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Summary

Chronic kidney disease (CKD) is conventionally defined, graded, and
diagnosed using glomerular filtration rate (GFR) and albuminuria (or other
features of kidney injury), along with persistence for 3 months or more.
CKD, so defined, is common, particularly in the elderly with comorbidities
such as diabetes. Estimates of its global prevalence vary.

The etiopathogenesis of CKD is extremely varied. Major subdivisions are
diabetes- and nondiabetes-related CKD.

Cardiovascular disease (CVD), in its many forms, commonly accompanies
CKD, particularly in moderate to severe grades of CKD (GFR <45 mL/
min/1.73 m?) in older adults. The pathophysiology underlying CVD in
CKD is complex and shares many features of CVD occurring in patients
without CKD.

Left ventricular hypertrophy and myocardial fibrosis are common with
advancing grades of CKD contributing to risks of heart failure (HFrEF and
HFpEF) and arrhythmias.

Risk stratification for CVD in CKD is complex and still evolving. Most
CVD risk equations do not include CKD as a risk variable. Many experts
regard CKD as a coronary disease risk equivalent, like some define
diabetes.
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* Primary prevention of CKD (and thereby reducing CVD risk) is possible
but difficult to prove without long-term randomized clinical trials.
Screening of asymptomatic persons at risk for CKD may allow for early
detection of CKD and better success for secondary prevention.

* Secondary prevention of progression of CKD to higher grades will likely
prevent CVD (in a primary or secondary way). Several successful strate-
gies for secondary prevention of progressive CKD have also been shown to
prevent CVD and its complications in randomized clinical trials.

1 Introduction

Chronic kidney disease (CKD) is most commonly defined in adults by a matrix of
estimations or measurement of glomerular filtration rate (GFR) and signs of kidney
injury (abnormalities of urinary albumin or protein excretion, urinalysis, imaging,
or kidney biopsy) which persists for at least 3 months (see Fig. 1) [1]. The severity
(and prognosis) of CKD is judged by categories of GFR and albuminuria. As such,
CKD can be present with normal levels of GFR, but with increased albuminuria,
and an abnormally low GFR can define CKD even in the absence of signs of kidney
injury. So defined, CKD is relatively common (particularly in older adults), affects
both genders and many ethnicities (preferentially racial minorities), and can in some
cases progress to advanced kidney failure requiring dialysis or kidney transplanta-
tion. CKD is also associated with excess mortality and morbidity (especially that
related to cardiovascular disease, CVD). It is crucial to recognize and appreciate
that CKD is a “generic” term representing many individual diseases, often divided
into diabetes-related and nondiabetic forms. Obviously, the nature of the disease
underlying CKD has an important effect on the risks for and the kinds of CVD that
develops before, concomitantly, or after development of CKD. The prognosis for
“generic” CKD, illustrated by the colored “heat map” in Fig. 1, has been derived
from large epidemiological studies that provide an “average” risk, which can vary
considerably from specific disease to disease. For example, the risk of CVD for a
given patient with type 2 diabetes or lupus nephritis with grade 3B CKD may not be
the same, even after adjusting for age and other comorbidities as in a patient with
the same grade of CKD due to IgA nephropathy or tubulointerstitial nephritis. It is
not possible to structure this chapter around the specific diseases causing CKD,
many of which are not preventable, so we will rely on the “generic” CKD concept,
with full recognition of its limitations.

The cardiovascular diseases present in or developing after the recognition of
“generic” CKD, so defined, are diverse and include coronary artery disease (CAD,
also known as ischemic heart disease), congestive heart failure (either of the reduced
or preserved ejection fraction varieties [HFrEF or HFpEF, respectively]), strokes
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Fig. 1 The categorization of CKD and its prognosis using a 2 x 2 matrix of glomerular filtration
rate (GFR — measured or estimated) and albuminuria (tACR — urine albumin-to-creatinine ratio).
Green, no CKD; yellow, orange, and red, increasing levels of risk for adverse events, including
CVD. (Reprinted from Summary of Recommendations Statements [*]. With permission from
Elsevier)

Table 1 Prevalence of cardiovascular morbidities in patients with CKD vs. without CKD

Cardiovascular morbidity With CKD (%) | Without CKD (%)
Any CVD 64.5 324
Coronary artery disease (CAD) 37.9 15.6
Acute myocardial infarction (AMI) 9.3 2.3
Heart failure (HF) 25.9 6.1
Valvular heart disease (VHD) 12.8 5.1
Cerebrovascular accident/transient ischemic attack 16.1 6.7
(CVA/TIA)

Peripheral artery disease (PAD) 25.2 9.7
Atrial fibrillation (AF) 23.8 9.8
Sudden cardiac arrest/ventricular arrhythmias (SCA/VA) | 4.1 1.4

US Renal Data System [8] - Medicare data

(hemorrhagic, thrombotic, or embolic), peripheral artery disease, valvular heart dis-
ease, and arrhythmias (sudden cardiac death and non-valvular atrial fibrillation) (see
Table 1) [2]. The general topic of coronary artery disease in CKD has been of great
interest for decades. A state-of-the-art review commissioned by the Kidney Disease:
Improving Global Outcomes (KDIDO) was recently published [3] and is an
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excellent source for contemporary information, unresolved issues, areas of contro-
versy, and future research priorities.

The CVD events associated with CKD (co-incidentally or causally) can also be
broadly divided into atherosclerotic and non-atherosclerotic forms. Death from
CVD is a common event in patients with CKD, especially in the elderly, and com-
monly supervenes before CKD has progressed to an advanced stage requiring dialy-
sis or transplantation for survival [4]. Cardiovascular mortality attributed to reduced
GFR outnumbers deaths due to kidney failure (ESKD) globally [5].

The pathophysiology underlying the connections between CKD and CVD is
complex and only partially understood [6]. Aging is one non-modifiable factor that
underlies both CKD and CVD. The CKD-CVD connection involves accelerated
atherogenesis, chronic extracellular volume expansion, intravascular pressure dis-
turbances, dyslipidemia, accumulation of “uremic” toxins, hyper-homocysteinemia,
hyperuricemia, disordered endocrine and hematological functions, and others. It is
likely that CKD itself promotes CVD and CVD can be a cause of CKD; disentan-
gling this “two-way street” in individual patients can be difficult and challenging,
particularly among the elderly. Observational data showing an association between
these two disease categories are confounded by this phenomenon. Nevertheless,
opportunities exist for both primary and secondary prevention of CVD and its mor-
bidity and mortality in patients with established CKD having a propensity for pro-
gression to ESKD.

This chapter will summarize the present state of these opportunities, with a focus
on patients with mild to moderate CKD rather than very advanced CKD, requiring
dialysis or transplantation. This chapter is not intended to be comprehensive but
rather a pragmatic discussion of the topic.

2 Epidemiology of CKD and Its Association with CVD

2.1 General CKD and CV Mortality

In the 2019 US Medicare population (mostly over age 65 years), the prevalence of
chronic kidney disease (CKD), using the Kidney Disease Improving Global
Outcomes (KDIGO) definition specified above, was found to be 14.5%. In this same
population, 67.5% of these CKD patients also shared a comorbidity of cardiovascu-
lar disease (CVD). In comparison, 35.5% of non-CKD patients were diagnosed
with CVD [7]. The 2018 US Medicare dataset was further broken down into specific
cardiovascular comorbidities. Coronary artery disease/acute myocardial infarction
(CAD/AMI,; 47.2%) was the most common CVD morbidity found among these
CKD patients, followed by heart failure (HF; 25.9%), peripheral artery disease
(PAD; 25.2%), atrial fibrillation (AF; 23.8%), cerebrovascular accident/transient
ischemic attack (CVA/TIA; 16.1%), valvular heart disease (VHD; 12.8%), and then
sudden cardiac arrest/ventricular arrhythmias (SCA/VA; 4.1%) (see Table 1) [8].
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Worldwide, the prevalence of CKD in adults in a meta-analysis performed in 2016
by Hill et al. was found to be 13.4% (95% CI 11.7-15.1%), the majority of which
was grade 3 CKD (7.6%; 95% CI 6.4-8.9%) [9]. One study estimates the global
burden of cardiovascular disease attributable to impaired kidney function to be
25.3 million disability-adjusted life years [10]. Grade 3 CKD is found in about 0.7%
in those 20-39 years of age and rises to 38% in those >70 years of age according to
a national survey in the USA conducted in 1999-2004 [11]. (Note the definitions of
CKD used in this survey may overestimate the prevalence of CKD in the elderly
adult) [12].

Most recently, the Global Burden of Disease-CKD Collaboration has indicated a
global prevalence of CKD in adults (all ages) to be about 9.1% or about 700,000,000
persons and the change of age-standardized prevalence over the past 27 years
(1990-2017) to be about +2.8% — essentially unchanged. However, the prevalence
of CKD varies quite widely from country to country. The global prevalence of end-
stage kidney disease treated by dialysis or transplantation continues to rise, largely
due to improved access to such treatment in less developed countries [9, 10].

Of note, several factors make the true prevalence of CKD difficult to ascertain in
such epidemiological studies. Mild to moderate CKD is likely underestimated due
to the asymptomatic nature of the disease, in studies examining volunteers or health
records. This ascertainment bias is much less likely when population-based studies
are used to estimate prevalence. Furthermore, estimates of prevalence are affected
by choices and accuracy of biomarkers and formulas used to estimate glomerular
filtration rate (GFR) or assess urinary albumin excretion rate. Using estimated rather
than measured GFR itself, inter-assay reliability, failure to fully assess disease dura-
tion versus “one-off” testing, and using an absolute rather than age-adjusted thresh-
old to diagnosis CKD all tend to overestimate CKD prevalence in the elderly (the
same individuals who are at increased risk for CVD) and underestimate the preva-
lence of CKD in younger adults [12—14]. Thus, the true global prevalence of non-
dialysis-treated CKD may be overestimated, perhaps by a factor of 2.

In summary, CKD is a common disorder, particularly in the older adult, and its
age-standardized prevalence in the population of the world is relatively stable but
variable between countries. As currently defined, CKD is also commonly associated
with CVD, predominantly because of the shared predilection of both CKD and
CVD to affect older and elder adults. Nevertheless, CVD is a significant contributor
to overall causes of morbidity and mortality in CKD patients. CVD and cancer
comprise the majority of the etiologies for death in overall CKD patients, at 30.2%
and 31.9%, respectively. Among those with a GFR <60 mL/min/1.73 m? and grade
3 CKD patients specifically, CVD was the leading cause of mortality and only
behind cancer and infection in grade 1-2 CKD patients [15]. The risk of cardiovas-
cular events increases directly with albuminuria and inversely to GFR, with both
albuminuria and GFR conferring independent risk to CV death relative to each other
as well as to other traditional risk factors [16, 17]. In grade 3 CKD patients, CVD
mortality was found to be about twice as high compared to individuals with normal
kidney function (Tables 2 and 3) [16]. A further breakdown of CVD mortality
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Table 2 Adjusted hazard ratio for death from any cause, cardiovascular events, and hospitalization
according to the estimated GFR

Adjusted hazard ratio (95% confidence interval) by estimated GFR
(mL/min/1.73 m?)
Endpoint >60 45-59 3044 15-29 <15
Death from any cause | 1.00 1.2 1.8 32 5.9
(1.1-1.2) | (1.7-1.9) | (3.1-3.4) | (5.4-6.5)
Any cardiovascular 1.00 1.4 2.0 2.8 34
event (1.4-1.5) | (1.9-2.1) |(2.6-2.9) |(3.1-3.8)
Any hospitalization 1.00 1.1 1.5 2.1 3.1
(1.1-1.3) | (1.5-1.5) |(2.0-2.2) |(3.0-3.3)

Based on data from Ref. [17]

Adjusted for age, sex, income, education, use or nonuse of dialysis, and presence or absence of
coronary heart disease, prior chronic heart failure, prior ischemic stroke or transient ischemic
attack, prior peripheral arterial disease, diabetes mellitus, hypertension, dyslipidemia, cancer, a
serum albumin level of 3.5 g per deciliter or less, dementia, cirrhosis or chronic liver disease,
chronic lung disease, documented proteinuria, and prior hospitalizations

Table 3 Pooled adjusted hazard ratios for cardiovascular mortality according to estimated GFR
from a meta-analysis

Estimated GFR

(mL/min/1.73 m?) Hazard ratio 95% CI
120 1.00 0.90-1.11
105 0.86 0.77-0.96
90 1.08 1.02-1.14
75 1.01 0.88-1.15
60 1.40 1.25-1.57
45 1.99 1.73-2.28
15 2.66 2.04-3.46

Based on data from Ref. [16]
Adjusted for age, sex, ethnic origin, history of cardiovascular disease, systolic blood pressure,
diabetes, smoking, and total cholesterol

showed ischemic heart disease to be leading cause of mortality, followed by strokes,
heart failure, valvular heart disease, and then arrhythmia in descending order. Stroke
mortality was more prevalent among mild stages of CKD, whereas HF and valvular
heart disease mortality increased with more severe stages of CKD [15]. Sudden
cardiac death is the leading cause of mortality in patients with dialysis-treated
ESKD [18].

2.2 CKD and Coronary Artery Disease (CAD)

Several clinical studies have found reduced kidney function to be independently
associated with an increased risk of CAD. In fact, the risk of myocardial infarction
in patients with advanced CKD is similar to or greater than the risk in patients with
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diabetes, such that some authors suggest CKD should also be considered a CAD
risk equivalent [19, 20].

The Atherosclerosis Risk in Communities (ARIC) study examined a population
of 14,971 men and women in the USA with grade 1-3 CKD over 12 years for de
novo and recurrent events of coronary heart disease defined as myocardial infarction
or coronary revascularization procedures. People with GFR equivalent to grade 3
CKD compared to no CKD had hazard ratios of 1.26 and 1.30 for de novo and
recurrent events of coronary heart disease, respectively, and a hazard ratio of 2.4 for
CAD mortality. Notably, the concurrence of anemia with grade 3 CKD greatly
increased the risk for recurrent coronary heart disease up to a hazard ratio of
8.01 [21].

The Chronic Renal Insufficiency Cohort (CRIC) study examined a population of
1123 men and women in the USA with mild to moderate CKD (GFR 20-70 mL/
min/1.73 m?) for coronary artery calcification using electron beam or multi-detector
computed tomography and found that 25.1% of patients had de novo calcification
and 18.0% of patients had progression of calcification at the end of an average of
3.3-year follow-up [22]. The Assessing Diagnostic Value of Noninvasive
Computerized Tomography-Derived Fractional Flow Reserve (FFRCT) in Coronary
Care (ADVANCE) study also found differences in presentation of acute coronary
syndrome in CKD patients, with those individuals with lower GFR tending to pres-
ent more often with acute myocardial infarction than with stable angina (especially
GFR <45 mL/min/1.73 m? HR 3.82, CI 1.55-9.46) [23].

2.3 CKD and Congestive Heart Failure (CHF)

CKD and CHF are intimately related chronic disease epidemics, and determining
which disease is primary versus secondary can often be difficult. The Atherosclerosis
Risk in Communities study found the incidence rate of de novo HF in their CKD
population to be 17-21%, with increasing incidence correlating with increasingly
severe CKD [24]. An analysis of the Chronic Renal Insufficiency Cohort population
demonstrated similar findings, although the correlation of CHF incidence and CKD
was stronger using urine albuminuria and cystatin C-based GFR rather than
creatinine-based GFR [25]. Multiple studies have found that reduced renal function
is independently associated with increased overall mortality, cardiovascular mortal-
ity, and hospitalization in patients with CHF, regardless of preserved versus reduced
ejection fraction status [26, 27].

2.4 CKD and Valvular Heart Disease

Valvular heart disease is more prevalent in the CKD population versus the general
population, with mitral regurgitation being the most prevalent (43% vs. 24%),
followed by aortic stenosis (9.5% vs. 3.5%), aortic regurgitation (19% vs. 10%),
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and then mitral stenosis (2% vs. 1%). CKD patients demonstrated greater degrees
of left atrial/ventricular dilation, left ventricular hypertrophy, and right ventricu-
lar systolic pressures on echocardiogram compared to the general population [28,
29]. Several studies have shown an independent association with increasing aortic
valve calcification and decreasing GFR [28, 30, 31]; however, associations of
mitral annular calcification and GFR were only observed with comorbid diabetes
[31]. At every level of increasing severity of aortic stenosis and mitral regurgita-
tion, CKD patients suffered greater mortality relative to their non-CKD counter-
parts [29].

2.5 CKD and Stroke

Kidney function is further inversely related to the incidence of stroke (including
both ischemic and hemorrhagic forms), with a 43% higher risk of stroke for eGFR
<60 mL/min/1.73 m* Hypertension, a crucial modifiable risk factor for stroke, is
commonly associated with CKD and worsens with advancing disease, likely com-
pounding the risk for stroke in CKD patients [32]. Among the measures of serum
creatinine, cystatin C, and urine albumin for kidney function, increasing urine albu-
min has been demonstrated by several studies to have the strongest independent
relationship with stroke risk [33, 34]. A nearly twofold increase risk of incident
stroke has been demonstrated in individuals with moderate albuminuria (urinary
albumin-creatinine ratio 30-300 mg/g) [32]. In one meta-analysis, the risk of hem-
orrhagic stroke was elevated even with small elevations in urinary albumin-
creatinine ratio <30 mg/g, although this may not have been sufficiently powered due
to the lower incidence of hemorrhagic strokes versus ischemic strokes (81% vs.
12%) [33]. The ARIC study additionally noted a marked increase of stroke risk in
CKD patients comorbid with anemia, with a hazard ratio of 543 (95% CI
2.04-14.41) compared to CKD patients without anemia [34]. An increased risk of
embolic stroke is associated with atrial fibrillation (see below).

2.6 CKD and Peripheral Arterial Disease (PAD)

Prevalence and incidence of PAD are higher in CKD populations compared to the
general population. An analysis of the National Health and Nutrition Examination
Survey (NHANES) estimated a prevalence of 24% of persons with ankle-brachial
index <0.9 among those with creatinine clearance <60 mL/min/1.73 m?* compared
to 3.7% among those with creatinine clearance >60 mL/min/1.73 m? [35]. Similarly,
the ARIC study observed a multivariable adjusted relative risk of 1.56 (95% CI
1.13-2.14) for incident PAD in CKD patients [36]. Women with CKD in particular
have been found to have a higher incident risk of PAD compared to men, especially
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at younger ages (age <40 years, HR 2.57, 95% CI 1.27-5.20) [37]. Albuminuria
itself, independent of decreased GFR, has also been found to be associated with an
increased risk of developing PAD [38], although there remains debate as to whether
this association holds true for nondiabetic patients [39].

2.7 CKD and Non-valvular Atrial Fibrillation (AF)

Atrial fibrillation is the most common cardiac arrhythmia, constitutes a risk for
embolic stroke, and has been shown by several studies to be associated with
CKD. The CRIC study estimates that non-valvular AF is prevalent in one-fifth of
the CKD population, a number replicated by the US Renal dataset Medicare popula-
tion and which is about two- to threefold of the prevalence in the general population
[40]. Furthermore, two prospective cohort studies further showed that the incidence
of AF was independently increased in CKD populations with lower cystatin C-based
GFR and higher urine albuminuria [41, 42]. The risk of embolic stroke from AF is
further enhanced by the presence of CKD, with one study estimating a nearly 50%
increase in the risk of ischemic (embolic) stroke or systemic thromboembolism in
AF accompanied by CKD (HR = 1.49; 95% CI = 1.38-1.59) [43]. In addition,
another study shows a higher stroke risk in CKD patients that develop incident AF
versus CKD patients without AF (HR =2.00; 95% CI = 1.88-2.14) [44]. The risk of
total, ischemic, and hemorrhagic stroke is highest at the lowest eGFR and highest
urinary albumin-to-creatinine ratio (WACR) with CKD, and the type of stroke differs
by degree of decline in eGFR and uACR [45].

2.8 CKD and Sudden Cardiac Death (SCD)

The risk of SCD, normally defined as an unexpected circulatory arrest occurring
within 1 hour of acute change of clinical status or unwitnessed death without an
obvious noncardiac cause in a patient known otherwise to be well in the past
24 hours, has been shown to increase with declining kidney function [18, 46].
Sudden cardiac death is the most common cause of mortality in dialysis-treated
ESKD, probably linked to a high prevalence of left ventricular hypertrophy in this
population [18]. An analysis of the Multicenter Automatic Defibrillator Implantation
Trial-II (MADIT-II) study described that for each 10 unit reduction in eGFR, there
was an associated increase of risk of SCD by 17%. Interestingly, the study found
that a survival benefit conferred by implanted cardioverter defibrillator (ICD) ther-
apy was only demonstrated among patients with eGFR >35 mL/min/1.73 m?, with
no such survival benefit among patients with eGFR <35 mL/min/1.73 m? despite
increased prevalence of SCD, suggesting increased resistance to ICD therapy with
declining renal function [47].
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3 The Pathophysiology of CVD in CKD

The interrelationships between CVD and CKD are complex and multifactorial.
Figure 2 graphically displays the major players. Not all of these will be discussed
here. The pathophysiology can be broadly subdivided into proatherogenic factors
and non-atherogenic factors, although there is overlap between these two categories
(see Table 4). Diabetes, particularly type 2 with obesity or the metabolic syndrome,
is a very important cause of the coexistence of CVD and CKD. Heart failure and
ischemic heart disease are quite common in patients with CKD due to diabetes.

Dyslipidemia Among the proatherogenic factors, dyslipidemia is very important
[48]. Dyslipidemia is quite common in CKD and relates to underlying diabetes in
many cases and due to nephrotic syndrome or other nondiabetic forms of CKD in
others. The patterns of dyslipidemia seen in patients with CKD depend on grade of
disease (as assessed by estimated GFR), the degree of proteinuria (albuminuria)
concomitantly present, and the existence of complicating inflammation/malnutri-
tion and the presence or absence of diabetes [49]. In patients with advanced CKD
and no or only mild proteinuria, the pattern is one of elevated triglycerides, increased
very-low-density lipoprotein (VLDL), increased intermediate-density lipoproteins
(IDL), increased oxidized lipids, elevated non-high-density lipoproteins (non-
HDL), variable high-density lipoprotein (HDL), and an increase in highly

Pathophysiology of CKD
and its connection to CVD

Diabetes Obesity
Dyslipidemia Hypertension

Age Smoking

Oxidative stress Hyper-Uricemia

CVD
Micro-inflammation "Uremic" Toxins
Hypervolemia PTH, FGF23
Vitamin D
Vascular calcification Anemia

LVH Cardiac fibrosis

Fig. 2 Factors that operate in the linkage between CKD and CVD. (CKD chronic kidney disease,
CVD cardiovascular disease, LV left ventricular hypertrophy, PTH parathyroid hormone, FGF23
fibroblast growth factor-23)
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Table 4 Proatherogenic and non-atherogenic factors operating in the association of CVD
with CKD

Proatherogenic:
Obesity and diabetes
Dyslipidemia

Hypertension

Micro-inflammation
“Uremic” toxins (ADMA)
Hyperuricemia

Smoking

Diet (high saturated fat, high carbohydrate (fructose), high sodium, low plant sources of
protein)

Inactivity

Non-atherogenic:

Chronic volume expansion

Left ventricular hypertrophy and cardiac fibrosis

Anemia

Vascular calcification
Hormonal disorders (PTH, FGF23, Klotho, vitamin D)
Electrolyte disorders (especially potassium and arrhythmias)

atherogenic small dense low-density lipoproteins (LDL) [48-51]. In patients with
CKD accompanied by substantial proteinuria (including nephrotic syndrome), the
pattern is one of elevated total cholesterol, increased LDL, and variable HDL levels.
Hypertriglyceridemia and hyperchylomicronemia can be seen in severe nephrotic
syndrome [51, 52]. The molecular and metabolic disturbances underlying these pat-
terns of dyslipidemia in CKD have been extensively reviewed by Moradi and Vaziri
[50] and will not be recounted in detail here. However, the dyslipidemia seen in
CKD contributes to the excess of atherosclerotic CVD observed in patients with
CKD, of diverse etiology. Paradoxically, decrements in non-HDL and non-HDL/
HDL ratio in advanced CKD treated by dialysis are associated with an increased
CVD mortality rather than the converse seen in the general population [53], perhaps
due to complicating malnutrition/inflammation.

Hypertension and Hypervolemia Elevations of systolic (and diastolic) blood pres-
sure and pulse pressure are commonly seen in various forms of progressive CKD
(except those characterized by salt-losing states) [54]. A progressive increase in
extracellular volume accompanied by incomplete suppression of the renin-
angiotensin-aldosterone axis is likely the cause of CKD-associated hypertension
[55]. An increase in centrally driven sympathetic nervous system activity also con-
tributes to elevated arterial pressure and peripheral resistance in CKD [56]. Systolic
arterial hypertension is also abetted by a decrease in vascular compliance, perhaps
related to collagen cross-linking and calcification of the media seen in progressive
CKD (see below) [57]. The increased systemic arterial blood pressure and expanded
extracellular fluid volume promote both atherogenic CVD (ischemic heart disease,
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peripheral arterial disease, and thrombotic stroke) and left ventricular hypertrophy,
leading to congestive heart failure with reduced ejection (HFrEF) fraction and
arrhythmias, such as atrial fibrillation. Cardiac fibrosis is augmented by prolonged
hypervolemia, especially in the presence of poorly suppressed aldosterone, and this
can lead to heart failure with a preserved ejection fraction (HFpEF) [58], more com-
monly seen in CKD than in the general population. Prolonged hypertension in CKD
is also responsible for an increase in risk of hemorrhagic stroke. The anemia of
advanced CKD also contributes to left ventricular remodeling in CKD [59].

Uremic Toxins and Hormonal Factors A panoply of “uremic toxins” accumulates
in advancing CKD, such as asymmetric dimethyl arginine (ADMA), advanced gly-
cation end products (AGEP), trimethylamine N-oxide (TMAO), and others (such as
indoxyl sulfate, hyper-homocysteinemia, hyperphosphatemia) [60-62]. These sub-
stances can lead to myocardial and vascular injury (endothelial damage). The hor-
monal profile is altered in CKD, with increases in parathyroid hormone and
fibroblast growth factor 23 and reduced a-Klotho generation, which collectively can
have adverse direct effects on the myocardium and vessels [63—65]. a-Klotho is a
novel glucuronidase transmembrane enzymatic protein with important “anti-aging”
properties. It also serves as a cofactor for FGF-23 action. The reduction of serum
a-Klotho levels seen in CKD might contribute to “premature aging” and accelerated
arteriosclerosis/atherosclerosis. Marinobufagenin levels are increased in CKD and
can promote cardiac fibrosis [66]. Disturbances leading to impaired Klotho genera-
tion in CKD can promote cardiac TGF-f signaling and cardiac fibrosis [67].
Decreases in active vitamin D (1,25-dihydroxyvitamin D) in CKD can have adverse
effects on the coronary circulation and myocardium [68]. Loss of endogenous
erythropoietin participates in the development of anemia in CKD, which can have
adverse effects on the heart and circulation in general [69]. Hyperuricemia is another
factor that can contribute to CVD accompanying CKD (see below).

Vascular Calcification Patients with progressive CKD, particularly its later stages,
can be affected by a process of vascular (arterial) calcification, involving large- and
medium-sized arteries (including coronary arteries) and heart valves (mitral and
aortic) [57]. This process is an active one, involving modifications in arterial smooth
muscle biology [57]. It predominantly affects the tunica media (Monckeberg’s scle-
rosis) and leads to impaired relaxation and reduced vascular compliance. In
advanced forms, it can produce a calcific uremic arteriopathy with ischemia and
necrosis of the skin (calciphylaxis) [70]. The calcific deposits in the media have a
chemical composition resembling bone (hydroxyapatite). The calcific deposits in
atherosclerotic plaques have a different composition and clinical significance
(see below).

Chronic Inflammation and Enhanced Oxidative Stress For poorly understood
reasons, most forms of CKD (diabetic and nondiabetic) are associated with features
of chronic inflammation (such as manifested by increased C-reactive protein and/or
11-6 serum levels) and increased oxidative stress [71, 72]. The cytokine milieu and/
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or uremic toxin burden (e.g., indoxyl sulfate levels) underlying this phenomenon
can have profound effects on atherogenesis, by causing proatherogenic changes in
blood lipids (such as oxidized LDL and HDL transformation to an atherogenic
lipid) [73]. These changes may account in part for the enhanced risk of CVD in CKD.

4 Risk Stratification for CVD in CKD

There is little doubt that CKD is associated with an excess risk of morbidity and
mortality from CVD. The factors relevant for risk stratification in CKD are sum-
marized in Table 4. The risk of coronary artery disease (and heart failure) increases
as CKD progresses to more advanced grades, despite correction for traditional CVD
risk factors [74]. Go and colleagues were among the first to quantify the risk of
CVD events (mortality and hospitalization) in a large cohort (1,120,295 subjects;
mean age 52 years, 55% women) reported in 2004 [17]. There was a graded increase
in CVD risk when eGFR fell below 60 mL/min/1.73 m?, but the most significant
increases in risk were seen when eGFR fell below 45 mL/min/1.73 m?. Any increase
in CVD risk in grade 1 or 2 CKD (and possibly grade 3 CKD) is largely related to
proteinuria (albuminuria), not GFR. Subsequently, many other studies showed an
excess risk of CVD and all-cause mortality in older adults when eGFR fell below
45 mL/min/1.73 m? (see Fig. 3), only a few of which are cited here [75, 76]. This
association was particularly evident when albuminuria was present. Brantsma et al.
using data from the PREVEND study in the Netherlands found that stage 1 and 2
CKD (characterized chiefly by abnormal albuminuria) have a greater risk of CVD
than stage 3 CKD (chiefly characterized by abnormal GFR) [77]. Increased urinary
albumin excretion, even close to the high normal range (10-30 mg/day), has been
repeatedly shown to augment CVD risk [78]. Prediction of CVD risk in community-
dwelling older adults without clinical evidence of CVD using combinations of
eGFR and albuminuria was studied by Nerpin et al. in the USLAM study in Sweden
[79]. They found that both uAER >8.6 mg/d and an eGFR <45 mL/min/1.73 m?

eGFR, Age: <60 Age: 60-70 Age: >70
mL/min/1.73 m?
ACR <30 mg/g ACR =30 mg/g ACR <30 mg/g ACR =30 mg/g ACR <30 mg/g ACR =30 mg/g

>100 _ 2.49 (1.77-3.49) 1.78 (1.29-2.45) 1.57 (1.07-2.31)
80-100 2.02 (1.36-3.01) 2.28 (1.79-2.91) 1.69 (1.42-2.00)
1.92 (1.46-2.53) 1.88 (1.60-2.12)

3.21 (2.32-4.43) 2.38 (2.00-2.84)

60-80 1.58 (1.17-2.12) 2.28 (1.40-3.73)
45-60 211 (1.23-3.61
<45 2.96 (0.94-9.30) 2.59 (1.64-4.08) 222 (1.84-2.67) 3.71(3.12-4.42)

@ Incidence rate ratio; relative to reference group for each age strata.
Color coding for relative risk of all-cause mortality: green, <1.5; yellow, > 1.5 and <2. 5; orange, >2.5 and <4.0; red, >4.0. Color
version available online.

Fig. 3 The association of CKD (according to eGFR and albuminuria) and all-cause mortality
(predominantly CVD - related to eGFR and albuminuria uACR) in various age groups. Values
shown are incidence rate ratios for all-cause mortality. (Green, <1.5; yellow, >1.5 < 2.5; orange,
>2.5 < 4.0; red, >4.0). (Reprinted from Warnock et al. [75]. With permission from Karger
Publishers)
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improved the integrated discrimination index for CVD mortality prediction.
Interestingly, the eGFR prediction was only significant when it was based on cys-
tatin C but not creatinine-based formulas [79]. This is most likely due to the impact
of micro-inflammation (see above) elevating serum cystatin C levels rather than
greater accuracy of eGFR-cystatin C for assessment of true measured GFR [80].
The conclusion is that the presence and magnitude of albuminuria is more important
for risk prediction of CVD in CKD and that the risk of CVD events is mostly associ-
ated with eGFR creatinine levels below 45 mL/min/1.73 m? in older adults. The rate
of decline of GFR over time is another factor to consider in risk stratification for
CVD in patients with CKD. Monitoring the change in eGFR over time seems to
improve CVD prognostication [81].

As stated above, most (but not all) of the excess risk for CVD in CKD is captured
by traditional approaches to quantifying risk according to multivariable risk equa-
tions (such as Framingham or the ACC/AHA pooled risk scoring formulas) [74].
Indeed, Clase and coworkers found that the addition of uACR or eGFR values to
traditional risk scoring led to no meaningful change in the proportion of patients
assigned to an intermediate-risk category among a cohort of patients older than
55 years with documented CVD [82]. On the other hand, addition of eGFR and
uACR has a profound impact on classification of risk for ESKD [83], irrespective of
age, when the competing risk of mortality is taken into consideration. Di
Angelantonio et al., in a prospective population-based cohort study (n = 16,958,
ages 31-81 years) without known CVD, found that the addition of CKD informa-
tion to traditional CVD risk assessment had only a modest effect on reclassification
of risk [84]. The incremental gain provided by adding CKD to risk assessment was
less than that provided by diabetes or smoking status. Importantly, most of the CVD
risk prediction algorithms in common use do not include eGFR, albuminuria, or
CKD. Only the UK QRISK-2® includes CKD (grades 4 and 5 only; eGFR <45 mL/
min/1.72 m?) [85].

The controllable traditional factors associated with CKD that have a powerful
impact on CVD risk (including ASCVD, stroke, heart failure, and arrhythmias)
include hypertension, dyslipidemia, obesity (and metabolic syndrome), diabetes
(and glycemic control), and smoking. Age, gender, family history, and ancestry also
contribute to CVD risk but mostly independent of CKD status. Of course, both
CKD and CVD are diseases that preferentially affect older adults, and these tradi-
tional risk factors are operative in non-CKD-associated CVD covered by other
chapters in this manual.

Nontraditional CVD risk factors observed in subjects with CKD include high-
sensitivity C-reactive protein (hsCRP) and interleukin 6 levels (as a feature of
chronic inflammation), volume overload, anemia, vascular calcification, vitamin D
deficiency, hyper-homocysteinemia, hyperuricemia, vitamin K deficiency, oxidative
stress, uremic toxins (such as ADMA and TMAO levels), parathyroid hormone
(PTH), fibroblast growth factor-23 (FGF-23) levels, and Klotho deficiency [63,
86—89]. These toxins and other molecules may bias the results of estimating GFR
[86]. Paradoxically, some reports suggest that an increase in eGFR, seen in early
diabetes and in excessive protein intake, may be associated with increased risk of
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CKD/CVD [89], but the mechanisms underlying this association are unclear.
Cardiac biomarkers, such as cardiac troponin-T and NT-proBNP, may have applica-
tion for better risk classification in patients with CKD [90]. Many of these nontradi-
tional risk factors for CVD in CKD are the subject of ongoing research aimed at
improving the accuracy of prediction of CVD risk in CKD. Some of these may have
obvious preventative strategic importance in the future.

Coronary artery calcification (CAC) is common in CKD and increased in fre-
quency and severity as CKD progresses [91]. Patients on long-term dialysis (survi-
vors) tend to show progressively increasing degrees of CAC, which, paradoxically,
might suggest a “protective effect” of such calcification [92]. Assessment of the
coronary arterial calcium (CAC) score may play a useful role in assessing overall
CVD risk in selected patients with CKD, perhaps in helping to inform on decisions
for certain therapies (e.g., statins) [93], but it is unknown if treatments designed to
prevent or cause regression of vascular calcification are beneficial, and there are no
guidelines recommending repeating CAC scoring to evaluate the effects of therapy.
Other nontraditional risk factors for CVD have not been adequately studied pro-
spectively in CKD.

Left ventricular hypertrophy (LVH) is common in CKD and tends to increase in
frequency and severity as CKD progress, mediated by volume expansion and poorly
controlled hypertension [94, 95]. Such LVH increases the risk of heart failure, sud-
den cardiac death, and atrial fibrillation. Assessment of LVH by cardiac ultrasound
or MRI can be a useful tool in evaluating non-atherogenic CVD risk [94]. Standard
EKG assessment of LVH may be too insensitive for this purpose but is required for
accurate diagnosis of atrial fibrillation and embolic stroke risk assessment.

5 Strategies for Prevention of CVD in Non-dialysis CKD

Primary Prevention of CKD In an ideal world, the best strategy to reduce the bur-
den of CVD associated with CKD is to prevent the development of CKD in the first
place (primary prevention). This is easier said than done. It seems reasonable to
postulate that a reduction in the prevalence of visceral obesity and the incidence of
type 2 diabetes mellitus as well as earlier detection and better management of
hypertension and diabetes in the general population will ultimately reduce the inci-
dence and prevalence of CKD.

Moderate exercise, caloric moderation, lower salt intake, smoking cessation, and
perhaps a diet rich in plants and fiber might accomplish this goal, but this requires a
commitment of society to move away from Western diets, high in processed foods,
refined sugars, salt, and animal-based protein, particularly processed or unprocessed
red meat [96, 97]. Avoidance of high protein intake might have salutary effects on
the incidence of CKD, particularly in individuals born with a nephron deficiency
consequent to low birth weight, due to fetal dysmaturity, or who have congenital or
acquired single kidneys (see also below) [98]. The frequency of low birth weight
and nephron deficiency varies widely, largely due to differences in prenatal care and
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maternal nutrition. The impact of long-term high protein intake on incident CKD is
controversial (see above) [99]. Unfortunately, long-term randomized trials have sel-
dom been conducted with incident CKD as an endpoint, so prevention of CKD by
means of lifestyle changes, while challenging, should not be dismissed. Elimination
of smoking would also likely have a beneficial impact on both CVD and CKD [100].

Detection and control of elevated blood pressure is commonly touted as a tool for
reducing the incidence of CKD and its progression to kidney failure [101, 102].
This proposal assumes that increased BP above some arbitrary threshold is causally
related to the development of CKD. While this may be true for a subset of patients
with very severe (“malignant”) hypertension, evidence exists to support the notion
that CKD, often in subtle difficult-to-detect forms, causally underlies most forms of
primary hypertension. Hypertension and its control appears to be an important
player in the progression of established CKD, although it is difficult to tease apart
the direct (non-antihypertensive) effects from the blood pressure-lowering effects of
commonly used antihypertensive drugs on progression of CKD. Nevertheless, blood
pressure above the normal range is an important causal factor in the generation of
ASCVD and heart failure, with or without CKD [102].

The Systolic Blood Pressure Intervention Trial (SPRINT) of hypertension treat-
ment in older, nondiabetic adults at moderate to high CVD risk is quite informative
[103]. Intensive systolic blood pressure control (to <120 mmHg) did not prevent
incident CKD (according to new-onset eGFR <60 mL/min/1.73 m? or new-onset
albuminuria); instead, it was associated with acute reductions in eGFR that were
largely reversible upon discontinuation of therapy. Unfortunately, the follow-up was
short (only 3.26 years), and severe hypertension (systolic blood pres-
sure > 180 mmHg) was an exclusion criterion. The benefits of intensive blood pres-
sure control on CVD were attenuated in those subjects with CKD at baseline, which
comprised 28% of the randomized subjects and was usually grade 3 or less.
Abnormal albuminuria was modest or absent in the patients randomized
(uACR =44 + 160 mg/gm). The HR for the primary outcome in patients with CKD
at baseline was 0.82 (95% CI = 0.63—1.07), however, demonstrating the benefit of
intensive BP control in such patients for reducing CVD events. Additionally, recent
very large observational epidemiological studies have shown that higher systolic
blood pressure (>130 mmHg) are associated with (but not necessarily causal for) a
higher risk of incident grade 3—5 CKD [104].

In summary, many CVD benefits (largely due to the avoidance of the primary
outcomes of stroke and heart failure) accrue when blood pressure is strictly con-
trolled in the absence of overt CKD, but whether control of hypertension per se will
reduce incident CKD remains uncertain. The impact of aggressive blood pressure
control on CVD in CKD remains controversial, but reduced stroke burden is one
possible favorable outcome. The exact target blood pressure appropriate for patients
with CKD for secondary prevention of CVD is not fully agreed upon, but a systolic
pressure somewhere between 120 and 130 mmHg systolic seems reasonable [101,
105-107]. The selected values may depend on the method of measuring blood pres-
sure (office, home, ambulatory monitoring) [101, 107]. The J-shaped relationship of
blood pressure and CV morbidity and mortality seen in CKD patients (particularly
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in advanced grades of CKD) is in part explained by the concomitant malnutrition/
micro-inflammation commonly observed in CKD [104, 106].

Angiotensin-converting enzyme inhibitors (ACEi) or angiotensin receptor block-
ers (ARB), also known as renin-angiotensin system inhibition (RASi), are effective
in slowing progression of established CKD, when abnormal albuminuria is present
[108, 109], especially in diabetic subjects, but their effectiveness in primary preven-
tion of CKD is unknown.

Many forms of nondiabetic CKD have a low potential for primary prevention,
particularly when genetic mutations or autoimmunity is the underlying cause.
Forms of CKD due to environmental factors, such as nephrotoxins or infections, are
potentially preventable. Avoidance, treatment, or prophylaxis of infections known
to induce CKD and avoidance of nephrotoxins (like adulterants in herbal medicines,
toxic pesticides, air pollution, drugs, cigarette smoke) that can injure the kidneys
[97-100, 110-112] can be an important feature of CKD prevention. These precepts
are especially true in the neonate and infant and in the elderly population. The issues
surrounding prevention and control of CKD are different for developed nations
compared to low- to medium-income countries [111, 112]. Adequate maternal
health and nutrition are commonly overlooked aspects of CKD prevention [111].
Poor maternal health and nutrition can be a cause of fetal dysmaturity leading to low
birth weight and prematurity, both of which predispose to low nephron endowment
(congenital nephropenia) (see above) [111]. Nephropenia at birth is an important
and under-appreciated preventable cause of the later development of CKD. Improved
prenatal care and adequate maternal nutrition can reduce the prevalence of low birth
weight and prematurity and thus avoid congenital nephropenia and its expected
adverse effect on CKD later in life. Acute kidney injury (AKI) can be an antecedent
to incident CKD, so avoidance of all kinds of AKI, such as by minimization of
nephrotoxins, and meticulous postoperative management will likely have a salutary
effect on new-onset CKD [113]. A healthy lifestyle in general can have potential for
reducing the rate of incident CKD [100].

Screening for CKD By definition, screening for CKD in the general (apparently
healthy) population by assessment of eGFR and/or albuminuria will have no impact
on primary prevention of CKD; however, it might have a beneficial impact on sec-
ondary prevention of CKD progression or primary/secondary prevention of CVD, if
early detection can be translated into effective treatment for CKD that delays its
progression or leads to effective or even curative treatment [114] for underlying
CKD that decreases morbidity and mortality directly related to CVD. Screening for
disorders that increase risk of developing CKD, such as diabetes and obesity, might
help in the primary prevention of CKD (and thereby CVS), but unfortunately we
lack the long-term randomized controlled data to evaluate the utility of such
population-based screening. Thus, most preventative disease organizations do not
currently recommend population-based screening for CKD [115, 116]. Targeted
screening of those at highest risk for CKD (diabetes, obesity, hypertension, and
family history of kidney diseases) is presently advocated by many kidney disease
organizations, but formal proof of the long-term benefits and lack of harms of such
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targeted screening is still lacking [115, 116]. Early detection and increased societal
awareness of CKD were prominent themes of the 2020 World Kidney Day, endorsed
by numerous nephrology organizations.

Secondary Prevention of Progression in established CKD As described previ-
ously, patients with established diabetic or nondiabetic CKD have a tendency to
progress to kidney failure (grade 5 CKD; previously known as ESKD) at variable
rates, and they may present with no obvious clinical features of underlying CVD,
atherosclerotic or non-atherosclerotic. There is great potential for both secondary
prevention of progressive CKD and primary/secondary prevention of CVD in such
patients [4]. Since advanced forms of CKD are often regarded as a “coronary artery
disease risk equivalent” [117, 118] like certain people with diabetes, the character-
ization of interventions directed at CVD as primary or secondary in nature is often
blurred (see Table 5 for a summary of the status of pharmacological interventions in
patients with CKD designed to prevent CVD).

Table 5 Pharmacologic interventions for prevention of CVD and its complications in patients
with CKD

Established:
Renin-angiotensin system inhibition (RASi; angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers — especially in type 1 and type 2 diabetes with abnormal
albuminuria)
Beta-blockers for HFrEF with eGFR <30 mL/min/1.73 m?
Sodium-glucose cotransporter-2 (SGLT2i; empagliflozin, dapagliflozin, canagliflozin), in type
2 diabetes with overt albuminuria, or possibly nondiabetic CKD with overt proteinuria (other
than ADPKD or vasculitis) and/or HFrEF with eGFR >30 mL/min/1.73 m?
Statins (with or without ezetimibe): in diabetes- or nondiabetes-associated CKD not requiring
dialysis
Glycemic control (with metformin or glucagon-like peptide receptor 2 agonist; GLP-1) or
thiazolidinedione agents (pioglitazone) in type 2 diabetes, but not intensive (HbA 1C of
6.5-7%)
Hypertension control (especially with RASi); target blood pressure 130/80 mmHg

Anticoagulants (warfarin, novel oral anticoagulants) — for non-valvular atrial fibrillation — in
patients with mild to moderate CKD, but bleeding risk and calciphylaxis (with warfarin) of
concern

Not yet fully established:
Anti-thrombotic agents (aspirin, clopidogrel) — bleeding risk

Hypouricemic agents (allopurinol, febuxostat)

Anemia management (iron or erythropoietin)

Fibric acid derivatives (gemfibrozil, fenofibrate)

Omega-3 fatty acids (eicosapentaenoic acid)
Pro-protein convertase subtilisin/kexin type 9 inhibitors (PCSK9i; evolocumab, alirocumab)

Novel hypolipidemic agents (bempedoic acid, apabetalone)
SGLT?2i (in nondiabetic CKD)

Anticoagulants in non-valvular atrial fibrillation and prevention of stroke in dialysis-dependent
kidney failure
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In general, strategies that slow or prevent the progression of CKD to higher
grades or kidney failure also lower morbidity and mortality of CVD. The following
paragraphs summarize the current status of pharmacologic and non-pharmacologic
interventions in patients with established CKD to slow progression and/or reduce
the risk of CVD morbidity or mortality.

5.1 Interventions in Established CKD That Slow Progression
or Reduce CVD Risk or Both

RAS Inhibition As a result of the Captopril, Reduction of Endpoints in NIDDM
with the Angiotensin IT Antagonist Losartan (RENAAL), and Irbesartan in Diabetic
Nephropathy (IDNT) Trials, among others, we are quite confident that intervention
with RASI in established diabetic CKD (both type 1 and type 2 diabetes) can both
slow progression of CKD (decreasing the rate of doubling of serum creatinine or
developing kidney failure) and reduce CVD complications [108, 109, 119, 120].
Similar data that exist for nondiabetic CKD are also present, but the impact of RASi
on progression of CKD may be disease dependent and highly variable [109].
Importantly, the extent of benefit is related both to persistent lowering of blood
pressure and independently to the persistent reduction of albuminuria. The use of
these agents for “reno-protection” and “cardio-protection” may also be applicable
to many cases of nondiabetic CKD, when moderate to severe proteinuria (albumin-
uria) is present but the controlled trial evidence is much weaker.

In the SPRINT trial [103] mentioned above (where most patients were given
RAS: for blood pressure control), there were no reno-protective effects of intensive
blood pressure control in patents with CKD at baseline, and, as stated previously,
the cardio-protective effects of intensive blood pressure management were blunted
considerably in patients with CKD at baseline. Combinations of RASi with dihy-
dropyridine calcium channel blockers (CCB) are particularly effective and well tol-
erated for slowing CKD progression and reducing CVD incident events as shown by
the ACCOMPLISH trial, despite a paradoxical tendency for increased urinary albu-
min excretion with such regimens [121, 122]. Direct renin inhibitors may have
safety issues, such as hyperkalemia [123]. The safety profile of ACEi and ARB is
quite favorable, but patients may initially manifest a decrement of GFR which is an
expected consequence of their hemodynamic effects. Hyperkalemia may become an
issue in more advanced CKD, but this can often be managed by concomitant oral
administration of potassium-binding resins such as kayexalate [124]. A rise in
serum creatinine levels (up to about 15% from baseline) can frequently be seen dur-
ing the early phases of treatment with RASi. This is a reversible hemodynamic
effect that usually indicates a favorable long-term response to treatment with this
class of agents.

The combination of a neprilysin inhibitor (sacubitril) to an angiotensin receptor
blocker (valsartan) has been shown to have clinical efficacy (compared to valsartan
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alone) in NYHA class II-IV heart failure for secondary prevention of heart failure
events in HFrEF but not in HFpEF [125, 126]. About 36% of the subjects random-
ized to the HFrEF trial had preexisting CKD, and worsening of eGFR occurred less
commonly with the sacubitril-valsartan combinations than valsartan alone. A pre-
liminary analysis of this data shows that the sacubitril-valsartan combination slows
the rate of progression of CKD compared to valsartan alone (presented at ASN
meeting in 2019). The effects of the combination agent on heart failure-related
events were not different in those with or without CKD at baseline. Thus, this com-
bination may have beneficial effects on “progression” of CKD, but this has not yet
been formally tested in a prospectively designed trial with “hard” CKD endpoints
(doubling of serum creatinine or kidney failure). The effects of the sacubitril-
valsartan combination on albuminuria needs further study. The combination of
sacubitril and valsartan had no different effects on albuminuria compared to irbesar-
tan [127]. To date, there have been no “head-to-head” trials of the sacubitril-
valsartan combination versus SGLT?2 inhibitors in patients with CKD with or
without diabetes.

The target blood pressure associated with maximum benefit (all-cause mortality
and/or reduction in CVD events) and safety in patients with established CKD is not
well understood. Aggarwal and coworkers conducted a systematic analysis of
pooled data from four randomized clinical trials (AASK, ACCORD, SPRINT, and
MDRD) that included subjects with CKD (diabetic or nondiabetic). An intensive
target of <130 mmHg systolic was associated with a reduction in all-cause mortality
when compared to a target of <140 mmHg but only in those with grade 3 or greater
CKD who were not undergoing intensive glycemic control as an aspect of manage-
ment of comorbid type 2 diabetes [128]. However, the ACC/AHA blood pressure
guidelines call for a target BP of <130/80 mmHg in persons with CKD [129].

Beta-Blockers for Congestive Heart Failure Moderate to severely reduced GFRs
are commonly found in patients with congestive heart failure, both HFrEF and
HFpEF types. A comprehensive meta-analysis of RCTs examining beta-blockers
for HFrEF (with normal sinus rhythm) has shown a benefit of these agents in terms
of improved mortality rates in subjects with eGFRs of 30-59 mL/min/1.73 m? [130].
Too few subjects with eGFR <30 mL/min/1.73 m? were enrolled in the included
trials for analysis. Mortality was not affected by the use of beta-blockers in HFrEF
when atrial fibrillation was present, regardless of the level of eGFR (see below).

Statins and Other Hypolipidemic Agents Statins generally have little or no impact
on rates of progression of established CKD, although some studies with atorvastatin
have shown some improvement in the rate of decline in eGFR [131]. Statin therapy
is useful for prevention of ASCVD in non-dialysis-dependent CKD [132-134].
Statin therapy, when begun after dialysis therapy is required for ESKD, has no ben-
eficial effects on CVD, despite substantial (35-40%) decline in LDL cholesterol
(LDL-C) levels from baseline as shown by the 4D (atorvastatin) and AURORA
(rosuvastatin) trials [135, 136]. The reason for the failure of stains to modify risk of
ASCVD in kidney failure treated by dialysis is unknown but might have been due to



Prevention of Cardiovascular Disease in Patients with Chronic Kidney Disease 631

the unique nature of the dyslipidemia in advanced CKD [134] or to the requirement
for much lower levels of LDL-C to show a benefit [137]. In addition, vascular cal-
cification in the media in CKD rather than atherosclerosis per se might be a partial
explanation for the limited efficacy of statins in more advanced CKD, including
ESKD (see “Pathophysiology” above).

However, the Study of Heart and Renal Protection (SHARP) trial involving
3023 subjects with dialysis-dependent CKD and 6247 with non-dialysis-depen-
dent CKD (all with eGFR <60 mL/min/1.73 m?) allocated to a placebo or a
simvastatin-ezetimibe combination showed beneficial effects on a composite CVD
endpoint after a follow-up of 4 years [138]. The serum LDL cholesterol level
decreased from 109 to 70 mg/dL in the active treatment group (a 36% decrease).
The relative risk of a composite of major nonfatal ASCVD events decreased by
17% in the active compared to the placebo group overall, but no benefits were seen
in the dialysis-dependent group. There was a (nonsignificant) trend toward greater
benefit with higher eGFR and/or albuminuria at baseline. No benefits were seen in
CVD or all-cause mortality. The treatment was generally well tolerated. The main
benefits were a reduction in nonhemorrhagic stroke (risk ratio = 0.71; 95%
CI = 0.57-0.92) and in coronary revascularization procedures (risk ratio = 0.71;
95% CI = 0.59-0.90). There was no evidence of a slower rate of CKD progression
in the actively treated group. This and other studies have led to the general recom-
mendation, further endorsed by the ACC/AHA 2018 cholesterol management
guideline [139] that patients with non-dialysis CKD may receive statin therapy,
regardless of the level of plasma LDL-C. The consensus is that patients receiving
dialysis should not start statins, but if they are receiving statins, they may be con-
tinued, if tolerated. The specific question of whether adding a statin in patients
with kidney failure (ESKD) who experience a new acute myocardial infarction or
nonhemorrhagic or embolic stroke would lead to clinically meaningful benefits
was not addressed by the SHARP trial. This requires further study, but many expe-
rienced clinicians would begin statin therapy in these circumstances, even in sub-
jects on dialysis.

The impact of other hypolipidemic agents on CVD in patients with pro-protein
convertase subtilisin/kexin 9 (PCSK9) inhibitors, omega-3 fatty acids, fibric acid
derivatives, and novel lipid-lowering agents (bempedoic acid, lomitapide, apabetal-
one) has not been sufficiently studied in large well-powered RCTs of long duration
in patients with CKD [140-143]. The ability of PCSK9 inhibitors to lower LDL-C
levels needs further study in CKD, but the results from the Further Cardiovascular
Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk
(FOURIER) trial are highly encouraging [144]. Fibric acid derivatives (such as
fenofibrate) can increase PCSK9 production and can also cause a dose-dependent,
but reversible, decrease in GFR by a direct effect on the kidney. However, in dia-
betic patients, fenofibrate may reduce total CV events (mainly fewer nonfatal myo-
cardial infarctions), reduce albuminuria, decrease retinopathy, and possibly slow
progression of CKD [145, 146]. The effects on proteinuria and progression of CKD
have not been adequately studied in nondiabetic CKD.
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Sodium-Glucose Transporter 2 Inhibitors The dramatic emergence of sodium-
glucose transporter 2 inhibitors (SGLT2i), causing an acquired form of renal gly-
cosuria, as effective and reasonably safe agents for slowing progression of
established CKD (eGFR 30-59 mL/minj/1.73 m?) and avoiding hospitalization for
heart failure (mainly HFrEF) in patients with type 2 diabetes mellitus (and perhaps
nondiabetic kidney disease as well) has altered the landscape of secondary preven-
tion of CKD and also primary and secondary prevention of CVD in T2DM [147-
153]. Data from large randomized controlled trials (such as Empagliflozin
Cardiovascular Outcome Event Trial in Type 2 Diabetes Patients [EMPA-REG],
Canagliflozin Cardiovascular Assessment Program [CANVAS], Canagliflozin and
Renal Endpoint Diabetes with Established Nephropathy Clinical trial[CREDENCE],
and Dapagliflozin Effect on Cardiovascular Event Trial [DECLARE-TIMI 58]) (see
[145-151] for reviews) have very convincingly shown efficacy for slowing progres-
sion of CKD (in type 2 diabetes) and for reduction of CVD events, primarily heart
failure. Most of the subjects randomized in these trials had overt CVD prior to ran-
domization. However, only canagliflozin is approved by the FDA for slowing pro-
gression of CKD (in patients with diabetic kidney disease and albuminuria of
>300 mg/day) and reducing the risk of hospitalization for CHF (usually HFrEF),
largely the result of the CANVAS and CREDENCE trials. A meta-analysis of these
trials involving 38,723 subjects followed for a mean of 2.9 years with 20% having
established CKD (grades 1-3B) and 59% with known CVD, including HF, Showed
that the use of SGLT2i (usually added to stable doses of RASi) reduced the HR of a
composite of major adverse CV events (MACE) to 0.88 (95% CI = 0.82-0.94) and
significantly reduced the occurrence of hospitalization for CHF (HR = 0.66; 95%
CI = 0.60-0.76), CV death (HR = 0.83; 95%CI = 0.75-0.92), and all-cause death
(HR = 0.85; 95% CI = 0.79-0.92) [147]. There was no overall benefit on stroke.
These benefits were observed irrespective of CKD status (except for stroke which
was decreased only in those with CKD at baseline). The rate of progression of CKD
was reduced (HR 0.66; 95 CI = 0.53-0.81) often in association with a reduction in
albuminuria in the CREDENCE trial [148]. The beneficial effect on slowing rates of
progression in CKD is much greater in those subjects with higher degrees of base-
line albuminuria, especially if >300 mg/day. The beneficial effects on MACE were
seen largely when these agents were used for primary prevention. Additional sys-
tematic reviews and meta-analyses have shown that SGLT?2i are primarily effective
for secondary prevention of CVD in diabetic patients, mostly for reducing hospital-
ization for HFrEF and slowing progressions of CKD, with less robust effects on
ASCVD. The extent of benefit varies with baseline eGFR — greater benefit for
HFrEF and lesser benefit for CKD progression in patients with more severe grades
of CKD [153].

These beneficial cardio- and reno-protective effects of SGLT2i cannot be easily
explained by the modest reduction in HbAlc and systolic blood pressure, so they
seem to be manifestations of direct effects on the heart and kidney or systemic
effects independent of glycemia and blood pressure control. The mechanism of
action of these agents upon these outcomes is not presently fully understood and
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may not be a class effect but one that varies between agents within the class. Afferent
arteriolar constriction reducing maladaptive glomerular capillary pressure seems to
be involved in reno-protection with all agents in the class [152]. An augmentation of
tubulo-glomerular feedback is a popular hypothesis [154]. Basically, this hypothesis
advances the idea that increased delivery of NaCl to the distal nephron (by virtue of
a proximal nephron reduction of both glucose and NaCl reabsorption) activates a
process located at the macula densa and juxtaglomerular axis of the same nephron
to constrict the afferent arteriole and thus reduce glomerular capillary pressure (and
single nephron GFR). However, these agents also affect volume excess (via natri-
uresis), reduce inflammation, lower body weight, lower plasma uric acid levels,
reduce oxidative stress, impair fibrosis, and impact Na:H+ exchange in myocar-
dium, among other effects [152, 154]. These pleiotropic effects of SGLT2i beyond
their rather mild hypoglycemic effect (absent in patients with more advanced CKD)
make these agents attractive candidates for treating patients with nondiabetic CKD
with or without CVD (such as is being studied in Dapagliflozin in CKD trial [DAPA-
CKD]). The preliminary results of this latter trial seem to indicate a favorable effect
on CKD progression and CHF, even in subjects without diabetes [151, 155, 156].
An increase in serum ketone bodies and their influence on organ bioenergetics and
inflammatory mediators might provide a potential unifying mechanism for the salu-
tary effects of SGLT2i on the heart and kidney [157]. In addition, an exploratory
analysis of the DAPA-HF trial has demonstrated a beneficial effect on worsening
heart failure and CV mortality when dapagliflozin is added to recommended ther-
apy in both diabetic and nondiabetic patients [158].

While these agents appear to have a reasonable safety profile, non-hyperglycemic
ketoacidosis, acute kidney injury, severe perineal infections (Fournier’s gangrene),
and in some studies (mainly CANVAS) an excess of lower limb amputations have
been observed so caution and close surveillance is indicated.

The aforementioned trials limited randomization to those subjects with an eGFR
>30 mL/min/1.73 m?. The safety and efficacy of these agents in more advanced
CKD is not yet known. Most patients studied so far have utilized SGLT2i added to
a baseline of optimal RASi, so we are not yet sure of the effect of these agents when
used as monotherapy, but there are important interactions between SGLT2i and
RASI in diabetic subjects, particularly in relation to volume control [159, 160]. The
effect of these agents on HFrEF (see also Reference [159] for update on heart failure
in CKD) is very impressive. The effect of SGLT2i on HFpEF is under study (e.g.,
PRESERVED-HF, EMPEROR-Preserved, EMPERIAL-Preserved). The beneficial
effects of sacubitril-valsartan combinations have not yet been directly compared to
SGLT2i in CKD with HFrEF.

Because of their weak hypoglycemic effects (especially in CKD with reduced
eGFR), they are best combined with other hypoglycemic agents, especially metfor-
min or a glucagon-like peptide 1 receptor agonist (GLP1), in T2DM to maintain
HBA ¢ within recommended ranges (see below) [161-163]. Hypoglycemia is rare
with these agents. Concomitant use of diuretics is not contraindicated, but such
patients need careful follow-up to avoid iatrogenic volume depletion and acute kid-
ney injury. Patients with CHF in T2DM are good candidates for SGLT2 inhibitor
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therapy, even without CKD. SGLT?2 inhibitors have now become “standard of care”
for patients with CKD (grades 1-3B) and T2DM, especially if HFrEF is present.
SGLT2 inhibitors might also reduce major atherosclerotic events, if HBAlc is
decreased.

Glycemic Control (in Patients with Diabetes and CKD) Adequate standard glyce-
mic control is a well-established goal in prevention of microvascular disease (dia-
betic nephropathy and retinopathy) and macrovascular ASCVD in patients with
T1DM and T2DM [161, 163]. In T2DM patients with CKD, with or without overt
CVD, the use of metformin (only if the eGFR is >30 mL/min/1.73 m?), GLP1 recep-
tor agonists (such as dulaglutide, exenatide, lixisenatide, liraglutide, semaglutide),
and/or SGLT?2i (if eGFR is >30 mL/min/1.73 m?) is preferred in patients with CKD
or without CHF or overt ASCVD [164-166]. Very recently, a comprehensive deci-
sion algorithm for prescribing SGLT?2 inhibitors and GLKP-1 receptor agonists for
diabetic kidney disease has been published [167]. This is a very useful approach for
CVD and kidney failure risk stratification. Sulfonylureas and dipeptidyl-peptidase 4
inhibitors (DPP-4i, gliptins) have little if any beneficial effects on CVD in T2DM
[162]. Insulin therapy is necessary in many T1DM and some T2DM patients, but it
should be avoided in moderately advanced CKD if possible due to an enhanced risk
for hypoglycemia. A goal of achieving a HbAlc of 6.5-8.0% is reasonable, depend-
ing on the grade of CKD (see [162, 163]).

Whether intensive glycemic control has any advantage in patients with CKD is
doubtful. The Action to Control Cardiovascular Risk in Diabetes (ACCORD) tar-
geted a HbAlc of <6.5% reduced risk for nonfatal myocardial infarction but
increased all-cause mortality (mostly due to CV event) [168], especially in those
with mild to moderate CKD [169]. Older, frail subjects and those with advanced
kidney disease are likely to fare poorly with intensive programs of glycemia control
[170]. The Veterans Affairs Diabetes Trial (VADT) showed some benefits on CVD
events of intensive glycemia control over the first 5.6 years of follow-up, but this
effect was not sustained on prolonged follow-up totaling 15 years (active treatment
+ posttrial observation) [171]. No legacy effect of intensive treatment on CV event
rate was observed. However, after 11 years of follow-up (with 5.6 years of intensive
glycemic control), the patients in the intensive therapy group had a 34% higher odds
of maintaining an eGFR of >60 mL/min/1.73 m? compared to the standard therapy
group, suggesting that a legacy effect is seen with CKD outcomes [172].

Peroxisome proliferator-activated receptor gamma agonists (thiazolidinediones/
glitazones such as pioglitazone) can improve glycemic control in T2DM and may
slow progression of kidney disease, reduce proteinuria, and improve secondary CV
outcomes [173—175]. But CHF can be aggravated, and they can cause edema, some-
what limiting their overall usefulness for secondary prevention of CVD in CKD.

Volume Control While not extensively studied, the use of salt restriction and
diuretics is commonly advised in CKD to minimize the effect of chronic volume
expansion on hypertension and LVH and the undesirable effects in CVD including
CHEF. In the initial stages of CKD, thiazide diuretics may be effective, but in later
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stages (eGFR <30 mL/min/1.73 m?) they lose their natriuretic efficacy, even though
they may retain some antihypertensive effect [176]. Loop-acting diuretics (furose-
mide, bumetanide, torsemide) may be preferred in such patients. Mineralocorticoid
receptor antagonists (MRA: spironolactone, eplerenone, finerenone) can be used to
improve blood pressure control in CKD when hypertension is resistant to two or
more agents, and such treatment may have additional CV benefits such as improv-
ing CHF [177, 178]. However, hyperkalemia is a risk, particularly when patients
with advanced CKD are concomitantly receiving RASi. This risk can be attenuated
by coadministration of a potassium-binding resin such a patiromer or sodium zirco-
nium cyclosilicate [124]. Mineralocorticoid receptor antagonism might improve
outcomes in advanced dialysis-requiring kidney failure with an acceptable margin
of safety, but this will only be proven by ongoing clinical trials [178, 179].

Diet and Other Non-pharmacologic Approaches The use of dietary intervention
for prevention of progression of CKD and for primary or secondary prevention of
CVD in patients with established CVD has a long and checkered history. The diffi-
cult in doing rigorously controlled, well-powered RCTs has limited the develop-
ment of evidence-based recommendations. Population-wide observational studies
have suggested that a “healthy” eating style, in addition to avoiding obesity, smok-
ing, and obtaining moderate exercise, can lower risk of CVD. However, this benefit
of primary prevention of CKD has never been confirmed in an RCT. A large body
of observational data support a beneficial effect of a low-protein diet on progression
of CKD (secondary prevention), but this has also not been unequivocally confirmed
in an RCT [180, 181]. Whether such low-protein diets are also beneficial for CVD
prevention in such CKD patients remains uncertain. Also, it remains uncertain if
high-protein diet causes CKD or accelerates its progression [96, 97], but consump-
tion of increased amounts of processed or unprocessed red meat may have deleteri-
ous effects on CVD risk in CKD [96, 97].

A diet rich in plant-based foods, a Mediterranean style diet, and/or a DASH-type
diet rich in fruits and vegetables and low in salt and red meat [182, 183] seem to
have cardio-protective properties and perhaps a reno-protective effect [183, 184],
perhaps via better control of ideal weight, blood pressure, avoidance of excess
sodium salt, and improvement in potassium intake. A prudent, healthy style diet of
a DASH, Mediterranean, or plant-based forms and avoiding saturated fat by replac-
ing it with poly- or monounsaturated fats and vegetable sources of protein should be
advised for all patients with CKD, with or without CVD. Avoiding sources of
dietary cholesterol does not seem to be necessary in patients with CKD, with or
without CVD. The value of prebiotics and/or probiotics for primary or secondary
prevention of CVD in CKD remains largely unknown [185].

Anemia Management Moderate to severe anemia (hemoglobin of 9—10 gm/dL) is
fairly common in more advanced CKD (eGFR <45 mL/min/1.73 m?). This is due to
a combination of relative iron deficiency and inadequate endogenous erythropoietin
production. Anemia of this degree can contribute to LV remodeling and LVH [83].
Treatment of iron deficiency by oral or parenteral iron is indicated. Treatment with
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exogenous erythropoietin is not advised in pre-ESKD forms of CKD as these agents
may promote CVD, especially stroke [186]. Patients with CKD and a history of
stroke should avoid exogenous erythropoietin unless the anemia is severe (hemo-
globin <9 gm/dL and nonresponsive to iron repletion therapy).

Vascular Calcification Only very limited information is available concerning
interventions to reduce vascular CAC for secondary prevention of CVD in
CKD. Very recently, denosumab (a monoclonal antibody inhibitor of the bone
resorption mediator — RANKL) has been shown to slow or stop progressive CAC
artery calcification in advanced dialysis-dependent kidney failure, but whether this
has any effect on CVD events is unknown [187]. Non-calcium-containing phos-
phate binders in patients with moderate non-dialysis-requiring CKD may actually
increase the frequency of CAC [188]. The use of cinacalcet to reduce PTH levels
has not been shown to reduce the risk of ASCVD events in kidney failure treated by
dialysis [189]. A role of oral vitamin K supplementation or sodium thiosulfate for
prevention or treatment of vascular calcification is unknown but is being studied.

Antiplatelet Treatment for Prevention of CVD in Patients with CKD Antiplatelet
therapy using aspirin or other agents appears to reduce the risk of CVD events in
patients with CKD while having no effect on progression of CKD [190]. The risk of
adverse bleeding events from these agents is increased in CKD. One systematic
review and meta-analysis of RCTs involving 27,773 patients with CKD showed that
for every 1000 patients with CKD treated for 12 months with antiplatelet agents, 23
major CVD events will be prevented and 9 major bleeding events will occur [190].
Another study using propensity matching came to opposite conclusions, with
increased risks of ASCVD events and progression of CKD with the use of low-dose
aspirin [191]. Aspirin, if it is used at all in CKD, is not effective for primary preven-
tion (if you believe that CKD is a coronary risk equivalent), but it may be useful for
secondary prevention of ASCVD but with some level of bleeding risk.

Anticoagulants for Atrial Fibrillation Non-valvular atrial fibrillation (NVAFib) is
common in CKD (see above), thought to be due to LVH, underlying HFpEF or
HFrEF, and an enlarged left atrium. Such patients are at risk for embolic stroke.
Prophylactic anticoagulation using warfarin or a novel oral anticoagulant (NOAC;
apixaban, rivaroxaban, dabigatran, edoxaban) may be indicated [192]. The bleeding
risk is increased in advanced CKD, so the balance between efficacy and safety is
altered in CKD. In addition, warfarin and the vitamin K deficiency it produces can
have unfavorable effects on vascular calcification in CKD, including calciphylaxis
[193]. In addition, anticoagulation in CKD may predispose to anticoagulant-related
nephropathy, as the cause of AKI superimposed on CKD, probably due to large
amounts of hemoglobin in the tubular lumina provoking oxidant-induced cellular
injury [194]. At present, only limited trials of prophylaxis of embolic stroke in CKD
with have been conducted, as advanced CKD has been an exclusion factor in many
trials. A recent systematic review and meta-analysis [195] have shown that warfarin
is largely ineffective in prevention of ischemic stroke in patients with kidney failure
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(grade 5 CKD, ESKD). The risk of hemorrhagic stroke was increased (HR = 1.49;
95% CI = 1.03-1.94), but there was no added risk of major bleeding or increased
mortality. Apixaban appears to be preferred in moderately advanced kidney failure
because of its favorable pharmacokinetic profile in patients with reduced eGFR
[196]. As stated previously, treatment of HFrEF in patients with NVAF using beta-
blockers does not appear to reduce mortality in patients with CKD regardless of the
extent of renal impairment [130].

Hypouricemic Agents Asymptomatic hyperuricemia (plasma uric acid levels usu-
ally between 7 and 9 mg/dL) is fairly common in CKD, mainly in those with grade
3-5 CKD. A large body of observational and experimental data strongly suggests
that this hyperuricemia in an independent risk factor for CVD and for progression
of CVD, mainly ASCVD [197-199]. Cutoff values for serum uric acid levels iden-
tifying risk for acute myocardial infarction have been established in women but not
in men [198]. Controlled trials of hypouricemic agents (mainly allopurinol) have
had mixed results both for reno- and cardio-protection [197]. Due to a well-known
but uncommon propensity for allopurinol to produce devastating side effects (exfo-
liative dermatitis, vasculitis) which are hard to predict in individual patients and
uncertainty concerning its beneficial effects, it is not generally recommended for
treatment of asymptomatic hyperuricemia in CKD. This is a very controversial area,
and many experts do not recommend the use of hypouricemic agents in asymptom-
atic hyperuricemia for the purpose of slowing the rate of progression of CKD [200].
In the view of some, febuxostat is not recommended for this indication, as it has
been associated with an increased risk for CVD [201]. However, the association of
febuxostat with enhanced CVD risk has been challenged by recent observations,
including the febuxostat for Cerebral and Cardiovascular Events Prevention Study
from Japan [202]. This open label RCT including 1070 patients with or at risk of
cerebral, CV, or renal disease showed that febuxostat reduced serum uric acid and
decreased the primary composite event rate of cerebral, CV, and renal events
(HR = 0.75; 95% CI = —0.59-0.95). There was no increase in CVD events in the
febuxostat-treated group, and renal impairment was marginally less in the febuxo-
stat group (HR = 0.745; 95% CI = 0.56-0.99). Clearly, this field is in a dynamic
state, and further studies may help to clarify the uncertainties that exist concerning
the risk/benefit ratio for the use of either allopurinol or febuxostat for cardio-renal
protection in CKD with asymptomatic hyperuricemia. These agents have a clear and
unequivocal role for treatment of symptomatic gout with or without CKD or CVD.

Revascularization Procedures A comprehensive discussion of this complex topic
is beyond the scope of this chapter. Such procedures are generally used to treat
underlying, overt, often acute, ischemic heart disease. They may not be indicated in
patients with stable angina, including patients with advanced CKD, as studied in the
ISCHEMIA-CKD trial [203, 204].

Implantable Defibrillators This topic is also beyond the scope of this discussion.
Implantable electrical defibrillators are used to prevent a recurrence of ventricular
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fibrillation (VF) in patients who survive an episode of VF and “sudden cardiac death”
or in patients deemed to be at high risk for fatal ventricular arrhythmias (such as
patients with HFrEF and EF <35%) [205]. The benefits conferred by implantable elec-
trical defibrillators measured in terms of prolonged survival appear to be limited in
patients with CKD, especially those with advanced CKD or ESRD treated by dialysis.

6 Conclusions

Chronic kidney disease is a common problem that is frequently accompanied by
covert or overt cardiovascular disease that takes many forms, both atherosclerotic
and non-atherosclerotic in origin. The association of CKD and CVD is at least in
part due to risk factors held in common, such as advancing. Age, diabetes, obesity,
hypertension, and dyslipidemia but CVD-promoting factors unique to CKD also
contribute. The added burden of CVD seen in CKD contributes to a very great
extent to the morbidity and mortality of CKD. At least to some extent, these adverse
consequences are preventable. Primary prevention of CKD is at least feasible,
though not proven, by better control of high blood pressure, avoidance of obesity
and diabetes, minimizing exposure to nephrotoxic agents (including drugs, pesti-
cides, air pollution, and cigarette smoking), and better maternal health, thus reduc-
ing the prevalence of low birth weight and congenital nephropenia. But secondary
prevention of progression of CKD to ESKD and management of overt or covert
CVD using strategies to minimize the adverse consequences of dyslipidemia, reduc-
ing chronic volume expansion, improving glycemic control (in diabetics), improv-
ing nutrition, safely treating anemia, controlling the accumulation of “uremic”
toxins, inhibiting vascular calcification, preventing heart failure and left ventricular
hypertrophy, and reducing the prevalence of cardiac arrhythmias are all part of CVD
prevention in CKD. Many gaps exist in our knowledge of how best to safely and
effectively prevent CVD in patients with CKD, in part because of limitations for
entry of patients with overt CKD into CVD prevention trials. Nevertheless, the
recent upsurge of RCTs examining the effects of novel agents (e.g., SGLT2 inhibi-
tors, hypouricemic agents, hypolipidemic agents, drugs for optimal glycemic con-
trol) in patients with both CKD and overt or covert CVD augurs a favorable future
for this important objective.
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