risk 
Factors in CKD

8.7.1  Blockade of the Renin Angiotensin 
Aldosterone System

Aberrations in the systemic or local renin-angiotensin- 
aldosterone system (RAAS) accelerate AHD, HTN, 
inflammation, promote the development of metabolic 
syndrome at the center of which are insulin resistance and 
obesity [103] while at the same time accelerating eGFR 
decline and urinary albumin excretion rates. Angiotensin II 
(Ang II) and aldosterone play an important role in the genesis 
and progression of both CKD and CVD.

Pharmacological therapy with RAAS blockade in the 
CKD patient population reduces the rate of albumin 
excretion, decelerates the progression of CKD, and thus the 
development of ESKD; while observational studies also 

report a resultant reduction in all-cause and cardiovascular 
mortality rate, a systematic review detected such a trend but 
the benefits did not meet statistical significance [104].

Most best practice guidelines recommend an angiotensin 
converting enzyme inhibitor (ACEi) or an angiotensin II 
receptor blocker (ARB) as first line antihypertensive therapy 
for systemic arterial hypertension, including patients with 
non-dialysis CKD, micro- or macro-albuminuria, and 
secondary prevention of cardiovascular disease such as HF 
and CAD.

8.7.1.1  RAAS Inhibition in ESKD
In patients with dialysis-CKD receiving RRT, therapy with 
an ACEi or an ARB, results in a progressive regression in 
LVH, as assessed by left ventricular mass index (LVMI) 
[105, 106]; long term use of ARB (>365 days) significantly 
reduces the incidence of major cardiovascular events 
(including AMI, CAD requiring coronary stenting or 
percutaneous transluminal coronary angioplasty (PTCA), 
peripheral artery disease (PAD) requiring PTCA, and acute 
CVA among dialysis- CKD patients with no prior history of a 
major cardiovascular event and protective effect was directly 
proportional to the cumulative prescription days of ARB.

ACEi or ARB therapy in patients receiving RRT with con-
tinuous ambulatory peritoneal dialysis (CAPD) provides a 
significant and similar benefit on preserving residual kidney 
function with long-term therapy (≥12 months) with wither 
class; however, one randomized controlled trial (RCT) 
pooled in this meta-analysis evaluated the effect of ACEi 
therapy on cardiovascular events and mortality when 
compared with other anti-hypertensive agents and reported 
no significant differences [107]. The results of this meta- 
analysis are concordant with prior published literature [108].

In conclusion, we recommend the initiation of RAAS 
inhibition with an ACEi or an ARB in patients with ESKD 
receiving HD or PD for antihypertensive therapy, prevention 
of major cardiovascular events, and preservation of residual 
kidney function. Aldosterone receptor antagonism (ARA) 
may be added for patients with treatment resistant 
hypertension (TRH) or with reduced LVEF (<35%).

8.7.1.2  RAAS Inhibition in Kidney Transplant 
Recipients

In kidney transplant recipients, the use of RAAS inhibition is 
usually preserved for the intermediate (1–4 months) and late 
(≥4 months) post-transplant period and avoided in the early 
post-transplant period (first month) due to the increased risk 
of hyperkalemia and worsening kidney allograft function 
[109, 110].

Therapy with an ACEi (captopril) or an ARB over a period 
of 27 months was associated with significant reductions in 
GFR, hematocrit and urinary protein excretion [110], but 
there was a paucity of evidence evaluating the long-term 
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effect of RAAS inhibition on allograft survival, cardiovascular 
events or all-cause mortality.

Finally, therapy with ARB in patients with Interstitial 
fibrosis/tubular atrophy (IF/TA), a major cause of kidney 
transplant allograft loss, resulted in a significant decrease in 
the volume of the cortical interstitium when compared to 
placebo, but this pathological benefit failed to translate into 
any clinical endpoints on secondary analysis, namely time to 
a composite endpoint of doubling of serum creatinine, ESKD 
or death. However, there was a trend towards decreased 
incidence of all-cause ESKD with AIIT1RA therapy [111].

In conclusion, we suggest the use of RAAS inhibition 
with an ACEi or an ARB in kidney transplant recipients in 
the late post-transplant period, and in the intermediate post- 
transplant period if a compelling indication arises, for 
antihypertensive therapy, prevention of major cardiovascular 
events, slowing down progression of CKD, and proteinuria. 
ARA may be added for patients with treatment resistant 
hypertension (TRH) of with reduced LVEF (<35%).

8.7.1.3  CKD and Acute MI or HF
The use of an ACEi (Captopril) within 3–16 days after an 
acute myocardial infarction MI in patients whose LVEF was 
≤40% and whose serum creatinine was <2.5 mg/dL reduced 
risk of future cardiovascular events [112].

In patients with HF due to decreased LVEF or valvular 
disease, there is a state of chronic renal hypoperfusion in the 
setting of an increased overall extracellular fluid volume; 
counter-regulatory adaptive mechanisms to restore perfusion 
result in neurohormonal activation of the RAAS, sympathetic 
nervous system and anti-diuretic hormone, the end result 
being more sodium and water retention and further volume 
expansion.

In patients with HF, kidney dysfunction portends a worse 
long-term prognosis with higher hospitalization rate [113] 
and a higher cardiovascular as well as all-cause mortality and 
the risk rises with the severity of the kidney disease [114, 
115] with a 7% increase in mortality for every eGFR 
decrement of 10 mL/min per 1.73 m2 of body-surface area 
[116]. The renal impairment is a more powerful predictor of 
mortality in patients with advanced HF than the LVEF or 
New  York Heart Association (NYHA) class [117] and its 
validity as a prognosticator does not change whether the HF 
is due to systolic or diastolic dysfunction [118]. Similarly, 
renal impairment predicts a higher all-cause mortality and 
cardiovascular mortality as well as recurrent myocardial 
infarction in patients who had an acute myocardial infarction 
especially with an eGFR <45 per 1.73 m2 of body-surface 
area [112, 119].

In patients with clinically diagnosed HF and angiographic 
evidence of coronary artery disease (CAD), ACEi reduces 
mortality at 12-months in patients with stage 1–2 CKD but 
not in those with more advanced CKD stage [120]. However, 

other trials have shown a survival benefit with ACEi in 
patients with HF across all strata of creatinine clearance and 
CKD stage [118].

In summary, ACEi are essential for secondary cardiovas-
cular prevention in patients with HF and/or reduced LVEF; 
they help optimize cardiac function, decrease mortality as 
well as hospitalization rate. Furthermore, evidence from the 
Randomized Aldactone Evaluation Study (RALES) trials 
supports adjunctive aldosterone receptor antagonist therapy 
with spironolactone to decrease mortality and morbidity in 
patients with severe HF and a LVEF <35% [121]; similarly, 
the EMPHASIS-HF Study Group reported that adjunctive 
eplrenone therapy decreased mortality and morbidity in 
patients with NYHA class II HF and LVEF<35% [122].

8.7.1.4  Dual RAAS Blockade
While dual or multi-level RAAS blockade offers further low-
ering of BP as well as further reductions in urine albumin 
excretion rate, it may be associated with symptomatic 
hypotension and a higher risk of hyperkalemia and/or AKI 
[123].

 1. The Cardiorenal end points in a trial of aliskiren for type 
2 diabetes (ALTITUDE) investigators evaluated the 
impact of adjunctive aliskiren therapy added to ACEi or 
ARB on cardiovascular and renal outcomes in patients 
with systemic arterial hypertension, DMT2 and with 
diabetic nephropathy (micro- or macro-albuminuria) or 
cardiovascular disease or both, stage 3 CKD, aged 
35 years or older, and reported that addition of aliskiren 
resulted in a (statistically non-significant) trend with an 
increase in adverse primary composite outcome of 
cardiorenal events, secondary composite outcome of 
cardiovascular and renal events, and all-cause mortality; 
more patients in the treatment group experienced an 
adverse event and subsequently discontinued the direct 
renin inhibition (DRI) (p < 0.001) with he most encoun-
tered complications being hyperkalemia, acute kidney 
injury and hypotension. Dual therapy was associated with 
lower BP and urinary protein excretion rate [124].

 2. The Renal outcomes with telmisartan, ramipril, or both, 
in people at high vascular risk (ONTARGET) investigators 
showed a significant increase in the primary renal 
outcome (dialysis, doubling of serum creatinine, death) 
and secondary renal outcomes (dialysis, doubling of 
serum creatinine) and a significant decline in GFR 
(−6.11 mL/min, p < 0.0001) amongst patients with CAD, 
PAD, cerebrovascular disease or DM with target-organ 
damage who received dual therapy [125, 126].

 3. A meta-analysis of thirty-three RCTs evaluated the 
impact of long-term (> 1 year) dual RAAS blockade with 
an ACE-i and an ARB versus monotherapy on all-cause 
as well as cardiovascular mortality, and concluded that 
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there was no benefit of dual blockade over monotherapy 
for either endpoint. Dual therapy resulted in a significant 
decrease in HF hospitalization rate (18% reduction), but 
there was a significantly higher risk of hyperkalemia 
(55% increase), hypotension (66% increase), AKI (41%) 
and adverse events leading to withdrawal of therapy (27% 
increase). Subgroup analysis showed a significantly 
higher risk of AKI with dual therapy in patients with HF 
as compared to those without HF, and a higher all-cause 
mortality in patients without HF when compared to those 
with HF [127].

 4. The risk-benefit of dual versus single RAAS blockade in 
patients with albuminuria or stage 3–5 CKD was evalu-
ated in a meta-analysis of fifty-nine RCTs, and reported a 
statistically significant reduction in urinary albumin 
excretion rate with dual blockade, as well as a higher suc-
cess rate at achievement of blood pressure goal; however, 
dual blockade was associated with a statistically signifi-
cant reduction in GFR and a higher rate of hypotension 
and hyperkalemia and had no effect on mortality rates 
[128].

 5. The addition of spironolactone to an ACEi or an ARB, in 
patients with proteinuric stage 1–3 CKD, over a period of 
2–20 months, reduced the degree of proteinuria and SBP 
but had no effect on cardiovascular outcomes or on the 
rate of progression to ESKD; it had a less well defined 
effect on eGFR but it increased the risk of hyperkalemia 
and gynecomastia. Individual trials report similar results 
with eplerenone; addition of eplerenone, too, increased 
risk of hyperkalemia but there was no risk of gynecomas-
tia [129].

 6. The addition of a DRI or an ARB or and ARA to ACEi- 
based conventional therapy in patients with HF and its 
impact on mortality and cardiovascular event rate was 
evaluated in a meta-analyses of 16 RCTs (31,429 
patients) over a period of 3 months. Only additional aldo-
sterone receptor antagonists, and not DRI or an ARB, 
significantly reduced the risk of all-cause mortality, car-
diovascular mortality, HF hospitalization but there was 
an increase in the rate of hyperkalemia. The addition of 
an ARB increased the rate of hyperkalemia, AKI and 
hypotension; additional DRI increased risk of hypoten-
sion [130].

In summary, while most trials report reduction in BP and 
urinary excretion rates, and in view of the increased risks of 
AKI, hyperkalemia, and symptomatic hypotension associ-
ated with dual or multilevel RAAS blockade, dual RAAS 
blockade should be preserved for clinical use where evidence 
rather than theory exists. Its major use is in patents with HF 
and reduced LVEF where aldosterone receptor antagonists 
offer a survival benefit [131].

8.7.2  Blood Pressure Control, Goals 
and Choice of Pharmacological Agents

HTN is a major CVD risk factor and is the second most com-
mon cause of ESKD; on the other hand, it is also a complica-
tion of CKD. Achieving BP goals is one of the cornerstones 
of any therapeutic plan aimed at primary and secondary pre-
vention of CVD risk as well as slowing down the progression 
of CKD. One cannot over-emphasize that achieving goal BP, 
in itself, is a more important and reno-protective end-point 
than the choice of the BP lowering class or agent. However, 
the main challenge lies in the nuances of determining the 
ideal BP goal for different patient groups, such as patients 
with CKD of different stages, stage A2-A3 albuminuria, DM 
status, patients with AHD, elderly patients, ethnicity, etc…

8.7.2.1  Exclude Secondary Causes
As mentioned earlier, CKD is a cause as well as a complica-
tion of HTN. An evaluation for secondary causes of HTN, 
when warranted, must be pursued. For example, obstructive 
sleep apnea (OSA) is an under-diagnosed contributor to 
hypertension which may need to be evaluated when a clinical 
index of suspicion arises or if the patient has treatment- 
resistant hypertension.

8.7.2.2  What Is the Optimal BP Goal?
Non-pharmacological lifestyle modifications and pharmaco-
logical interventions should target a BP less than 140/90 mm 
Hg in all patients (regardless of age) with stage 1–5 CKD or 
DM according to Joint National Committee 2014 evidence- 
based guideline for the management of high blood pressure 
(JNC8) [132], and to levels less than 130/80 mm Hg in the 
presence of micro- or macro-albuminuria as per the 2012 
KDIGO Clinical Practice Guideline for the Management of 
Blood Pressure in Chronic Kidney Disease [133]. A 2014 
ERBP position statement endorsed the KDIGO guidelines 
for the management of BP in CKD patients [134].

While, the optimal level of blood pressure control in different 
patient populations continues to evolve, it is widely acceptable 
that controlling blood pressure (BP) to levels <140/90 mmHg 
has kidney as well as cardiovascular protective effects; as men-
tioned earlier, lower target BP levels have been recommended 
for patients with CKD, proteinuria >1 g per day, and cardiovas-
cular disease. For example, the SPRINT research group evalu-
ated the impact of two different systolic BP (SBP) goals on 9361 
high cardiovascular-risk non-diabetic patients over a period of 
3.26 years and reported that the group with more intensive SBP 
control (121.4 mm Hg versus 136.2 mm Hg) had a significantly 
lower all-cause mortality and a lower rate of the primary com-
posite end point of AMI, other acute coronary syndromes, CVA, 
HF and death from cardiovascular disease. However, there was 
a significantly higher rate of hypotension, syncope, AKI, elec-
trolyte abnormalities in the intensive treatment group [135].
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8.7.2.3  Home BP Logs
All patients with HTN must be empowered and encouraged 
to keep a daily home BP log, which will assist the health care 
provider in evaluating the patient for white-coat hypertension 
as well as masked hypertension, and thus avoid a lot of 
potential complications of missing either diagnosis. This 
useful tool may also keep the patient engaged and involved 
in their care plan and may assist in achieving desired BP 
goals.

Home BP logs will also assist in the diagnosis of white 
coat hypertension as well as masked hypertension. A 
persistent discordance between home BP logs and office BP 
measurements should trigger a referral for 24 h ambulatory 
BP monitoring (ABPM).

8.7.2.4  Non-pharmacological Therapeutic 
Strategies

Non-pharmacological therapy consists of lifestyle modifica-
tions aimed at [132]:

 1. Adopting the Dietary Approaches to Stop Hypertension 
(DASH) diet which combines low-sodium, fruits and 
vegetables and low fat dairy products,

 2. Weekly aerobic physical activity for 150 min of moderate- 
intensity exercise every week or 75 min of high-intensity, 
or some combination, and most favorably spread over 
many week-days,

 3. Muscle-strengthening aiming to exercise all muscle 
groups in a moderate- to high-intensity workout at least 
twice a week,

 4. Moderate alcohol use (not to exceed one standard drink 
for women and two for men per day),

 5. Weight regulation (goal BMI 20–25 kg/m2) and
 6. Tobacco cessation.

8.7.2.5  Pharmacological Therapy
The ideal pharmacological agent to be used ought to help 
achieve BP goal, offer cardiovascular protection, reduce 
urine albumin/protein excretion rate, and slow down the 
progression of CKD all at the same time while being 
maximally tolerated by patients and having minimal adverse 
reactions.

Both ACEis and ARBs are recommended by many best- 
practice guidelines, as first line antihypertensive therapy for 
systemic arterial hypertension in patients with CKD (with 
the strongest evidence for benefit being in those with micro- 
or macro-albuminuria) and secondary prevention of cardio-
vascular disease such as HF and CAD, regardless of race, 
age, or diabetes status. Recommendations for use as first line 
therapy were made by the JNC 8 [132], KDIGO [133], 

National Kidney Foundation K/DOQI [136], American 
College of Physicians (ACP) [137], and ERBP [134] guide-
lines for treatment of systemic arterial hypertension in 
CKD. Such inhibition reduces albuminuria and slows down 
progression of CKD, with a BP-independent effect which 
offers more protection than can be accounted for by BP low-
ering alone. However, the bulk of clinical evidence at the 
core of these guidelines applies to patients with stages 1–3 
CKD or with micro- or macro-albuminuria; evidence is 
scarce regarding its role in stages 4–5 CKD or patients with 
normal urinary albumin excretion rate [138].

In the kidney, AngII is a potent vasoconstrictor with 
preferential vasoconstrictive effects on the glomerular 
efferent arteriole; this effect plays a physiologic role in 
maintaining normal hydrostatic and glomerular filtration 
pressures. RAAS inhibition with an ACEi or an ARB, 
results in a more marked glomerular efferent arteriolar dila-
tation, which in turn, reversibly reduces the hydrostatic and 
glomerular filtration pressures. Thus, it is quite expected, as 
well as desirable, that such RAAS inhibition may result in a 
reversible rise in the serum creatinine and subsequently a 
decline in the eGFR; it is widely acceptable that such a 
change is not to exceed 30% from baseline within the first 
2–4 weeks after initiation of therapy, especially when opti-
mal BP goals are achieved. The magnitude of such a change 
in GFR and serum creatinine becomes more prominent 
clinically in patients with (1) decreased effective arterial 
blood volume due to conditions such as excessive diuresis, 
or low forward cardiac output due reduced left ventricular 
ejection fraction (LVEF), valvular disease, or heart failure 
(HF), and (2) adaptive glomerular hyper-filtration due to 
CKD or diabetic nephropathy where this compensatory 
effect is blunted by glomerular afferent arteriolar vasodila-
tation [139].

Diuretics should be prescribed for the majority of 
patients with CKD and HTN; they are second line therapy 
to ACE-i or ARBs in patients with stage A2-A3 albuminuria. 
In patients with stage 1–3 CKD, especially in the presence 
of increased extracellular fluid volume (ECF volume), (e.g. 
peripheral edema), a thiazide diuretic is indicated along 
with dietary sodium restriction to 1.5–2.0 grams daily and 
is thought to promote the effect of RAAS blockers on 
reducing urinary protein excretion; in more advanced stage 
4–5 CKD, thiazides become less effective and thus a loop 
diuretic is preferred. When a diuretic is used, it is strongly 
recommended to evaluate patients for continued volume 
overload, volume depletion or hypotension or AKI, 
electrolyte disturbances especially hypomagnesemia and 
hypokalemia [140].

If goal BP is not achieved with the ACE-i or ARB and 
the diuretic, the addition of a non-dihydropyridine calcium 
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channel blockers (non DHP-CCB), namely diltiazem or 
verapamil, offers further blood pressure lowering and an 
additional inherent anti-proteinuric effect [141]; either 
agent may be used in addition to ACE-i or ARBs or as first-
line when a patient with albuminuria is intolerant to both 
RAAS blockers. Dihydropyridine calcium channel blocker 
(DHP- CCB) also offer further BP lowering effects but do 
not have any inherent anti-proteinuric effects, and thus, 
DHP-CCB should not be used as sole agents or first-line 
agents in patients with CKD and stage A2-A3 albuminuria 
[142, 143].

In patients with ESKD on HD, HTN and LVH, atenolol- 
based antihypertensive therapy was associated with a lower 
rate of serious cardiovascular events (AMI, stroke, 
hospitalization for HF, cardiovascular death) and all-cause 
hospitalization when compared to lisinopril-based 
antihypertensive therapy [144]; this may promote the use of 
beta-blocker therapy in this patient population but further 
studies reproducing similar results are needed.

Finally, in 2013, the KDIGO Blood Pressure Work Group 
published a “Clinical Practice Guideline for the Management 
of Blood Pressure in Non-Dialysis CKD” [133], the major 
recommendations are hereby listed:

 1. Customize goal BP and pharmacological therapy based 
on patient’s age, CKD risk, CVD risk, presence of 
retinopathy in patients with DM and monitor for any 
adverse reactions such as orthostatic dizziness and 
evaluate for orthostatic hypotension each clinical visit. 
Adopt lifestyle modifications as detailed earlier.

 2. Hypertensive patients (regardless of DM status) with no 
micro- or macroalbuminuria (stage A1) should target a 
goal BP is ≤140/90 mmHg.

 3. Hypertensive patients (regardless of DM status) with 
micro- (stage A2) or macro-albuminuria (stage A3) 
should target a goal BP is ≤130/80 mmHg with a regimen 
to include an ACE-i or an ARB.

 4. Hypertensive kidney transplant recipients should target a 
goal BP is ≤130/80 mmHg.

 5. In elderly patients, start pharmacological therapy, when 
needed, at the lowest dose possible, and increase dose 
slowly while always evaluating for safety and adverse 
reactions such as orthostatic hypotension, AKI, electrolyte 
imbalances.

Needless to say, many CKD patients have a higher than 
average daily pill burden; thus, to maximize compliance, it 
its essential to simplify the regimen as much as possible by 
minimizing the frequency of administration as well as 
number of pills (e.g. by using dose combinations) and ensur-
ing that the medication is affordable.

8.7.3  Diabetes Mellitus and Optimal 
Glycemic Control

DM is the major cause of CKD worldwide. Kidney disease 
complicates diabetes in 25–40% after a course of 
20–25 years and around one third of those patients develop 
ESKD requiring renal replacement therapy but the majority 
will die of cardiovascular causes before progression to 
ESKD [10]. Microalbuminuria in diabetic patients is a pre-
dictor of early cardiovascular mortality [145] with a two to 
four-fold increase in such risk with microalbuminuria, and 
an even higher risk in patients who have systemic arterial 
hypertension and macro-albuminuria [146]. In a cohort of 
2097 diabetic participants in the NHANES 2009–2014, 
aged 20 years and over, diabetic nephropathy was present in 
26.2% with 15.9% having stage A2 or A3 albuminuria and 
14.1% having an abnormal eGFR; this data projects that as 
of 2014, 8.2 million Americans have diabetic CKD [11].

8.7.3.1  Blood Pressure Control and Drugs 
of Choice

Achieving BP goal in patients with DM and CKD is essential 
to reduce risks of CVD and progression to ESKD. Goal BP 
is determined by presence of micro- or macro-albuminuria 
where the goal BP is <130/80 mmHg; otherwise, goal BP is 
<140/90 mmHg.

In patients with DMT2 and diabetic nephropathy with 
stage A3 albuminuria, the Reduction of Endpoints in 
NIDDM with the Angiotensin II Antagonist Losartan Study 
(RENAAL) team, among many others, demonstrated that 
the ARB losartan significantly decreases the urine albumin 
excretion rate and slows down the progression of diabetic 
nephropathy after a mean follow-up of 3.4  years, albeit 
without a survival benefit and without a reduction cardio-
vascular morbidity and mortality, and with a beneficial 
effect independent and more than can be accounted for by 
the BP lowering effect alone [147]. Similar results were 
demonstrated by the Irbesartan Diabetic Nephropathy Trial 
(IDNT) team with he ARB irbesartan [143].

A Cochrane Database Systemic review of fifty RCTs 
highlighted the important concept that neither ACEi nor 
ARB had a significant effect on all-cause mortality in patients 
with diabetic CKD unless full-dose or maximum-tolerable 
dose was used with ACEi; both classes seem to be equally 
effective, three RCTs compared ACEi to ARB and found no 
difference in all-cause mortality between the two forms of 
therapy in diabetic kidney disease. Both forms of therapy 
resulted in a statistically significant reduction in the risk of 
ESKD and of progression from micro- to macroalbuminuria 
with a significant increase in regression from micro- to nor-
maalbuminuria [146].
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8.7.3.2  Glycemic Control
Glycemic control plays an essential role in preventing dia-
betic microvascular (retinopathy, neuropathy and nephropa-
thy), and has a less clear role in preventing macrovascular 
(CAD, PAD, CVA) complications.

In DMT1, The Diabetes Control and Complications Trial 
(DCCT) group randomized 1441 patients to intensive ther-
apy versus conventional therapy and reported, after a mean 
duration of 6.5 years, a significant reduction in the incidence 
(by 76%) or progression (by 54%) of retinopathy, as well as 
a significant reduction in the onset of microalbuminuria (by 
39%) and macro-albuminuria (by 54%), and a decrease in 
the incidence of clinical neuropathy (by 60%) [148]. The 
DCCT/Epidemiology of Diabetes Interventions and 
Complications (DCCT/EDIC) Study Research Group fol-
lowed 93% of the original DCCT cohort for an additional 
mean 17 years, and reported a 42% reduction of any CVD 
events (macrovascular), as well as reductions in fatal and 
non-fatal MI and mortality in the intensive therapy group 
[149, 150].

In DMT2, several major trials have confirmed that tight 
glycemic controls reduces microvascular complications; for 
example, the UK Prospective Diabetes Study (UKPDS) 
Group evaluated 3867 incident DMT2 patients over a 10 year 
period and found that a more intensive glycemic control 
(HbA1c 7.0%) reduced the risk of microvascular 
complications, mainly retinopathy, by 25% when compared 
to conventional glycemic control (HbA1c 7.9%), but there 
was no statistically significant reduction in macrovascular 
complications [151].

Similarly, the Action in Diabetes and Vascular Disease: 
Preterax and Diamicron Modified Release Controlled 
Evaluation (ADVANCE) Collaborative Group evaluated 
11,140 patients with DMT2 over a median follow-up period 
of 5 years and reported that intensive glycemic control (mean 
HbA1c 6.5%) reduced the rate of microvascular 
complications, namely incidence of nephropathy (HR 0.79) 
when compared to standard glycemic control (mean HbA1c 
7.3%), but had no effect on the rate of retinopathy and offered 
no benefit as far as macrovascular complications [152]; 
among 8494 patients who had continued post-trial followup 
for an additional median of 5.4 years and for whom HbA1c 
differences between the two groups have dissipated by the 
first post-trial visit after a median of 2.9 years, there remained 
a benefit of reduced ESKD in the intensive control group 
albeit relatively few events were reported [153].

Finally, the ACCORD trial group randomized 10,251 
patients with DMT2 to intensive glycemic control (median 
HbA1c 6.4%) versus standard control (median HbA1c 7.5%) 
and had to transition all patients in the intensive-control arm 
of the trial to standard control after a median followup of 
3.4 years due to increased cardiovascular as well as all-cause 
mortality rates in the intensive-control group, followup was 

continued for 5 years and there was a significant delay in the 
onset of albuminuria in the intensive-control group at the 
time of the transition as well as at the time of the trial 
completion [154].

It’s worth noting that all the above trials showed a higher 
risk of hypoglycemia with more intensive protocols.

8.7.3.3  American Diabetes Association (ADA) 
Standard of Medical Care in Diabetes

The American Diabetes Association (ADA) issued a periodic 
revision of the “Standard of Medical Care in Diabetes” and 
its most recent recommendations are summarized in 
Table 8.1 [155].

8.7.3.4  European Renal Best Practice (ERBP) 
Guidelines for Managing Patients 
with DM and Stage 1-3a CKD

The European Renal Best Practice (ERBP) guidelines for 
managing patients with DM and stage 1-3a CKD 
(GFR > 45 mL/min per 1.73 m2 BSA) provide the following 
recommendations for primary and secondary prevention and 
treatment of cardiovascular disease [156]:

 1. A clinically indicated coronary angiogram should not be 
delayed for concerns over contrast induced nephroapthy.

 2. Medical therapy for stable CAD should be optimized and 
is the preferred choice of therapy unless there is significant 
myocardial ischemia, proximal left anterior descending 
(LAD) or left main coronary disease is present.

 3. In patients with multi-vessel CAD or complex lesions, 
coronary artery bypass graft is preferred over percutaneous 
coronary interventions for revasularization.

 4. Neither the presence of DM nor that of CKD should 
impact the therapy of acute coronary syndrome.

 5. Maximal dose ACEi, and not an ARB, is the treatment of 
choice for secondary prevention of cardiovascular disease 
in patients with HF or CAD; combination RAAS 
inhibition should be avoided.

 6. Goal BP is <140/90 mmHg and in the absence of micro- 
albuminuria all anti-hypertensive agents are equal to 
lower BP.

8.7.3.5  European Renal Best Practice (ERBP) 
Guidelines for Managing Patients 
with DM and Stage 3b-5 CKD

Similarly, the ERBP issued guidelines for managing patients 
with DM and stage 3b-5 CKD (GFR  <  45  mL/min per 
1.73 m2 BSA) provide the following recommendations [156]:

 1. HbA1c remains the recommended diagnostic tool to 
monitor long-term glycemic control in patients with 
stage 3b-5 CKD, although its accuracy may be 
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Table 8.1 American Diabetes Association (ADA) – “Standard of Medical Care in Diabetes-2016” [155]

1. Diagnosis:
  1a.  Screen for DMT2 in any individual whose BMI equals or exceeds 25 kg/m2 and repeat at least once every 3 years; in Asians screen at at 

a BMI equals or exceeding 23 kg/m2.
  1b.  Screen for DMT2 in all patients age 45 years or older and repeat at least once every 3 years.
  1c.  Test for DMT2 or pre-DM with fasting plasma glucose, plasma glucose 2 h after 75-gram glucose tolerance test or HbA1C. When 

DMT2 or pre-DM is diagnosed treat other CVD risk factors.
  1d.  Acute onset DMT1 is best diagnosed with blood glucose rather than HbA1C.
2. Foundations of care and medical evaluation:
  2a.  All patients with DM should be empowered by participating in a customized patient-centered diabetes self-management education 

(DSME) and support (DSMS) to achieve effective self-management, improved clinical outcomes and quality of live.
  2b.  All patients with DM must consult with dietitian to construct a customized medical nutrition therapy (MNT) program.
  2c.  All patients with DM are encouraged to follow the Federal Physical Activity Guidelines for leisure-time aerobic physical activity and to 

avoid extended periods of sedentary time exceeding 90 min, patients are also advised to perform resistance training at least twice a week 
unless contraindciated.

  2d.  All patient must be advised, counseled and offered assistance to quit tobacco use and e-cigarettes.
  2e.  Adults with DMT2 should receive routine immunizations and receive hepatitis B vaccine.
  2f.  Adults with DM should have regular screening for pyschocoial problems, and older adults should have regular evaluations for cognitive 

function and depression.
3.  Prevention or delaying onset of DMT2: Patients with pre-DM should be advised behavioral modifications and undergo an intensive  

diet and exercise program, as part of a diabetes prevention program (DPP) aimed at a 7% weight loss. Metformin therapy should  
be considered in adults with pre-DM, BMI exceeding 35 kg/ m2 BSA, age less than 60 years and those with prior history  
of gestational DM.

4. Glycemic targets:
 4a.  Self-monitoring of blood glucose (SMBG) may help guide treatment decisions and empower patient to adjust therapy and its frequency 

must be higher in patients with intensive insulin regimens. In select patients with DMT1 over 25 years of age, continuous glucose 
monitoring (CGM) in conjunction with intensive insulin regimen may assist in achieving target glycemic and HbA1c goals.

 4b.  Check HbA1c every 3 months when targets are not met or when assessing recent interventions, otherwise stable patients meeting 
glycemic goals may have their HbA1c checked at least every 6 months.

 4c.  An HbA1c goal of <7% is reasonable for many patients. More intensive glycemic control and a HbA1c < 6.5 may be suitable in 
motivated adults with low risk for hypoglycemia, long life expectancy and no microvascular CVD. A less intensive glycemic control 
with a HbA1c < 8 may be more suited to elderly patients, those with a limited life expectancy, patients with poor cognitive function, 
patients at moderate to high risk for hypoglycemia, established microvascular or macro-vascular complications, or patients with 
extensive comorbid conditions.

 4d.  Hypoglycemia should be treated with 15–20 g of glucose in conscious adults. Patients with severe hypoglycemia (i.e. hypoglycemia 
requiring assistance) should be prescribed glucagon. Hypoglycemia unawareness or severe hypoglycemia should trigger a thorough 
re-evaluation with cognitive function assessment, and revising therapeutic strategies as well HbA1C and glycemic goals.

5. Management of obesity in DMT2:
 5a.  Obese patients with DMT2 are advised to adopt behavioral modifications with therapy including diet modification and regular exercise 

aimed at achieving a daily caloric deficit of 500–750 kcal (regardless of content in protein, fat, or carbohydrate) and a 5% weight loss 
over a six-month period. Continued and regular assistance and comprehensive programs to sustain successful weight loss in the long 
term (≥1 year) are essential with continued caloric restriction and high-intensity physical activity.

 5b.  Obese patients with DMT2 may benefit more from pharmacological therapy associated with weight loss with the goal being 5%  
and results re-evaluated in 3 months; DM medications associated with weight-gain ought to be avoided in the overweight  
and the obese.

 5c.  Bariatric surgery should be considered in patients with DMT2 and a BMI > 35 kg/m2 especially if glycemic control is challenging.
6.  Glycemic therapy: Metformin is the preferred first-line medication to treat DMT2 unless contraindicated or not tolerated. If maximal 

tolerated monotherapy does not meet or maintain desired HbA1C goal after 3 months, then add a glucagon-like peptide-1 (GLP-1) receptor 
agonist or basal insulin whichever suits the patient best. Insulin therapy must not be delayed if glycemic control are not being met.

7. CVD risk management – HTN:
  7a.  All patients with DM must have BP checked every visit and high readings must be repeated on a separate occasion to diagnose HTN.
  7b.  Patients with pre-HTN should be counseled to adopt non- pharmacological lifestyle modifications.
  7c.  For patients with HTN, goal BP is <140/90 mm hg; a lower BP goal of <130/80 mmHg may be adopted in younger patients, patients 

with stage A2-A3 albuminuria, patients with HTN and one or more CVD risk factors.
  7d.  Patients with an office BP exceeding 140/90 mmHg should be treated promptly with non-pharmacological life style modifications 

(weight loss for the overweight or obese, DASH- diet, exercise) as well as pharmacological therapy titrated till goal BP is achieved. An 
ACEi or an ARB at maximal tolerated dosage is considered first-line antihypertensive therapy (monitor serum creatinine and potassium), 
but often combination therapy is required usually with a thiazide diuretic.

(continued)
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Table 8.1 (continued)

  7e.  In older adults, BP should be kept above 130/70 mm hg as lower SBP values do not offer any cardiovascular benefit and lower DBP 
values are associated with a higher mortality.

  7f.  In pregnant patients with DM and HTN, BP goal is 110–129/65–79 mm hg.
8. CVD risk management – lipid management:
  8a.  In patients not on lipid-lowering therapy, check a lipid panel at time of DM diagnosis, or initial encounter and then at least every 

5 years.
  8b.  Check lipid profile when initiation of a statin is planned and periodically thereafter to monitor for response.
  8c.  In patients with dyslipidemia, advise non-pharmacological therapy with lifestyle modifications including weight loss, regular exercise, 

and dietary modifications to reduce cholesterol and saturated and trans-fat intake while increasing intake of omega-3 fatty acids viscous 
fiber and plant stanols/sterols.

  8d.  For patients with hyper-triglyceridemia exceeding 150 mg/dL or a low HDL (< 40 mg/dL in men, < 50 mg/dL in women), optimize 
glycemic control and advise lifestyle modifications. If triglyceride (TG) level exceeds 500 mg/dL, exclude secondary causes and initiate 
pharmacological therapy to reduce risk of pancreatitis.

  8e.  For all patients with DM and CVD, initiate high-intensity statin on top of lifestyle modifications.
  8f.  For patients with DM and additional risk factors for CVD, aged less than 40 years, consider initiation of moderate-intensity or 

high-intensity statin on top of lifestyle modifications.
  8g.  For patients with DM aged 40–75 years, consider initiation of moderate-intensity statin on top of lifestyle modifications if they have 

and no additional risk factors for CVD, and high-intensity statin on top of lifestyle modifications if they have additional risk factors for 
CVD.

  8h.  For patients with DM aged >75 years, consider initiation of moderate-intensity statin on top of lifestyle modifications if they have and 
no additional risk factors for CVD, and moderate- or high-intensity statin on top of lifestyle modifications if they have additional risk 
factors for CVD.

  8i.  Statin dose may be adjusted based on response and patient tolerance.
  8j.  In patients with acute coronary syndrome (ACS) and LDL cholesterol at or more than 50 mg/dL, adding ezetimibe to moderate intensity 

statin therapy on top of lifestyle modifications offers cardiovascular benefit when compared to statin alone, or add ezitmibe for patients 
who cannot tolerate high-intensity statin therapy.

  8k.  Statin/vibrate combination therapy offers no additional cardiovascular benefit and should not be routinely used. Such a combination 
may be used in men with a TG level ≥ 204 mg/dL and an HDL ≤ 34 mg/dL.

  8l.  statin/ niacin therapy offers no additional cardiovascular benefit and may may increase risk of stroke and is not recommended.
9. CVD risk management – antiplatelet agents:
  9a.  Initiate aspirin therapy at a dose of 75–162 mg daily for primary prevention in any patient with DM and a 10-year cardiovascular risk 

exceeding 10% unless contraindiacted. This includes most patients aged 50 years or older with DM and who have at least one more risk 
factor for CVD.

  9b.  Aspirin is not recommended if the 10-year cardiovascular risk is below 5% due to bleeding risk. This includes most patients aged less 
than 50 years with DM and who have no additional risk factors for CVD.

  9c.  Use aspirin for secondary prevention in all patients with DM and a prior history of CVD. If aspirin intolerance or allergy is 
documented, clopidogrel 75 mg daily may be used as alternative therapy.

  9d.  Dual anti-platelet therapy may be prescribed for 1 year following an ACS.
10. CVD risk management – coronary heart disease:
  10a.  In asymptomatic patients, treat CVD risk factors but do no screen for CAD.
  10b.  Investigate for CAD if patient has atypical symptoms such as dyspnea or chest discomfort, ECG abnormalities, vascular disease such 

as PAD or claudication or carotid bruits or history of TIA or CVA.
  10c.  In patients with established CVD, treat with aspirin, statin and ACEi. In patients with history of MI, continue beta blockers for at least 

2 years after the MI.
  10d.  Avoid thiazolidinedione (TZD) in patients with HF.
  10e.  In patients with stable HF and normal kidney function, metformin may be used but ought to be avoided in patients with unstable or 

hospitalized patients with HF.
11. Microvascular complications – diabetic CKD:
  11a.  Check urine ACR at least once a year. Check eGFR at least once a year in patients with DMT2, DMT1 of five or more year duration, 

and in all patients with DM and HTN.
  11b.  Optimize glycemic and BP (<140/90) control to slow down CKD progression.
  11c.  For patients with ND-CKD, restrict daily protein intake to 0.8 g/kg healthy body weight.
  11d.  Initiate ACEi or ARB therapy for patients with stage A2-A3 albuminuria or stage 3–5 CKD and monitor urine ACR, serum creatinine 

and potassium while on RAAS blockers.
  11e.  Do not use an ACEi or an ARB in a patient with DM for primary prevention, that is a patient who is normotensive, has a normal eGFR 

and normal urine ACR.
  11f.  Refer patients to nephrologist in case or rapid progression, challenging management, or uncertain diagnosis; refer patients for 

education and preparation for RRT once eGFR declines below 30.
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diminished by the effect or uremic toxins (higher than 
expected HbA1c), decreased RBC survival in more 
advanced CKD or increased erythropoiesis when an 
erythropoiesis stimulating agent (ESA) or iron is used 
(lower than expected HbA1c).

 2. Setting a goal HbA1c must be customized to each indi-
vidual patient and weighed against their risk of hypogly-
cemia, a risk which increases with severity of CKD.
 2a. The risk of severe hypoglycemia (i.e. patient 

requires assistance for management) is high in 
patients with stage 5 CKD or hepatic failure or gas-
troparesis, or in patients receiving insulin or long- 
acting sulfonylurea with active metabolites.

 2b. Moderate risk for hypoglycemia is seen in patients 
prescribed short acting sulfonylureas or sulfonyl-
ureas with inactive metabolites or meglitinides.

 2c. Low risk for hypoglycemia is seen in patients taking 
the biguanide metformin, alpha glucosidase inhibi-
tors, dipeptidyl peptidase IV (DPP-4) inhibitors, 
incretin mimetics such as glucagon-like peptide-1 
(GLP-1) receptor agonists, thiazolidinediones, and 
Sodium-glucose co-transporter-2 (SGLT2) 
inhibitors.

 2d. Hypoglycemia risk must be avoided, and if risk is 
high, this may necessitate adopting more liberal 

goals for glycemic control with a HbA1c ≤ 8.5%; 
such a liberal goal may also be suitable for patients 
with a reduced life expectancy, established cardio-
vascular (macrovascular) disease or micro-vascular 
complications, poor motivation; yet, continued vigi-
lant efforts must be made to achieve such a goal if 
the HbA1c is higher. If a patient is high risk for 
hypoglycemia, then more frequent self-monitoring 
is required.

 2e. In patients who are on non-pharmacological life-
style modifications or on pharmacological therapy 
with low risk for hypoglycemia, a goal HbA1c of 
≤7.0% is recommended.

 2f. In patients with a DM vintage exceeding 10 years 
and who are on pharmacological therapy with mod-
erate risk for hypoglycemia, a goal HbA1c of 
≤8.0% is recommended.

 2g. For patients who do not fit into any of the previous 
categories, a goal HbA1c of ≤7.5% is 
recommended.

 3. Metformin continues to be first line therapy in DM, after 
life style modifications, and dose must be reduced as 
CKD progresses and should be used with extreme cau-
tion in stage 4 CKD and must be stopped in stage 5 
CKD; empower patient and provide printed educational 

Table 8.1 (continued)

12. Microvascular complications – diabetic retinopathy:
  12a.  Optimize glycemic, BP and lipemic control to slow down progression of diabetic retinopathy.
  12b.  Patients with DMT1 must have a comprehensive and dilated eye exam within the first 5 years of diagnosis. Patients with DMT2 must 

have a comprehensive and dilated eye exam at the time of diagnosis.
  12c.  If any retinopathy is present, then followup must be schedule d at least once a year. If no retinopathy is diagnosed, then frequency of 

eye examination may be reduced to every 2 years.
  12d.  Initiate an immediate referral to an experienced ophthalmologist if any macular edema, severe non-proliferative or any proliferative 

diabetic retinopathy is detected.
  12e.  Laser photocoagulation is the treatment of choice for high-risk proliferative retinopathy and occasionally severe non-proliferative 

retinopathy.
  12f.  Intra-vitreal or anti-vascular endothelial growth factor is the treatment of choice for central (beneath foveal center) macular edema 

which is a threat to vision.
  12g.  Aspirin does not increase risk of retinal hemorrhage and thus retinopathy should not deprive patients of its cardioprotective effects.

13. Microvascular complications – neuropathy:
  13a.  Patients with DMT1 must be evaluated for neuropathy within the first 5 years of diagnosis and patients with DMT2 at the time of 

diagnosis.
  13b.  Obtain a careful history and perform 10-g monofilament testing and an additional test for pinprick or temperature or vibration 

sensation.
  13c.  Evaluate for autonomic dysfunction in any patient with microvascular complications an neuropathy.
  13d.  Optimize glycemic control to prevent or slow down progression of neuropathy.
  13e.  Treat patients to alleviate symptoms of peripheral and autonomic neuropathy.

14. Foot care:
  14a. Perform a comprehensive foot check at least once a year and assess relevant risk factors.
  14b. Patients with claudication or abnormal pedal pulses should be referred for a vascular evaluation.
  14c. Patients with foot ulcers or high-risk feet (dialysis, charcot foot, history of ulcers or amputation) require a team approach.
  14d. Refer patients at risk to a podiatrist for preventive care.
  14e. Counsel active tobacco users to quit.
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reminders to hold metformin if any AKI risk develops 
such as with volume depletion (e.g. recurrent vomiting 
or diarrhea) or administration of IV contrast, and con-
tinue to hold until a time when the risk disappears. If 
additional pharmacological therapy is needed, then 
additional medications which are low-risk for hypogly-
cemia may be added.

 4. When a coronary angiogram is indicated, it should not 
be omitted for the sole concern of contrast-induced 
nephropathy.
 4a. In patients with stable AHD/CAD, maximal medi-

cal therapy is preferred, unless there is significant 
left main coronary or significant proximal LAD dis-
ease for which an elective CABG is the treatment of 
choice.

 4b. In patients with mutlivessel or complex disease, 
CABG is favored over PCI.

 4c. In patients with an acute MI, treatment strategies 
should not be any different from those offered to 
patients with DM/no-CKD or stage 1-3a CKD/
no-DM.  In patients with STEMI, primary PCI, 
whenever available in a timely fashion, is pre-
ferred over thrombolytic therapy. In patients with 
non- STEMI and left main disease or multi-vessel 
disease, CABG is associated with better outcomes 
and lower mortality rate when compared with PCI.

 4d. Dose of thrombolytic therapy must be adjusted by 
severity of CKD and eGFR level.

 5. Treat patients with HF or ischemic heart disease with 
ACE-i at maximal dose tolerated; evidence to use ARB 
in these patients is lacking and combining ACE-i, ARB 
or DRI must be avoided.

 6. Treat patients with lipophilic (rather than hydrophilic) 
selective-beta blockers as these agents may decrease the 
risk of sudden cardiac death.

 7. Avoid lower BP goals than in the general population 
(<140/90  mmHg) as some patients may have auto-
nomic dysfunction and orthostasis. In the absence of 
albuminuria, all BP lowering meds may be used equally.

 8. Recommend start a statin in patients with stage 3b-4 
CKD and consider doing so in stage 5 CKD; use a fibrate 
if patient is intolerant to statin.

 9. Advise patients to adopt an individualized and regular 
exercise program to achieve goal body mass index 
(BMI), build muscle mass and reduce body fat and 
improve quality of life.

 10. Start an aspirin for primary as well as secondary preven-
tion in the absence of major bleeding risk or contraindi-
cation; if intolerant, consider clopidogrel as alternative 
therapy.

 11. In patients with ACS or high-risk coronary intervention, 
do not add glycoprotein IIb/IIIa inhibitors to standard 
care due to potential increase in bleeding risk.

 12. In patients with ACS or high-risk coronary interven-
tion, avoid adding thienopyridine or ticagrelor to 
standard care unless it is certain bleeding risk is not 
increased.

 13. When providing education for RRT (usually 
GFR < 30 mL/min/m2 BSA), kidney transplantation is 
by far the most superior therapeutic option available, but 
there is no evidence that any dialysis modality of RRT 
(CAPD, continuous cycling peritoneal dialysis (CCPD), 
home HD, in-center HD, nocturnal HD) is superior to 
the others, and thus dialysis modality-education should 
be unbiased and help the patient choose the modality 
which suits them best.

 14. There is no benefit for early versus late initiation of RRT 
with dialysis and thus dialysis should be initiated when 
a clinical indication arises while simultaneously account-
ing for dialysis access best-choice and readiness of use.

 15. When HD is chosen, vein-preservation strategies would 
be adopted and a native arteriovenous (AV) fistula would 
be the best choice for access, followed by an AV graft; 
catheters must be avoided if at all possible due to 
increased risk of mortality, infections and secondary 
vascular complications.

 16. For patients with DMT1, live-kidney transplantation or 
simultaneous pancreas-kidney (SPK) transplantation or 
pancreas after kidney (PAK) transplantation be sought 
with a complete understanding of risks involved with 
each procedure, but islet transplantation is not recom-
mended. For patients with DMT2, kidney transplantation 
is recommended for suitable candidates after evaluation, 
but not SPK or PAK or pancreas transplantation.

8.7.3.6  Safety of Oral Hypoglycemics in DMT2 
and CKD

In patients with CKD and DMT2, metformin must be used 
with extreme caution when eGFR declines below 30  mL/
min/1.73  m2 BSA, due to concerns over severe life- 
threatening type B lactic acidosis. It may be used in patients 
with stage 1–3 CKD with dosage adjustments to eGFR and 
close monitoring of kidney function [157, 158].

Sodium-glucose cotransporter type 2 (SGLT2) inhibitors 
prevent renal proximal tubular glucose reabsorption and 
have been associated with urinary tract infections, increased 
risk of ketoacidosis [159], and some reports to the FDA cite 
concerns of acute kidney injury. Thus, these agents must be 
used with caution in patients with stage 3–5 CKD until their 
safety is clarified. Health care providers and patients must 
aggressively mitigate any risk factors for AKI such as 
hypovolemia (e.g. diuretics, HF) and avoid concurrent use of 
agents resulting in hemodynamic renal hypoperfusion (e.g. 
non-steroidal anti-inflammatory drugs (NSAIDs) or ACE-i 
or ARBs) [160].
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In patients in whom sulfonylurea therapy is planned, 
short-acting agents with no active metabolites, such as 
glipizide are preferred to longer-acting agents or those with 
active metabolites in order to avoid increased risk of 
hypoglycemia.

8.7.4  Lipid Management

Dyslipidemia is an established modifiable major risk factor 
for CVD in patients with ND-CKD.

The Study of Heart and Renal Protection (SHARP) 
Investigators followed 6247 ND-CKD patients and 3023 
ESKD patients on dialysis, with no prior history of MI or 
coronary revascularization, for a median duration of 4.9 years 
after they were randomized to either receive simvastatin plus 
ezetimibe or placebo and found that the LDL reduction in the 
active treatment group was associated with a significant 17% 
risk reduction of a first major atherosclerotic event (coronary 
death or non-fatal MI, any arterial revascularization 
procedure or any non-hemorrhagic CVA), and significant 
protection against non-hemorrhagic CVA and arterial 
revascularization [161].

However, the power of high LDL-cholesterol to predict 
AHD risk seems to grow weaker with the severity of CKD 
and may dissipate entirely in dialysis patients where a more 
accelerated CVD pathway and a higher mortality rate are 
driven by other non-traditional risk factors. Clinical trials in 
hemodialysis patients, such as the Die Deutsche Diabetes 
Dialyse Studie trial [162] and the A Study to Evaluate the 
Use of Rosuvastatin in Subjects on Regimen Hemodialysis: 
An assessment of survival and cardiovascular events 
(AURORA) trial [163], failed to show any significant 
beneficial effects of LDL reductions with statin therapy on 
cardiovascular mortality or all-cause mortality.

8.7.4.1  KDIGO Guidelines for Lipid  
Management in CKD

In 2013, the KDIGO Lipid Work Group published a 
“Clinical Practice Guideline for Lipid Management in 
CKD” [164]:

 1. Check a lipid panel only in patients with newly diagnosed 
non-dialysis CKD, ESKD, or kidney transplant recipient 
(total cholesterol, LDL cholesterol, HDL cholesterol, 
triglycerides). Followup lipid panels are not required in 
the majority of patients with non-dialysis CKD, ESKD on 
dialysis, or kidney transplant recipients.

 2. In patients aged 50 years or over and with non-dialysis 
non-transplant Stage 1–5 CKD, initiate pharmacological 
therapy with a statin or statin/ezetimibe combination.

 3. In patients aged 18–49  years with non-dialysis non- 
transplant Stage 1–5 CKD, pharmacological therapy with 

a statin is suggested if any of the following co-morbidities 
exist: (3a). known coronary disease (myocardial infarction 
or coronary revascularization) (3b). diabetes mellitus (3c). 
prior ischemic stroke (3d). estimated 10-year incidence of 
coronary death or non-fatal myocardial infarction >10%.

 4. In patients with dialysis-dependent CKD, initiation of 
pharmacological therapy was not recommended; 
 continuation of any previously prescribed said therapy is 
suggested.

 5. In kidney transplant recipients, initiate pharmacological 
therapy with a statin.

 6. In patients with non-dialysis CKD, ESKD on dialysis, or 
kidney transplant recipients who are diagnosed with 
hypertriglyceridemia, therapeutic lifestyle changes are 
advised.

In summary, it seems that the recommendations for estab-
lished non-dialysis stage 1–5 CKD patients age 50 years and 
over, adopt a strategy of “test no one and treat everyone”. 
This establishes a major shift in clinical practice, where the 
focus on LDL-cholesterol levels and targets is abandoned in 
this patient population.

8.7.5  Obesity and the Metabolic Syndrome

The epidemic of obesity seems to have no geographic, ethnic 
/racial, gender or age boundaries; obesity carries an increased 
risk of morbidity and mortality and is the second leading 
cause of preventable disease in the US.

Epidemiological studies have identified obesity or a 
higher body mass index (BMI) as an independent risk factor 
for the development and progression of CKD [165–167] and 
for CVD [168]. Obesity at a younger age (18–34 years) car-
ries an increased risk for future ESKD; compared to a normal 
BMI, the adjusted RR for future ESKD was 1.87 for a BMI 
of 25.0–29.9, 3.57 for a BMI of 30.0–34.9, 6.12 for a BMI of 
35.0–39.9 and 7.07 for a BMI at or exceeding 40 kg/m2 [169].

Obesity may also cause obesity-related glomerulomegaly 
and glomerulopathy, with glomerular hyperfiltration and 
pathological features of secondary adaptive focal segmental 
glomerulosclerosis with sub-nephrotic proteinuria [170]. 
Furthermore, obesity has been associated with increased risk 
of metabolic syndrome, sleep apnea, obesity-associated 
HTN, insulin resistance and DMT2, dyslipidemia, and 
various cancers.

The obese population is not a homogenous one; up to one 
third of obese patients have a “metabolically benign” profile 
with no apparent increase in CVD risk [171]. The mechanisms 
by which obesity alters CVD and CKD risk are not fully 
elucidated, the obesity-CKD association is especially 
complex. For example, when compared with individuals 
who have a normal weight and no metabolic syndrome, 
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overweight and obese patients with the metabolic syndrome 
had a higher risk of ESKD (hazards ratio 2.03), but 
overweight and obese patients without the metabolic 
syndrome had a lower risk of ESKD (hazards ratio 0.47) 
[167]. In patients with established prevalent ND-CKD, some 
have suggested a U-shaped association between obesity and 
clinical outcomes of CKD progression and all-cause 
mortality with the best clinical outcomes at a BMI of 
25–35 kg/m2; a BMI < 25 predicted worse outcomes in all 
patients regardless of CKD stage while a BMI > 35 predicted 
worse outcomes in patients with stage 1–3 CKD with said 
risk growing weaker in advanced CKD [172].

In dialysis patients, use of BMI to diagnose obesity and 
overweight should be done with extreme caution; this is due 
to protein-energy wasting and loss of muscle mass seen in 
patients with ESKD on dialysis. Thus in such patients, exces-
sive central or total body adiposity may be masked by a bal-
ancing loss of muscle mass, keeping the BMI apparently 
“normal” [173]. In fact, a higher BMI, when it reflects weight 
gain resulting from increased muscle mass, was associated 
with a better and incremental survival rate in a cohort of 
121,762 patients on maintenance hemodialysis followed over 
5 years [174]. A measure of abdominal and visceral adipos-
ity, such as weight circumference, in a cohort of 537 patients 
with ESKD, was found to be a reliable and direct predictor of 
cardiovascular as well as all-cause mortality whereas BMI 
was not, cardiovascular mortality was highest amongst par-
ticipants with a waist circumference at or exceeding the 
median and a BMI below the median, and it was lowest in 
patients with a waist circumference below the median and a 
BMI at or above the median; similarly waist/hip ratio also 
predicted cardiovascular as well as all-cause mortality [175].

Lifestyle modifications focused on caloric restriction, 
weight loss, regular daily exercise, and when needed surgical 
interventions, to achieve a BMI of 20–25 kg/m2 are recom-
mended for patients with ND-CKD to reduce risk of CVD 
and prevent incident or new-onset CKD; however, the ideal 
target BMI in patients with established-prevalent CKD may 
be more complex and more clinical studies are needed, some 
studies have suggested a U-shaped association with best clin-
ical outcomes achieved at a BMI of 25–35. In morbidly obese 
patients, who fail to achieve or sustain weight loss, surgical 
interventions such as bariatric surgery ought to be pursued. 
In ESKD patients on maintenance dialysis, health care pro-
viders need to focus on strategies to increase muscle weight.

8.7.6  Tobacco Cessation

Tobacco use is the leading cause of preventable disease in 
the US, and ranks only second to HTN as the health risk 

factor responsible for the highest number of deaths worldwide 
[176].

Tobacco use is a known risk factor for CVD as well as 
cardiovascular and all-cause mortality, and it has been 
associated with nephrosclerosis [177], idiopathic nodular 
glomerulosclerosis [178–180] and worsening progression of 
CKD and albuminuria in many primary and secondary 
kidney diseases such as DM, IgA nephropathy, lupus 
nephritis and polycystic kidney disease [181–185].

However, the evidence for the tobacco-CKD associa-
tion has not been always reproducible or uniform. For 
example, in a cohort of 23,534 participants followed over 
a period of 20  years, tobacco use carried a significant 
increase in risk of CKD (identified by ESKD or CKD on 
death certificate verified by a chart review) with a hazard 
ratio of 2.9 in women and 2.4 in men, with a 31% propor-
tion of the increased risk of CKD attributed to smoking 
[186]. On the other hand, the SHARP Collaborative 
Group evaluated the effects of tobacco use in a cohort 
9270 CKD patients (13% current smokers, 35% former 
smokers and 51% never smokers) over a mean duration of 
4.9 years and found increased risk in current- smokers for 
atherosclerotic and non-atherosclerotic vascular events 
(RR 1.36), lung cancer (RR 9.31) and upper aerodigestive 
tract cancers (RR 4.87), as well as all-cause mortality (RR 
1.48) when compared to never-smokers, but there was no 
association with rate of change in eGFR or incidence of 
ESKD [187].

Tobacco use remains a strong risk factor for CVD in 
patients with CKD of any stage [188]; it is also hypothesized 
that toxic metabolites of tobacco may accumulate in patients 
with more advanced CKD, thus enhancing CVD risk. 
Tobacco cessation reduces CVD risk in patients with CKD 
[189] and may also be beneficial in slowing down CKD 
progression in some kidney diseases. Finally, most transplant 
centers in the US do not accept active tobacco users with 
advanced CKD or ESKD as candidates for kidney transplant 
waitlisting.

The most recent update of the US Preventive Services 
Task Force (USPSTF) guidelines for interventions for 
tobacco smoking cessation in adults that all healthcare 
providers inquire about tobacco use, advise active users to 
stop, evaluate willingness to quit, offer interventions to help 
the patient quit and arrange for followups; the guidelines 
advise interventions with evidence-based effectiveness be 
pursued and to steer away from electronic smoking due to 
lack of adequate evidence to risks and benefits [190]. 
Offering behavioral and pharmacological interventions with 
nictoine- replacement therapy or partial nicotine agonists 
enhances successful quit rate and must be tailored to patient’s 
safety and eGFR.
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8.7.7  Exercise

“Exercise is medicine”. A sedentary lifestyle, with a lack of 
regular exercise, is a risk factor for CVD and has been 
associated with progression of CKD in some observational 
studies.

CKD itself and its complications may limit exercise toler-
ance via factors such as anemia and vascular disease [191]; 
walking seems to be the most popular form of exercise in 
patients with stage 3–5 CKD and has been associated with 
improved survival and decreased risk of RRT [192].

All able CKD patients must be encouraged regularly to 
follow the 2008 Federal Physical Activity Guidelines for:

 1. Leisure-time aerobic physical activity, a weekly recom-
mendation for 150 min of moderate-intensity exercise, or 
75 min of high-intensity, or some combination, and most 
favorably spread over many week-days, and

 2. Muscle-strengthening, a weekly recommendation to exer-
cise all muscle groups in a moderate- to high-intensity 
workout at least twice a week [18, 193].

In a cohort of 256 individuals with stage 3–4 CKD from 
the Seattle Kidney Study, those who had more than 150 min 
of weekly physical activity had a slower CKD progression 
over a median 3.7 years of follow-up [194].

Additionally, exercise is encouraged in patients with 
ESKD on HD. Use of intra-dialytic exercise during HD time 
has been shown to be beneficial and safe in many small stud-
ies and is implemented in some dialysis centers in Europe 
and Australia [195] but has not made it to North America.

In summary, many studies have shown the benefits of 
aerobic physical activity and muscle strengthening in patients 
with stages 2–5 CKD, including those on RRT, and thus 
exercise is medicine in this patient population and should be 
prescribed to all who are able and who have no restricting 
clinically-active CAD, either in a home-based program, or 
in-center during dialysis, or in another setting [196].

8.8  Management of Non-traditional CVD 
Risk Factors in CKD

8.8.1  Preventing or Slowing Down 
Progression of CKD

Strategies to slowing down the progression of CKD must 
focus on achieving optimal blood pressure control, optimal 
glycemic control, optimal lipemic control, tobacco cessation, 
achieving ideal BMI and waist/hip ratio for CKD stage, 
anemia management, correction of acid-base and electrolyte 

abnormalities, management of mineral and bone disorder, 
dietary protein restriction, treatment with an ACEi or an 
ARB especially in patients with stage A2-A3 albuminuria.

8.8.1.1  Depression and Cognitive  
Dysfunction in CKD

Furthermore, CKD, whether lower eGFR or albuminuria, is 
associated with cognitive dysfunction, and around 26.5% of 
CKD patients are clinically depressed [197]; both conditions 
result in a decreased quality of life. Thus, it is important to 
evaluate every CKD patient thoroughly for either problem as 
either may interfere with compliance, motivation, and the 
success of preventive and therapeutic strategies.

8.8.1.2  Genetic Predisposition
The role of genetic predisposition in CKD and CVD is not 
yet well established, but clinical research continues to make 
slow and steady strides in this futuristic field. For example, 
black individuals with variants of apolipoprotein L1 
(APOL1) are more susceptible to develop certain forms of 
CKD and progress to ESKD; two APOL1 alleles incur a 1.49 
higher risk for CKD and a 1.88 higher risk for ESKD when 
compared to zero or one allele [198].

8.8.2  Reduction of Urine Albumin  
Excretion Rate

Urine Albumin excretion rate (UAER) is an independent 
CVD risk factor; it is also an excellent prognosticator of 
CKD progression as well as a strong biomarker of response 
to therapy. Pharmacological therapies that have been shown 
to decrease (UAER) include RAAS inhibitors (ACEis, 
ARBs, DRIs and ARAs), and when not tolerated non- 
dihydropyridine CCBs (Diltiazem).

8.8.3  Treatment of Anemia in CKD

Anemia in CKD may represent different pathophysiologi-
cal pathways such as erythropoietin deficiency, erythropoi-
etin resistance due to a multitude of causes such as chronic 
inflammation or secondary hyperparathyroidism (SHPT), 
chronic blood loss (may be more significant in dialysis 
patients), iron deficiency, vitamin B12 or folate deficiency, 
or a shortened erythrocyte life span [199, 200]. Furthermore, 
angiotensin II may play a minor physiological role in 
stimulating erythropoietin production in humans [201–
203]; ACEi may theoretically reduce the response to ESAs 
and contribute to ESA hypo-responsiveness or resistance 
[204, 205].
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Anemia usually occurs once eGFR declines below 60 and 
hemoglobin (Hb) levels usually correlate with severity of 
CKD. The best marker in CKD patients is the Hb, rather than 
the hematocrit, which may vary with ECF volume, measuring 
methods, and sample storage time. Workup for anemia in 
patients with CKD should reinforce:

 1. age-appropriate screening for occult blood loss,
 2. evaluate a peripheral smear and a reticulocyte count,
 3. check an iron panel with ferritin keeping in mind that fer-

ritin is an acute phase reactant that is often increased in 
patients with chronic inflammation [206]. CKD patients 
also have increased plasma hepcidin levels, thus inhibiting 
duodenal iron absorption and further contributing to iron 
deficiency [207].

 4. check a vitamin B12 and RBC-folate levels, but
 5. should not include erythropoietin levels, which rarely add 

anything to the evaluation and management plan.

Anemia has been associated with increased mortality, 
more frequent hospitalizations, impaired cognitive function, 
reduced functional status and exercise tolerance, a higher left 
ventricular mass index (LVMI) and left ventricular 
hypertrophy (LVH, an independent predictor of increased 
mortality risk) [61], and increased cardiovascular disease.

Treatment of anemia decreases the need for RBC transfu-
sions [208], may cause partial regression of LVH [209], 
reverses most clinical manifestations, may improve func-
tional status, and some even report improved survival. The 
benefits of treatment of anemia remains a topic of debate; for 
example, a systematic review of the effect of ESA therapy on 
affects health-related quality of life (HRQOL) in CKD 
patients did not reveal any significant improvement [210].

Currently approved ESAs by the FDA in the USA include 
recombinant human erythropoietin, darbepoetin alpha, and 
methoxy polyethylene glycol-epoetin beta. One of the 
adverse effects of erythropoietic stimulating agents (ESAs) 
is a higher BP. Oral iron must be taken between meals and 
should not be combined with calcium-based binders as they 
bind each other.

In summary, for the majority of patients, ESA therapy is 
initiated when Hb levels decline below 9 g/dL and therapy 
should target a goal Hb of 10–11 g/dL and levels higher than 
12 g/dL must be avoided. Higher goals have been associated 
with poorer BP control and increased risk of stroke and 
mortality [208, 211].

8.8.3.1  KDIGO Clinical Practice Guideline 
for Anemia in CKD

In 2012, the KDIGO Anemia Work Group published a 
“Clinical Practice Guideline for Anemia in CKD” [212].

 1. Diagnosis and Evaluation:
 1a. Diagnose anemia in CKD when the hemoglobin (Hb) 

concentration is <13 g/dL in men and < 12 g/dL in 
women.

 1b. In patients with CKD but no anemia, measure Hb 
when a clinical indications arises and at least once 
every 12 months in patients with stage 3 CKD, at 
least once every 6  months in patients with stage 
4–5 non-dialysis CKD, and at least every 3 months 
in patients on hemodialysis or peritoneal  
dialysis.

 1c. In patients with CKD and anemia receiving pharma-
cological therapy with ESA, measure Hb when a 
clinical indications arises and at least once every 
3  months in patients with stage 3–5 non-dialysis 
CKD or who are on peritoneal dialysis, and at least 
every 1 month in patients on hemodialysis.

 1d. In any patient with CKD diagnosed with anemia, ini-
tial workup must include a complete blood count 
(CBC), absolute reticulocyte count, serum ferritin 
level and a serum transferrin saturation (TSAT), 
serum vitamin B12 and folate levels.

 2. Iron Therapy. When prescribing intravenous (IV) iron 
therapy for patients with CKD, anemia and iron 
deficiency:
 2a. Weigh the advantages (alleviation of clinical 

symptoms, minimization of blood transfusions, 
optimal utilization of ESA therapy) against the 
short-term and long-term potential risks (anaphy-
lactoid and other acute reactions, unknown long-
term risks).

 2b. Exclude any active infection, especially systemic.
 2c. Confirm pre-requisite laboratory data: transfer-

rin saturation (TSAT)  ≤  30% and a ferritin ≤ 
500 ng/ml.

 2d. For patients not receiving any ESA therapy, a trial of 
IV iron may be initiated when a higher Hb concentra-
tion is desired without ignition any ESA.

 2e. For patients receiving ESA therapy who are not 
receiving iron supplementation, a trial of IV iron may 
be initiated after exclusion other causes of ESA 
hypo-responsiveness, and when a higher Hb 
concentration or a lower ESA dose is desired.

 2f. For patients with non-dialysis CKD, a trial of oral 
iron therapy for 1–3 months may be initiated as an 
alternative to IV iron depending on “the severity of 
iron deficiency, availability of venous access, 
response to prior oral iron therapy, side effects with 
prior oral or IV iron therapy, patient compliance, and 
cost”.

 2g. Evaluate clinical picture, past and present responses 
to iron therapy, iron parameters, blood loss, Hb 
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trends, ESA dose and responsiveness to judge the 
utility of future iron use.

 2h. Measure TSH and Ferritin at least every 3  months 
when starting or maintaining iron therapy, or more 
often when monitoring response to IV iron or when 
starting, maintaining or changing ESA therapy, or 
when a clinical indication arises.

 2i. Study the safety of the IV iron formulation used and 
ensure a safe environment for administration, 
adequate monitoring and resuscitation if an adverse 
event occurs.

 3. ESA Therapy: When prescribing ESA therapy for patients 
with CKD and anemia:
 3a. Exclude, and treat, reversible causes such as iron 

deficiency of inflammatory diseases.
 3b. Weigh the advantages (alleviation of clinical symp-

toms, minimization of blood transfusions, optimal 
utilization of ESA therapy) against the potential risks 
(higher BP, increased thrombotic complications such 
as clotting of arteriovenous access or stroke).

 3c. In patients with active malignancy with a favorable 
prognosis, history of malignancy or history of CVA, 
uses ESA with extreme caution.

 3d. For patients with ND-CKD and a Hb ≥ 10 g/dL, ESA 
therapy should not be initiated; if Hgb < 10 g/dL then 
clinical risk-benefit analysis should be done to reach 
an individualized decision whether to initiate ESA 
therapy.

 3e. In patients with stage 5D-CKD, avoid Hb decline to 
a level below 9.0 g/dL and initiate ESA when Hb is 
9.0–10.0 g/dL.

 3f. ESA may be started at higher Hb in select patients 
who may have a better quality of life.

 3g. Maintenance ESA therapy should be used to main-
tain a Hgb level at 10–11.5 g/dL in most patients and 
never to intentionally target a Hgb above 13 g/dL.

 3h. Initial ESA dose is weight based, and considers 
severity of anemia and clinical manifestations. Dose 
adjustments are tailored to ESA responsiveness, rate 
of Hb increments, clinical picture, patient safety and 
freedom from adverse events. When a Hb drop is 
desired, decreasing ESA dose is preferred to 
withholding dose whenever possible.

 3i. For patients with ND-CKD or stage 5D-CKD on PD, 
subcutaneous administration of ESA is suggested; 
for patients on hemodialysis either intravenous or 
subcutaneous is suggested.

 3j. Frequency of ESA administration must be custom-
ized based on CKD stage, ESA type and half-life, 
administration setting, responsiveness, and patient 
preference.

 4. Difficulty Achieving Goal Hb:

 4a. When initiating ESA therapy, check Hb at least once 
a month. For patient on maintenance therapy, measure 
Hb at least monthly in stage 5D-CKD patients and at 
least every 3 months in ND-CKD patients.

 4b. Identify initial ESA hypo-responsiveness in new 
patients receiving the proper weight-based ESA 
dose and whose Hb fails to respond; titrating ESA 
dose should not exceed double the initiation dose.

 4c. Identify subsequent acquired ESA hypo- 
responsiveness in patients who had a stable Hb on a 
maintenance ESA therapy, and who then require two 
dose increases of 50% or more of the original 
maintenance ESA dose for a declining Hb; titrating 
ESA dose should not exceed double the original 
maintenance ESA dose.

 4d. Evaluate hypo-responsive patients for specific causes 
such as inadequate iron stores, infection or 
inflammation, SHPT, etc… and if correcting any 
secondary causes fails to achieve goal Hb, then 
individualize therapy with ESA and or blood 
transfusions to achieve minimum safe Hb.

 5. Red Blood Count (RBC) Transfusion:
 5a. Avoid RBC transfusions, whenever possible, for 

treatment of anemia due to inherent transfusion risks; 
especially in kidney transplant candidates to minimize 
risk of allosensitization.

 5b. Consider RBC transfusion in select patients, where 
benefits outweigh risk, such as patients with ESA 
hyporesonsiveness or bone marrow failure or 
hemoglobinopathies where ESA therapy is 
ineffective, or in patients with an active or past 
malignancy or a history of a CVA.

 5c. RBC transfusion should be guided by occurrence of 
symptoms and not be any Hb threshold.

8.8.4  Managing CKD-MBD

Patients with CKD develop a series of abnormalities relat-
ing to mineral (calcium and phosphorus) and bone metabo-
lism. The earliest biomarker abnormality to herald this 
complex disorder is a rise in parathyroid hormone (PTH) 
reflective of parathyroid tissue hyperplasia, usually seen 
when the eGFR declines below 60, and other biomarkers 
include an elevated fibroblast growth factor 23 (FGF-23), 
elevated bone alkaline phosphatase, a low 1,25-dihydroxy-
vitamin D3 (calcitriol) level, hyperphosphatemia, and hypo-
calcemia [213]. Such biochemical abnormalities usually 
indicate defective bone metabolism (with increased fracture 
risk) with one or other of two major phenotypes: high bone 
turnover as is seen in osteitis fibrosa cystica, or low bone 
turnover as is seen in adynamic bone disease or osteomala-

8 Chronic Kidney Disease in the Primary Care Setting: Cardiovascular Disease Risk and Management



204

cia. Furthermore, this chain of events is believed to trigger 
the transformation of vascular medial smooth muscle stem 
cells into osteoblast progenitor cells, which promote vascu-
lar calcification.

8.8.4.1  Hyperphospahtemia
In patients with ND-CKD, hyperphosphatemia or a serum 
phosphorus in the upper normal range is a risk factor for CVD, 
arterial and valvular calcification and all-cause mortality, and 
for every rise in serum phosphorus by 1 mg/dL, there was a 
statistically significant rise in prevalence of CAC by 21%, tho-
racic aortic calcification by 33% and mitral valve calcification 
by 25% [214]. Similarly, high FGF-23 levels independently 
predicted increased LVMI and risk of LVH [215].

With reduced renal phosphorus clearance, hyperphospha-
temia is usually treated with dietary modifications to restrict 
daily phosphorus intake to one gram and with phosphate bind-
ers. Phosphorus is an intracellular ion, and while most dialysis 
patients develop hypo-phosphatemia during a dialysis session, 
rebound hyperphosphatemia may still ensue post-dialysis.

Currently, FDA approved phosphate binders available in 
the US include:

 1. Calcium-based phosphate binders such as calcium acetate 
and calcium carbonate,

 2. Non-calcium-based binders:
 2a. sevelamer hydrochloride and sevelamer bicarbonate. 

Sevelamer has the added benefit of producing 
reductions in LDL-cholesterol.

 2b. lanthanum carbonate,
 2c. iron-based phosphate binders such as sucroferric 

oxyhydroxide, and ferric citrate,
 2d. aluminum hydroxide. Regular use of aluminum 

hydroxide has been abandoned due to bone toxicity 
(osteomalacia and cysts) and neurotoxicity 
(encephalopathy or dementia).

There is conflicting evidence whether calcium-based 
binders are inferior to non-calcium based binders in patients 
with non-dialysis CKD or ESKD on dialysis, as far as all- 
cause mortality or cardiovascular mortality, due to concerns 
that calcium-based binders may enhance CAC and other 
arterial calcifications [216].

A recent meta-analysis, including 77 clinical trials and 
12,562 patients, mostly dialysis patients, compared the effects 
of calcium-based phosphate binders or non-calcium- based 
phosphate binders on cardiovascular events and all- cause 
mortality and found no difference when compared to placebo; 
in subgroup analysis, sevelamer had a lower overall mortality 
rate (OR 0.39) when compared to calcium-based phosphate 
binders [217]. Similar major systematic reviews failed to 
show a similar survival benefit with Sevelamer [218, 219].

8.8.4.2  Vitamin D Insufficiency or Deficiency
Traditionally, the role of Vitamin D replacement in CKD 
patients has been to treat secondary hyperparathyroidism 
(SHPT) with the activated hormonal vitamin D form, 
calcitriol (1,25-dihydroxycholecalciferol), or with a synthetic 
vitamin D analog (e.g. calcifediol, doxercalciferol, 
 paricalcitol). However, 25-hydroxy vitamin D insufficiency 
or deficiency has been increasingly diagnosed in CKD 
patients and it is believed it accelerates SHPT, and thus when 
diagnosed in this setting, it is recommended to replace this 
deficiency with vitamin D2 (ergocalciferol) or vitamin D3 
(cholecalciferol).

One of the reasons that pharmacological therapy, rather, 
than augmented dietary intake is favored, is that vitamin 
D, a fat-soluble vitamin, would dictate a high-fat food 
items, a diet not generally encouraged in this patient 
population.

With vitamin D receptors being discovered in many tis-
sues (e.g. heart, prostate), the scope of vitamin D therapy 
may be expanded beyond SHPT, for example, some 
observational data have linked activated vitamin D intake in 
patients with EKSD on dialysis to improved cardiovascular 
outcomes and survival [220, 221].

8.8.4.3  SHPT
Current therapies for SHPT include pharmacological therapy 
with a vitamin D analog or a calcimimetic, or surgical 
parathyroidectomy.

There is no current evidence that either form of pharma-
cological therapy is superior to the other in SHPT, and many 
patients may receive a combination of both forms of therapy. 
When monotherapy is suitable, the choice is usually guided 
by the patient’s biochemical profile, i.e. serum calcium and 
phosphorus levels: vitamin D analogs tend to promote hyper-
clacemia and hyperphosphatemia whereas calcimimetics 
may cause hypocalcemia [222]. There is no clinical evidence 
at this time that vitamin D analogs enhance vascular calcifi-
cations via promoting a higher serum calcium level.

Cinacalcet, an oral calcimimetic, used to treat SHPT in 
patients with ESKD on dialysis, failed to show any survival 
benefit in patients with moderate to severe SHPT and receiv-
ing standard therapy when compared to placebo; further-
more, the EVOLVE trial investigators did not detect and 
decrease in cardiovascular events with cinacalcet [223].

While SHPT and hyperphosphatemia are risk factors for 
increased mortality, no pharmacological intervention to this 
date have been shown to offer any survival benefit. For 
example, a recent metanalysis of 28 clinical trials with 6999 
participants reported “weak and imprecise” associations 
between different pharmacological agents, surrogate 
biomarkers and mortality and added that many trials were 
plagued with risk of bias [224].
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8.8.4.4  KDIGO Clinical Practice Guideline 
for the Diagnosis, Evaluation, 
and Treatment of CKD–Mineral and Bone 
Disorder

The “2009 KDIGO Clinical Practice Guideline for the 
Diagnosis, Evaluation, and Treatment of CKD–Mineral and 
Bone Disorder (CKD-MBD)” recommends the following for 
patients with stage 3–5D CKD [225]:

 1. Biochemical:
 1a. Start checking calcium, phosphorus, iPTH, and alka-

line phosphatase regularly in any patient with stage 
3–5D CKD and monitor calcium and phosphorus 
every 6–12 months in stage 3 CKD, every 3–6 months 
in patients with stage 4 CKD and every 1–3 months 
in stage 5 CKD; monitor alkaline phosphatase and 
iPTH less frequently depending on baseline levels 
and rate of CKD progression. Monitoring frequency 
may be increased when abnormalities are identified 
or when therapeutic interventions are initiated.

 1b. Check 25-hydroxy-vitamin D (calcidiol) and correct 
any insufficiency or deficiency and order follow-up 
levels based on baseline levels and whether 
therapeutic interventions have been initiated.

 1c. It is best to base therapeutic decision making on 
trends of biomarkers rather than single laboratory 
values.

 1d. Its is suggested that calcium and phosphorus levels 
be used to guide clinical decisions rather than the 
CaxP product.

 1e. All labs must be interpreted in lieu of the sample 
source and handling, and assay methods used at the 
laboratory.

 2. Bone:
 2a. A bone biopsy may be performed if a clinical indica-

tion arises, such as persistent bone pain, unexplained 
fractures or hyperclacemia or hypophosphatemia, 
suspected aluminum toxicity, prior use of 
bisphosphonates.

 2b. In patients with clinical evidence of CKD-MBD, rou-
tine bone mineral density testing is not recommended 
because it fails to predict fracture risk or type of renal 
osteodystrophy.

 2c. Bone disease can be evaluated with iPTH or bone- 
specific alkaline phosphatase, both of which may 
provide clues to state of bone turnover.

 3. Vascular calcifications:
 3a. When indicated, a lateral abdominal radiograph to 

detect vascular calcifications and an echocardiogram 
to detect valvular calcifications be used rather than an 
EBCT.

 3b. Patients with vascular or valvular calcifications 
should be classified as highest cardiovascular 
risk.

 4. Treatment of Mineral Disorders:
 4a. Keep serum phosphorus in normal range for ND- 

CKD patients and lower phosphorus toward normal 
range in dialysis patients.

 4b. Keep serum calcium in normal range.
 4c. (4c) In stage 5D-CKD a dialysate calcium between 

2.5 and 3.0 mEq/L is suggested.
 4d. Restrict dietary phosphorus intake in patients with 

hyperphosphatemia.
 4e. Use phosphate binders to treat hyperphosphatemia, 

and restrict calcium-based binders and vitamin D 
analogs in patients with persistent or recurrent 
hypercalcemia or arterial calcifications or dynamic 
bone disease or a persistently low iPTH.

 4f. Avoid long-term use of aluminum-based phosphate 
binders.

 5. Treatment of SHPT:
 5a. In patients with stage 3–5 ND-CKD, optimal ipTH 

level is not clear and patients with SHPT should be 
checked and treated if reversible causes are detected 
such as hyperphsophatemia, hypoclacemia, and 
low 25-hydroxy vitamin D insufficiency or 
deficiency.

 5b. In patients with stage 3–5 ND-CKD with persistent 
SHPT despite treating all potential causes, initiate 
calcitriol or vitamin D analog therapy.

 5c. Look for trends in iPTH levels to guide therapy, 
rather than single values, and maintain levels between 
2–9 upper normal limit of the assay.

 5d. In patients with stage 5D-CKD and SHPT, therapy 
with calcitriol or vitamin D analog therapy or a 
calcimimetic or a combination should be started and 
choice should be guided by serum calcium and 
phosphorus levels. Vitamin D therapy should be 
reduced or stopped when hypercalcemia or 
hyperphosphatemia ensue; similarly calcimimetic 
therapy should be adjusted or stopped if hypocalcemia 
develops and based on clinical manifestations. Stop 
any therapy if iPTH goes below two times the upper 
normal level of the iPTH assay.

 5e. In patients with stage 5D-CKD and SHPT, who fail 
to respond to therapy, surgical parathyroidectomy is 
suggested.

 6. Other pharmacological therapies:
 6a. In patients with stage 1–2 CKD with osteoporosis or 

high fracture risk, manage as non-CKD patients.
 6b. In patients with stage 3 CKD and normal PTH with 

osteoporosis or high fracture risk, manage as non- 
CKD patients.
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 6c. In patients with stage 3 CKD and CKD-MBD with 
low bone mineral density or fragility fractures, 
consider a bone biopsy and customize therapy 
based on magnitude and reversibility of 
CKD-MBD.

 6d. In patients with stage 4–5D CKD and CKD-MBD 
with low bone mineral density or fragility fractures, 
a bone biopsy is suggested prior to initiating 
therapy.

8.8.5  Managing Acid-Base and Electrolyte 
Disturbances

Metabolic acidosis, mostly normal anion-gap and occasion-
ally high-anion-gap in more advanced stage 4–5 CKD or 
uremic ESKD, complicate CKD in its more advanced stages 
(usually at an eGFR<25).

Metabolic Acidosis is due to:

 1. A decreased nephron mass and thus an impaired ability to 
excrete a net daily dietary intake of an acid load estimated 
at 1 mEq per kg,

 2. Decreased total ammoniagenesis and ammonia excretion 
(required as one of the buffers of the excreted acid load) 
despite an adaptive increase in ammonia production by 
each of functional renal tubules, and

 3. Decreased phosphorus excretion which limits the extent 
of tubular intra-luminal acid titration.

Adaptive mechanisms also result in the upregulation of 
aldosterone dependent proton excretion via type-A 
intercalated cells in the collecting duct. The resultant adaptive 
mechanisms enhancing ammonia production and aldosterone 
activity, among others, (a) enhance CKD progression; 
furthermore, metabolic acidosis is thought to (b) enhance 
protein catabolism in muscles as well as inhibit albumin 
synthesis and thus promoting muscle wasting and protein 
energy wasting and malnutrition, (c) worsen bone disease, 
(d) promote inflammation (the increased ammoniagenesis in 
remaining nephrons activates complement system), and (e) 
increase mortality.

Current recommendations for management of metabolic 
acidosis in ND-CKD are to initiate oral alkali therapy (e.g 
oral sodium bicarbonate) to correct the metabolic acidosis to 
a serum bicarbonate level of 22–24 mEq/L and to endeavor 
not to overcorrect due to potential adverse CV outcomes. In 
patients on dialysis, the dialysate bicarbonate is adjusted by 
the primary nephrologist to correct the metabolic acidosis 
[226]; and similarly overcorrection and ensuing metabolic 
alkalosis must be avoided as it accentuates the arrhythmogenic 
effects of hypokalemia.

8.8.6  Management of Protein Energy 
Wasting (PEW)/Protein Energy 
Malnutrition (PEM)

PEW/PEM is a risk factor for mortality and morbidity in 
stage 3–5D CKD patients.

The K/DOQI recommends assessment of protein and 
caloric intake in all patients with stage 3–5D CKD. There is 
no one biochemical marker to quantitate PEW/PEM; 
surrogates for nutritional status include albumin or 
prealbumin which serve as biomarkers of visceral protein, 
whereas anthropometric measurements (e.g. edema-free 
weight and BMI, waist circumference, waist/hip ratio, % 
body fat, skin fold thickness) and creatinine production rates 
serve as biomarkers of somatic/muscle proteins. Other 
methods to evaluate protein intake include normalized 
protein nitrogen appearance (nPNA), a subjective global 
assessment (SGA includes appetite, GI symptoms, food 
intake, physician’s assessment) or food diaries.

PEW is the end of result of multiple pathophysiological 
processes:

 1. Decreased daily caloric intake and dietary protein intake 
due to CKD clinical manifestations such as poor appetite, 
nausea or vomiting,

 2. Increased branched amino acid catabolism in muscles and 
inhibition of albumin synthesis due to metabolic acidosis,

 3. Diminished visceral protein anabolism due to acute or 
chronic inflammation.

Dietary protein restriction in patients with ND-CKD is 
hypothesized to slow down the progression of CKD, but the 
evidence in the literature is controversial, not always 
reproducible or uniform. However, protein restriction to 
0.8 g/kg per day of healthy body weight (not safe to go below 
0.6 g/kg per day) with the addition of daily urinary protein 
losses is a reasonable and safe recommendation as it would 
serve not to counter the effects of anti-proteinuric therapy as 
well as reduce risks of hyperphosphatemia, metabolic 
acidosis, and azotemia [227–229]. Other goals to minimize 
PEW/PEM include maintaining serum bicarbonate level of 
22–24 mEq/L and targeting an albumin goal above 4 g/dL.

In dialysis patients, protein energy wasting is a risk factor 
of mortality and a high-protein diet of 1.4 g/kg per day is 
recommended and often patients may be prescribed oral pro-
tein supplements.

8.8.7  Chronic Inflammation

CKD, irrespective of the specific underlying etiology, is 
invariably associated with a reduction in functional renal 
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mass and secondary adaptive glomerular hyperfiltration; 
persistent hyperfiltration and increased intraglomerular 
capillary pressure promote immune-activation and an 
inflammatory state, eventually leading to injury and damage 
in all the kidney compartments, namely, glomerular, vascular 
endothelial, and tubulointerstitial. Similarly, glomerular 
podocyte injury and the resultant micro- or macro- 
albuminuria results in a pro-inflammatory state and 
tubulointerstitial disease [230, 231].

Chronic inflammation is a risk factor for cardiovascular 
mortality in patients with CKD.  Inflammation is 
multifactorial:

 1. CKD patients have altered gut microbiota (intestinal dys-
biosis) and intestinal inflammation with significant dis-
ruptions in the functional integrity of the intestinal 
epithelial barrier, resulting in a “leaky gut” and 
translocation of bacterial DNA and endotoxins into the 
systemic circulation. Blood endotoxin levels correlate 
with severity of CKD and in stage 5D-CKD, said levels 
predict the severity of inflammation and correlate with 
atherosclerosis risk. To compound this problem further, 
dietary restrictions imposed on CKD patients, especially 
low potassium and low phosphorus, dictate a low plant 
fiber diet which also result in a secondary change in the 
gut microbiome. Epidemiological studies suggest that a 
high-fiber diet promotes the growth of endosymbiotic 
bacteria, thus preventing gram-negative bacterial 
overgrowth and the production of endotoxins and gut-
derived uremic toxins, and thereby minimizing these 
triggers of systemic inflammation. Similarly, some 
observational studies suggest a beneficial role of 
prebiotics (ingested non-digestible compounds which 
enhance bacterial growth and activity, e.g. chicory), and 
probiotics (ingested live organisms, e.g. treated yogurts) 
[232–234].

 2. CKD patients with DM must have regular foot exams to 
detect any diabetic foot ulcers, which are a significant 
source of inflammation.

 3. Patients with ESKD on RRT have multiple potential 
sources of inflammation such as presence of dialysis 
catheters, exposure of blood to dialysis membranes and 
tubings in HD, exposure of peritoneal cavity to peritoneal 
dialysate in PD.

There are currently no evidence-based interventions 
from large clinical trials to stop, decrease or reverse 
inflammation and CVD risk in patients with CKD. However, 
it is recommended that a high plant-fiber diet (Dietary 
Reference Intakes advises 14 g dietary fiber per 1000 kcal 
per day) be used to restore a more favorable gut microbiota. 
Furthermore, the use of biocompatible dialysis membranes 

and PD solutions may also decrease the burden of 
inflammation.

8.8.8  Dietary Modifications

Patients with CKD are advised to follow the following 
dietary restrictions, which may also help minimize risk of 
CVD:

 1. Restrict daily sodium intake to 2 grams (or 5 grams of 
sodium chloride) daily. Unfortunately, this may be a 
challenge for some in the present time especially that 
most pre-packaged processed foods are usually high in 
salt. High salt intake is associated with increased 
oxidative, which may contribute to CKD and CVD, and a 
more expanded ECF volume and higher BP thus 
interfering with effectiveness of BP lowering medications.

 2. A protein restriction to 0.6–0.8 g/kg per day of healthy 
body weight (plus daily urinary protein losses) may help 
slow down progression of CKD especially in patients 
with DM, reducing eGFR decline by 0.53  mL/min 
per  annum [235], while preventing PEW/PEM.  A high 
animal-protein diet has been associated with glomerular 
hyperfiltration [236] as well as worsening metabolic 
acidosis and is thus not recommended in patients with 
CKD. In contrast, increasing plant-protein intake does not 
increase glomerular filtration, does not increase daily acid 
load, increases daily fiber intake which in turn may 
decrease inflammation [234].

 3. A high fiber diet is recommended for patient with CKD 
with special attention to potassium and phosphorus 
imbalances, examples include fruits and vegetables, 
whole grains and legumes. A high-fiber diet (16–17 
grams daily) in elderly Swedish subjects was associated 
with slower CKD progression assessed by eGFR (cystatin 
C), less inflammation reflected by CRP and IL6 levels, 
lower cancer-mortality, and better overall survival in 
patients with stage 3–5D CKD after a median followup 
of 10 years [237].

8.8.9  Constant Monitoring for Prescription 
and Non-Prescription Medications

Patients with CKD and or CVD frequently have a significant 
pill burden; in fact, patients with ESKD on HD have a median 
daily pill burden of 19 with 25% of the patients taking more 
than 25 pills a day [238]. This triggers concerns over 
medication or dosing errors (e.g. not adjusting dose to 
eGFR), use of contraindicated agents, drug-drug interactions, 
risk of adverse reactions, and overall safety. Thus it is 
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essential that PCPs, nephrologists and other specialists work 
closely together to simplify dosing regimens (avoid more 
than twice daily dosing whenever possible) and to ensure 
safety of medication choice, dosing as well as the whole 
prescription regimen.

For example, in a cohort of 267 patients with stage 3–5 
CKD from the “Safe Kidney Care study”, 69.3% of 
participants had an adverse event, with hypoglycemia being 
the highest patient-reported adverse event followed by severe 
dizziness or falls, and hyperkalemia being the highest 
laboratory- confirmed adverse event [239]. Thus, special care 
must be offered to choosing and dosing oral hypoglycemics 
in CKD patients.

Slowing down the progression of CKD and thus avoiding 
an additional CVD burden risk, requires constant diligence 
to monitor the intake of potential nephrotoxic medications 
or herbs. Analgesics, especially non-steroidal anti- 
inflammatory drugs top the list of the undesirables; high-
dose acetaminophen should also be avoided. Alternative 
medicines and supplements, to this date, are not FDA 
regulated, and as many as one third been shown to be 
contaminated with heavy metals at the production site [240]; 
in addition, the safety of many has not been studied in 
clinical trials and some are known to be harmful or 
nephrotoxic. The NKF published a list of 37 harmful herbs 
that must be avoided in patients with CKD, this list can be 
accessed at the NKF website [241].

Illicit drug use has been associated with increased CKD 
as well as CVD risk [242]. For example, cocaine and meth- 
amphetamines have been associated with hypertensive and 
ischemic damage resulting in ESKD as well as 
cardiomyopathy; adulterated cocaine has also been associated 
with ANCA-vasculitis.

8.8.10  Evidence for Specific CV Conditions

8.8.10.1  Sudden Cardiac Death
As mentioned earlier, sudden cardiac death accounts for 37% 
of mortality seen in patients with ESKD on HD.  A meta- 
analysis of seven RCTs (2867 patients) evaluated the benefits 
of primary prevention implantable cardioverter-defibrillator 
(ICD) in CKD and found that the survival benefit attributed 
to ICDs is GFR dependent and retained its statistical 
significance for a GFR ≥60 mL/min/1.73 m2 but not lower 
[243].

8.8.10.2  Percutaneous Coronary Interventions
In patients with an eGFR <60 and when indicated, a meta- 
analysis of 26 clinical trials with 66,840 patients has shown 
a survival benefit and lower complication rate (repeat 
revascularization, myocardial infarction) when using drug-
eluting stents when compared to bare-metal stents [244]. The 

lower restenosis rate with drug-eluting stents was reproduced 
by another randomized clinical trials in CKD patients [245].

8.8.10.3  Atrial Fibrillation
Atrial fibrillation is associated with an increased risk for all- 
cause mortality, cardiovascular mortality, stroke namely 
thromboembolic stroke (but not hemorrhagic stroke), 
ischemic heart disease, HF, PAD, sudden cardiac death, and 
CKD [246].

In turn, CKD is associated with a higher risk of non- 
valvular AF and stroke as well as a higher risk of bleeding.

In patients with ND-CKD, anticoagulation for high risk 
(CHADS1) non-valvular AF decreases risk of ischemic 
strokes and all-cause as well as cardiovascular mortality 
without a significant rise in major bleeding [247–249].

However, the debate of the risk-benefit ratio with the use 
of anticoagulation for the treatment of high-risk ESKD 
dialysis patients with non-valvular AF is ongoing. For 
example, a 2016 meta-analyses reported a significant rise in 
the risk of major bleeding and no benefit in stroke prevention 
with warfarin therapy in this patient population [247], while 
other studies report a benefit with lower thromboembolic 
risk. Thus, the decision for or against anticoagulation therapy 
in dialysis patients must be customized to each patient based 
on a thorough risk-benefit analysis.

8.8.10.4  Cardiorenal Syndromes
The 2013 “American College of Cardiology Foundation 
(ACCF)/American Heart Association (AHA) Guideline for 
the Management of HF” recommends that all patients with 
HF have an initial as well as serial monitoring of kidney 
function [250]; this reflects the fact that neither CKD nor 
worsening kidney function are uncommon in HF, and both 
carry a poorer prognosis. However, whereas albuminuria and 
eGFR are both useful at quantitating risk in HD, eGFR alone 
should be used to guide HF therapy at this time and until 
such evidence emerges for the role of other CKD biomarkers 
as far as therapy and prognosis [251].

The main challenge in types 1 and 2 cardiorenal syn-
dromes is to achieve the optimal balance between successive 
diuresis and the maximal benefit of RAAS inhibition to 
avoid the fluctuation from one extreme and another, namely 
between acuter decompensated heart failure on the one hand 
and AKI due to excessive diuresis and effective arterial vol-
ume depletion on the other. Furthermore, worsening kidney 
function may predispose to hyperkalemia and deprive 
patients with symptomatic HF and reduced LVEF from the 
survival benefits associated with dual aldosterone receptor 
antagonist therapy and ACEi therapy.

A meta-analysis evaluated the impact of worsening kidney 
function (WRF) after initiation of RAAS inhibition in patients 
with HF and left ventricular systolic dysfunction, and included 
five clinical trials (SOLVD  – Studies of Left Ventricular 
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Dysfunction, SAVE Survival and Ventricular Enlargement 
Trial, RALES – the Randomized Aldactone Evaluation Study, 
Val-HeFT – Valsartan Heart Failure Trial, and EPHESUS – 
Eplerenone Post-Acute Myocardial Infarction Heart Failure 
Efficacy and Survival Study) and showed a survival benefit 
with RAAS inhibition irrespective of whether the patients 
experienced WRF (Relative Risk RR 0.72, P < 0.001) or not 
(RR 0.91, P = 0.04). More patients in the RAAS treatment 
group developed WRF and WRF was a predictor of increased 
mortality (RR 1.22, P = 0.0003) when compared to the RAAS 
treatment group with no WRF. However, when the mortality 
rates in the RAAS treatment group with WRF were compared 
to the placebo group with WRF, RAAS inhibition was associ-
ated with a reduction in mortality; the magnitude of this pro-
tective effect was greatest in patients in the treatment subgroup 
with WRF [119].

8.9  Summary and Conclusions

CKD is associated with increased risk for CVD.  Patients 
with CKD require a specialized focus on multiple clinical 
parameters that may lead to the progression of CKD, but also 
need global cardiovascular risk reduction efforts. Estimation 
of GFR provides a better measure of renal function com-
pared to the serum creatinine, and better informs clinicians 
of the need for needed intervention and appropriate targets 
for therapy. Earlier treatment of CKD may slow progression 
and optimize treatment for renal replacement therapy.
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