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Abstract
Purpose of Review The incidence of chronic kidney disease is increasing worldwide, and the previously decreasing incidence of
cardiovascular disease has now plateaued. Understanding the intersection of both heart and kidney disease is crucial.
Recent Findings Chronic kidney disease and cardiovascular disease share common risk factors and specific pathogenic mech-
anisms and impact a significant segment of the population. Patients with chronic kidney disease are more likely to have
cardiovascular disease than progress to end-stage kidney disease requiring renal replacement therapy.
Summary We discuss shared risk factors and mechanisms for cardiovascular and chronic kidney disease. The following also
addresses contemporary cardiovascular treatment considerations in patients with chronic kidney disease with a focus on athero-
sclerotic cardiovascular disease and heart failure.

Keywords Chronic kidney disease . Cardiovascular disease . Atherosclerosis . Heart failure

Introduction

Bright provides one of the first reported associations between
kidney disease and cardiovascular abnormalities. In his 1836
publication entitled Cases and Observations Illustrative of
Renal Disease, accompanied with the Secretion of
Albuminous Urine, he notes that in his cohort of patients with
kidney disease, “deviations from health in the heart are well
worthy of observation: they have been so frequent, as to shew
(sic) a most important and intimate connexion (sic) with the
disease of which we are treating” [1]. What followed in the

ensuing 185 years of medical observations and research is a
clear intersection between the health of the kidneys and the
health of the cardiovascular system.

The heart and kidneys interact in a bidirectionally complex
manner, such that abnormalities in one organ often heralds
abnormalities in the other. Although both organ systems share
common risk factors for disease processes from diseases such
as diabetes mellitus and hypertension, these traditional risk
factors alone do not account for the high rates of cardiovascu-
lar disease (CVD) among individuals with chronic kidney
disease (CKD) [2, 3]. An improving, but still incomplete,
understanding of pathophysiological mechanisms leading to
increased risk of CVD in the presence of CKD should help to
elucidate treatment strategies for this high-risk patient popu-
lation (Fig. 1).

The following provides an overview of the epidemiology
of CVD among individuals with CKD, as well as discusses
pathogenic mechanisms for CVD specific to a CKD popula-
tion. We review contemporary treatment considerations for
individuals with CKD and the most encountered forms of
CVD in these patients (coronary artery disease (CAD) and
heart failure (HF)). We specifically focus on the non-
dialysis-dependent CKD cohort and its intersection with
CVD. Specific considerations for CVD in end-stage kidney
disease (ESKD) or following kidney transplantation are be-
yond this article’s scope.
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Epidemiology

Chronic kidney disease is defined as abnormalities of kidney
structure or function, present for greater than 3 months, with
health implications. The qualifier of “health implications”was
added to exclude, for example, structural abnormalities of
limited or no clinical consequence such as simple renal cysts.
CKD is classified based on cause, estimated glomerular filtra-
tion rate (eGFR) category (G1–G5), and albuminuria category
(A1–A3). Kidney Disease: Improving Global Outcomes
(KDIGO) clinical practice guidelines using the CKD nomen-
clature are shown in Fig. 2 [4]. Decreasing eGFR and increas-
ing albuminuria both impart a worse overall prognosis in
CKD.

Most CVD forms are more common among individuals
with CKD, including high incidences of atherosclerotic car-
diovascular disease (ASCVD), HF, valvular heart disease, and
sudden cardiac death [5]. Multiple studies in various patient
populations demonstrate that, independently, decreased eGFR
and increased albuminuria even in the microalbuminuria
range are associated with an increased risk of cardiovascular
mortality [6]. Elevated risk of cardiovascular death with de-
creasing eGFR appears to start at values below 75mL/min per
1.73 m2 and is markedly increasing at eGFR values below 45
mL/min per 1.73 m2 [7]. No such threshold exists concerning
albuminuria. Data suggest that even elevated values within the

“normal” range are associated with increased overall CV risk
[8]. Further, when assessing causes of death among individ-
uals with CKD, the proportion of deaths attributable to CVD
increases as eGFR decreases and/or albuminuria increases.
For example, Canadian data demonstrate that the proportion
of deaths from cardiovascular disease increases in a step-wise
fashion from 27.5 in patients with stages 1 and 2 CKD based
on eGFR to 58.0% among patients with stage 5 CKD [9, 10].

With respect to CAD, CKD is an independent risk factor
for CAD in community-based cohorts [11]. Older literature
suggests that CKDwas a CAD risk equivalent; however, such
a paradigm is not present in current guidelines [12].
Commonly used risk calculators for ASCVD such as the
Framingham risk score and the more contemporary pooled-
cohort equation likely underestimate underlying cardiovascu-
lar risk in patients with CKD. Themost recent American Heart
Association and American College of Cardiology Lipid
guidelines position states that CKD is anASCVD risk enhanc-
er when considering the use of lipid-lowering therapy in pri-
mary prevention [13].

Heart failure, and its many subtypes, is also clearly associ-
ated with the presence of renal impairment. Data suggest that
around half of all patients with HF also have CKD when
defined as an eGFR of less than 60 mL/min per 1.73 m2 [14,
15]. Among patients with HF admitted for acute decompen-
sated heart failure in the Acute Decompensated Heart Failure
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National Registry (ADHERE), most had a significant degree
of renal impairment. When evaluating 118,465 hospitaliza-
tions for acute decompensated HF between 2001 and 2005
in the USA, the mean eGFR among patients was 55 mL/min
per 1.73 m2, and only 9% were classified as having normal
kidney function compared to 20% that had an eGFR of less
than 30 mL/min per 1.73 m2 [16]. Even slight reductions in
eGFR have a significant impact on all-cause mortality in HF
patients [17].

Pathogenic Mechanisms

Given the significant burden of CVD among individuals with
CKD, identifying underlying pathophysiologic contributors is
essential to manage their excess risk. Both individuals with
CKD and CVD share many common risk factors for the oc-
currence of ASCVD, including hypertension, dyslipidemia,
obesity, and diabetes mellitus. Although these chronic condi-
tions are highly prevalent in patients with CKD, their presence
alone does not account for the additional CVD burden, thus,
implicating other uniquely renal-centric mechanisms.

Frequently, these different groups of risk factors are re-
ferred to as “traditional” and “nontraditional” cardiovascular
risk factors in CKD [18]. Both traditional and nontraditional
risk factors impact common pathways toward CVD develop-
ment, including endothelial dysfunction, systemic inflamma-
tion, neurohormonal activation, and abnormal hemodynamic
responses. Nontraditional factors specific to CKD individuals
include uremia and its associated circulating toxins, anemia,
positive calcium balance, and abnormalities in bone mineral
metabolism, which impact vascular calcification and malnu-
trition, which promotes inflammation.

Changes in the gut microbiome have also not been consid-
ered a traditional risk factor. Still, mounting evidence supports
its role in contributing to increased CV risk in the presence of
advanced CKD. In CKD, a dysbiotic intestinal microflora en-
hances the intestinal barrier’s permeability, allowing the pas-
sage of endotoxins and other bacterial products into the blood.
In CKD, there are evident changes among bacterial species
and subsequent consequences in metabolic products. One of
the contributing factors to gut dysbiosis in CKD is changes in
the biochemical environment due to the accumulation of
retained metabolic waste products (such as urea), which dif-
fuse into the gut [19]. Bacterial urease of the gut microbiota
hydrolyzes urea and produces large quantities of ammonia and
ammonium hydroxide, which raises luminal pH and alters gut
microbial subpopulations. This modified milieu combined
with a low-fiber diet in CKD results in gut-derived uremic
toxins from amino acid catabolism such as indoxyl sulfate
and p-cresyl sulfate. These changes coupled with intestinal
barrier dysfunction allow translocation of gut-derived prod-
ucts. This translocation can contribute to activation of host
inflammatory responses and T cell dysfunction and changes
in release of short-chain fatty acids used by the heart and other
organs [19, 20]. This has been postulated to contribute to
increased heart failure risk in CKD.

The relationship between dyslipidemia, inflammation, and
ASCVD is well established [21, 22]. These factors come into
even greater focus in the setting of significant albuminuria and
CKD,where their combined presence results inmore atherogenic
lipid profiles. This is likely in part due to excess low-density
lipoprotein cholesterol (LDL-C) oxidation and faulty high-
density lipoprotein cholesterol (HDL-C) function [23]. A typical
lipid profile in worsening CKD and albuminuria demonstrates
increased serum levels of triglycerides with high VLDL and
apoB, decreased levels of mature HDL, and decreased synthesis
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of apo A [24]. Dyslipidemia that is seen in the presence of CKD
can contribute to the inflammatory cascade in kidney failure. An
increase in circulating inflammatory biomarkers in individuals
with CKD is partly attributed to oxidative stress, which is seen
in dyslipidemia and in uremia [25]. Uremia also increases the
peripheral release of inflammatory cytokines, and a depressed
eGFR decreases their clearance. Chronic inflammation in CKD
may also be mediated via malnutrition and hypoalbuminemia.
Inflammation due to malnutrition in CKD is an essential factor
that impacts mortality [26, 27].

Hypertension has a bidirectional relationship with CKD, in
that it may be the cause of CKD or, instead, a consequence of
it. Among patients with CKD, blood pressure elevations are
often driven by sodium retention, activation of the renin-
angiotensin-aldosterone system (RAAS), excess sympathetic
nervous system activity, and increased vascular stiffness.
Endothelial dysfunction is seen in hypertension and CKD.
There is a correlation between albuminuria and endothelial
dysfunction when measured in peripheral blood vessels.
Endothelial dysfunction is thought to contribute to cardiovas-
cular mortality even in mild renal insufficiency, perhaps due
to reduced bioavailability of nitric oxide [28–31]. Decreased
nitric oxide bioavailability affects vascular smooth-muscle
contraction, platelet aggregation, and leukocyte adhesion to
the endothelium. Decreased renalase activity, whose function
is to metabolize catecholamines, is seen in kidney disease and
likely contributes to endothelial dysfunction [8, 32].

Additionally, asymmetric dimethylarginine (ADMA) is im-
plicated in endothelial dysfunction in patients with CKD.
ADMA competitively inhibits the generation of nitric oxide,
reduces cardiac output, and raises systemic vascular resistance.
Its plasma concentrations are increased in renal failure and as-
sociated with left ventricular hypertrophy (LVH) [33–35].

Hypertension unto itself is a significant contributor to
LVH. Among individuals with CKD, its prevalence is high.
For example, among individuals with an eGFR of less than 25
mL/min per 1.73 m2, 45% demonstrate LVH [36]. LVH in-
creases the risk of incident ASCVD due to myocardial ische-
mia in the setting of decreased capillary density and reduced
dilatory ability of the coronary arteries in response to reduced
perfusion, including microvascular dysfunction. LVH and its
left ventricular remodeling can also contribute to the develop-
ment of HF and electrophysiological changes within the left
ventricular myocardium, increasing one’s risk of cardiac ar-
rhythmias [37]. This may underlie the increased risk of sudden
cardiac death in advanced CKD and ESKD.

Calcific atherosclerosis and valvular heart disease are com-
mon in CKD [38]. The normal physiology that regulates phos-
phate and calcium via endocrine hormones and interactions of
the digestive tract, bones, and kidneys is not present even in
early-stage CKD. What results is active calcification—
stimulated by elevations of calcium and phosphate, inflamma-
tion, increased apoptosis, and depletion of calcium inhibitors

[39, 40]. Individuals with CKD tend to display one of two
types of vascular calcification, medial calcification or intimal
calcification, and the clinical consequences may be different.
Intimal calcification occurs in the setting of atherosclerosis
and is similar in patients with and without CKD.
Atherosclerotic plaque rupture and its ensuing cascade result
from intimal disease. Medial calcification results in increased
arterial stiffness [41]. Both are associated with worse cardio-
vascular outcomes.

Particularly in coexisting HF and CKD, heart-kidney inter-
actions are multifaceted, involving hemodynamic and neuro-
hormonal mechanisms, among others. Traditionally, worsen-
ing kidney function in HF was attributed to decreased cardiac
output and renal hypoperfusion. It is now well established that
the mechanisms governing their interaction are much more
complicated. Hemodynamically, GFR is dependent on renal
blood flow and its filtration fraction. These are determined by
the pressure gradient between the capillaries and the Bowman
space. Even in significantly decreased cardiac output, GFR is
maintained through autoregulatory and feedback mechanisms
[42]. So, although an acute reduction in cardiac output theo-
retically can result in acute kidney injury via type 1
cardiorenal syndrome (Fig. 3), data support a stronger corre-
lation between elevated central venous pressure (i.e., venous
congestion) and worsening renal function in decompensated
HF [43]. Central venous pressure is associated with renal ve-
nous hypertension and consequent increased interstitial pres-
sure within the kidney. This has an immediate effect on low-
ering GFR. RAAS and sympathetic nervous system activation
are also critical modulators of CKD and HF interactions.
Persistent activation results in worsening HF and worsening
renal function [44].

Overall, there is a myriad of proposed mechanisms for why
high rates of CVD occur in the setting of CKD. Highlighted
above are multiple significant contributing factors, but this
discussion is by no means exhaustive [8, 28, 44].

Atherosclerotic Cardiovascular Disease
and Chronic Kidney Disease

Individuals with CKD were traditionally excluded from trials
studying the treatment and management of CAD, as well as
other trials in cardiovascular medicine [45–49]. However, the
proportion of cardiovascular clinical trial participants with
CKD is increasing, and gradually studies are specifically eval-
uating CKD populations.

Secondary Prevention

The recent ISCHEMIA-CKD trial is a prime example of spe-
cific evaluations of CAD treatment in the setting of CKD. Run
in parallel with the larger International Study of Comparative
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Health Effectiveness With Medical and Invasive Approaches
(ISCHEMIA) trial, ISCHEMIA-CKD was a randomized trial
of the management of stable CAD in participants with ad-
vanced kidney disease, defined as an eGFR of < 30 mL/min
per 1.73 m2 [50••, 51]. Seven hundred and seventy-seven
participants with moderate or severe ischemia on stress testing
were randomized to an initial invasive strategy for the man-
agement of CAD involving coronary angiography and revas-
cularization, if needed, added to medical therapy, or an initial
conservative strategy of medical treatment alone and coronary
angiography reserved for those in whom medical treatment
failed. As the results of the larger ISCHEMIA trial, there
was no difference in the primary outcome (death or nonfatal
myocardial infarction) between initial invasive or conserva-
tive strategies (adjusted hazard ratio (HR), 1.01; 95% confi-
dence interval (CI), 0.79–1.29; p=0.95).

Among the CKD population that is at elevated risk of com-
plications, including contrast-induced nephropathy, an initial
invasive strategy was associated with a higher incidence of
stroke (HR, 3.76; 95% CI, 1.52–9.32; p=0.004) and a higher
incidence of death or initiation of dialysis (HR, 1.48; 95% CI,
1.04–2.11; p=0.03). Trials such as ISCHEMIA-CKD are es-
sential additions to the literature because seminal trials in the
treatment of stable CAD, such as COURAGE (Clinical
Outcomes Utilizing Revascularization and Aggressive Drug
Evaluation), enrolled a small percentage of patients with an
eGFR < 60 mL/min per 1.73 m2 (14%), and only 16 of 2287
total trial participants had advanced CKD [52]. ISCHEMIA-
CKD studied stable CAD. However, patients with CKD are
less likely to receive evidence-based therapies (both proce-
dures and medications) when presenting with acute coronary
syndrome (ACS) [53]. This lack of evidence-based use led to
a 2015 Scientific Statement from the American Heart
Association addressing pharmacotherapy in CKD patients
presenting with ACS [54].

In general, recommendations for secondary prevention of
ASCVD and ACS treatment paradigms among patients with
CKD are like those undertaken in individuals with normal
kidney function. These include control of cardiovascular risk
factors such as blood sugar, blood pressure, smoking cessa-
tion, and healthy lifestyle interventions such as maintaining
normal body weight, regular physical activity, and healthy
dietary patterns [8]. Use of statins and aspirin and select use
of beta-blockers and blockers of the renin-angiotensin-
aldosterone system are also recommended.

Primary Prevention

Concerning primary prevention in individuals with CKD,
multiple statins demonstrate cardiovascular risk reduction.
Individual patient 10-year and lifetime risk of ASCVD should
be assessed using available risk calculators, but even contem-
porary risk calculators tend to underestimate risk in individ-
uals with CKD. As such, CKD is considered a risk-enhancing
factor when using the pooled-cohort equation, much akin to
an early family history of ASCVD or the presence of meta-
bolic syndrome [13]. When choosing among statins, atorva-
statin is often the choice given its hepatic clearance and that
there is not a need to adjust its dose for kidney dysfunction.
Although not particularly robust, some data suggest that ator-
vastatin may ameliorate proteinuria and better maintain renal
function compared to rosuvastatin [55].

The Study of Heart and Renal Protection (SHARP) trial
provides a critical evaluation of the effect of LDL-C lowering
in patients with CKD [56]. Published in 2011, SHARP ran-
domized 9270 participants with CKD to placebo or simvastat-
in 20mg and 10 mg of ezetimibe daily. Participants did not
have a history of myocardial infarction or coronary revascu-
larization, and 33% of participants were undergoing renal re-
placement therapy. The simvastatin and ezetimibe
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combination yielded an average LDL-C reduction of 33 mg/
dL, ultimately resulting in a 17% proportional reduction in
major atherosclerotic events (rate ratio 0.83; 95% CI, 0.74–
0.94; log-rank p=0.002) over a median follow-up of 4.9 years.
This finding is corroborated by meta-analyses that similarly
demonstrate the apparent reduction of major adverse cardio-
vascular events when individuals with non-dialysis dependent
CKD take statins [57].

A notable recent additional medication for ASCVD risk
reduction is icosapent ethyl in patients with elevated serum
triglycerides. The REDUCE-IT trial was a multicenter, ran-
domized, double-blind, placebo-controlled trial involving pa-
tients with established CVD or diabetes and other risk factors,
already taking a statin, with fasting serum triglyceride levels
between 135 and 499mg/dL. A total of 8179 participants were
enrolled and followed for 4.9 years [58]. Two grams twice
daily of icosapent ethyl significantly reduced the composite
primary endpoint of cardiovascular death, nonfatal myocardi-
al infarction, nonfatal stroke, coronary revascularization, or
unstable angina (HR, 0.75; 95% CI, 0.68–0.83; p<0.001).
The results of pre-specified and post hoc subgroup evaluations
of patients with CKD (REDUCE-IT RENAL) were presented
in November 2020 at the American Society of Nephrology
Kidney Week. Among all trial participants, 22% had a base-
line eGFR of < 60 mL/min per 1.73 m2. A pre-specified anal-
ysis stratified participant by eGFR <60, 60–90, and >90 mL/
min per 1.73 m2. The benefit of icosapent ethyl was consistent
across baseline eGFR for the primary endpoint. The numerical
reduction in CV death was in fact greatest in the eGFR <60
mL/min/1.73m2 group (HR, 0.70; 95% CI, 0.51–0.95,
p=0.02). The percentage of enrolled participants with stage 4
and 5 CKD was minimal (<1% of all trial participants), so
extrapolating its results to populations with more advanced
kidney disease is not recommended. This is particularly true
given a trend toward serious bleeding in the icosapent ethyl
group (2.7% vs. 2.1%, p=0.06), which is more likely in ad-
vanced CKD, and because controversy remains about the ad-
verse cardiovascular impact of the mineral oil placebo used in
REDUCE-IT [59].

The recent publication of data regarding a nonsteroidal
selective mineralocorticoid receptor antagonist (finerenone)
demonstrates promising results in the treatment of diabetic
kidney disease and concomitant cardiovascular risk reduction.
The FIDELIO-DKD (Finerenone in Reducing Kidney Failure
and Disease Progression in Diabetic Kidney Disease) trial was
a double-blind, placebo-controlled trial that assessed 5734
participants with type 2 diabetes mellitus and, either a urine
albumin-to-creatinine ratio between 30-300mg/g, an eGFR
between 25 -60 mL/min per 1.73m2, and diabetic retinopathy,
or a urine albumin-to-creatinine ratio of 300 - 5000mg/g and
an eGFR of 25-75 mL/min per 1.73 m2. The primary endpoint
was a composite kidney disease progression endpoint, and
finerenone demonstrated a significantly lower risk of CKD

progression (HR, 0.82; 95% CI, 0.73–0.93; p=0.001) [60••].
A key secondary outcome assessed was a composite of car-
diovascular death, nonfatal myocardial infarction, nonfatal
stroke, or hospitalization for heart failure. Finerenone signifi-
cantly reduced CVD risk compared with placebo (HR, 0.86;
95% CI, 0.75–0.99; p=0.034). Notably, there was no signifi-
cant interaction between participants experiencing CVD in
patients with and without a CVD history [61]. As of April
2021, finerenone was not yet FDA approved but appears des-
tined for approval in patients with diabetic kidney disease to
delay kidney disease progression. Finerenone will also have
the added benefit of reducing CV risk in these individuals.

Looking toward the subsequent impactful therapies for the
prevention of ASCVD, we must consider the role of lipopro-
tein a (Lp(a)) in lowering pharmacotherapies. Lp(a) is a highly
atherogenic, LDL-like lipoprotein, and elevated Lp(a) is an
independent and causal risk factor for ASCVD in the general
population and patients with CKD [62]. High Lp(a) is also a
risk factor for calcific aortic stenosis. Reduced kidney func-
tion impacts Lp(a) levels and its catabolism. Further, it has
been suggested that Lp(a) may have a causal role in CKD
progression [63]. Multiple therapies are under investigation
for the lowering of Lp(a), including the ongoing phase 3 car-
diovascular outcomes trial of pelacarsen, which is an antisense
oligonucleotide (Lp(a) HORIZON, clinicaltrials.gov
NCT04023552). Given that Lp(a) is seen in increased levels
in CKD, therapies to lower Lp(a) represent a potential
therapeutic target to decrease the known excess
cardiovascular risk in this patient population [64].

Evaluation of ASCVD prevention and treatment paradigms
in patients with CKD must continue because patients with
CKD present a unique population with significantly elevated
risk. Although efforts to enroll patients with CKD in ASCVD
treatment and prevention trials are improving, they remain far
from ideal.

Heart Failure and Chronic Kidney Disease

Among individuals with HF and reduced eGFR, understand-
ing the etiology of the impaired kidney function is critical.
Some HF may have underlying CKD unrelated to HF itself,
others’ kidney function may be impaired due to cardiorenal
syndrome, or both underlying CKD and cardiorenal syndrome
can be at play simultaneously. The term cardiorenal syndrome
is commonly used; however, understanding the direction of
the organ insult, i.e., underlying kidney disease driving cardi-
ac dysfunction or vice versa is very important (Figure 3.) This
can often be challenging, and a clear answer is not always
available.

Although the use of blockers of the renin-angiotensin-
aldosterone system (RAAS) and the use of mineralocorticoid
receptors antagonists (MRA) are well established in heart
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failure with reduced ejection fraction (HFrEF) and proteinuric
CKD separately, many pivotal HFrEF trials excluded partici-
pants with advanced CKD [65–69]. There are understandable
concerns about hyperkalemia and acute kidney injury when
initiating RAAS blockers andMRAs in patients with concom-
itant CKD and HFrEF. This is particularly true when the
eGFR is below 30 mL/min per 1.73 m2. Dose adjustments
and close monitoring are recommended in most cases with
an eGFR less than 45 mL/min per 1.73 m2 [70]. However,
RAAS blockers should not be routinely discontinued if CKD
worsens unless there is a clear indication for their discontinu-
ation. Perhaps due to the above factors, standard guideline-
directed medical therapy is lower in patients with CKD when
compared to other HFrEF patients [71].

The use of angiotensin receptor neprilysin inhibitors
(ARNI) is a class one recommendation in HFrEF [65]. The
pivotal trial for this class of medications was the Prospective
Comparison of ARNI with ACE inhibition to Determine
Impact on Global Mortality and Morbidity in Heart Failure
Trial (PARADIGM) [68]. A subgroup analysis demonstrated
that in individuals with stage 3 CKD, sacubitril/valsartan de-
creased rates of cardiovascular mortality and HF hospitaliza-
tion when compared to enalapril [72•]. PARADIGM excluded
individuals with stage 4 or higher CKD, limiting any extrap-
olation of its use in this patient population.

An essential contemporary pharmacotherapy addition to
treating CKD and HFrEF is sodium-glucose co-transporter-2
(SGLT2) inhibitors. Although initially developed as a therapy
for diabetes mellitus, this class of medications demonstrates
clear benefits in treating CKD and HFrEF. This recognized
and almost mandated as treatment by both the American
Diabetes Association Clinical Practice Guidelines and the
KDIGO Diabetes guidelines [73, 74]. The beneficial impact
in HFrEF is so significant that SGLT2-inhibitors are increas-
ingly being encouraged as a component of initial pharmaco-
therapy in HFrEF treatment strategies combined with ARNIs
[75]. Multiple trials demonstrate the beneficial effects of
SGLT2 inhibitors, even in the absence of diabetes. A 2020
meta-analysis of eight SGLT2 inhibitor trials with a combined
59,747 patients suggests the magnitude of risk reduction ap-
pears to be most significant for decreasing hospitalizations for
HF (HR, 0.69; 95% CI, 0.64–0.74) and for slowing the pro-
gression of kidney disease (HR, 0.62; 95% CI, 0.56–0.70),
with more modest risk reduction when assessing mortality
(HR, 0.84; 95% CI, 0.78–0.91) and myocardial infarction
(HR, 0.91; 95% CI, 0.84–0.99) [76•].

Specifically, in patients with diabetes, SGLT2 inhibitors
reduce the risk of dialysis, transplantation, or death due to
kidney disease and protect against acute kidney injury [77].
Most recently, DAPA-CKD (Dapagliflozin and Prevention of
Adverse Outcomes in Chronic Kidney Disease) randomized
4304 participants with eGFR between 25 and 75 mL/min per
1.73 m2 and an albumin-to-creatinine ratio of 200–500 mg/g

to placebo or 10 mg daily of dapagliflozin [78••]. The primary
outcome (a composite of eGFR decline of at least 50%, end-
stage kidney disease, or death from renal or cardiovascular
causes) was reduced with dapagliflozin (HR, 0.61; 95% CI,
0.51–0.72; p<0.001). The effects of dapagliflozin were similar
in participants with type 2 diabetes (67% of trial participants)
and in those without type 2 diabetes. The hazard ratio for the
primary outcome among non-diabetic participants (HR 0.50;
95% CI, 0.35–0.72) was slightly lower than those with diabe-
tes (HR 0.50; 95% CI, 0.52–0.79).

Conclusion

Given the high incidence of CVD among individuals with
CKD, it is vital to understand the common links between the
two and understand how CV treatment paradigms may be
impacted by renal dysfunction. Traditionally, individuals with
CKD are under-represented in CV clinical trials. However,
this is changing with trials such as ISCHEMIA-CKD [50••]
and trials of medications beneficial in HF such as SGLT2
inhibitors. A greater understanding of chronic kidney dis-
ease’s impact on CV risk assessment and treatment strategies
is still needed.
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