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Evolution of cardiovascular disease during the transition to end-
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Abstract

Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality in patients
with chronic kidney disease (CKD) and end stage renal disease (ESRD). The rate of death in
incident dialysis patients remains high. This has led to interest in the study of the evolution of
CVD during the critical transition period from CKD to ESRD. Understanding the natural history
and risk factors of clinical and subclinical CVD during this transition may help guide the timing of
appropriate CVD therapies to improve outcomes in patients with kidney disease. This review will
provide an overview of the epidemiology of subclinical and clinical CVD during the transition
from CKD to ESRD and discuss clinical trials of CVD therapies to mitigate risk of CVD in CKD
and ESRD patients.
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Introduction

In the United States, chronic kidney disease (CKD) affects 14% of the population, including
approximately 500,000 patients with end-stage renal disease (ESRD), who receive dialysis
or a kidney transplant. There have been many advancements in the care of kidney disease
patients: there is greater recognition of CKD and incidence rates of treated ESRD are
decreasing. However, the rate of death among incident dialysis patients remains
unacceptably high. This has led to greater interest in the study of the critical transition
period from CKD to ESRD. More specifically, understanding the evolution of cardiovascular
disease (CVD), which remains the leading cause of morbidity and mortality in patients with
kidney disease, during the transition from CKD to ESRD may lead to improved outcomes in
this population.
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Epidemiology of cardiovascular disease at advanced stages of kidney

disease

CVD remains the leading cause of morbidity and mortality among patients with CKD.
Studies have suggested that the risk of death from CVD exceeds the risk of progression to
ESRD among CKD patients. Keith et al. analyzed outcomes of 27,998 patients with CKD
and showed that the 5-year mortality rates for CKD stages 2, 3, and 4 were 19.5%, 24.3%,
and 45.7%, respectively; while the percentages of patients with these stages who progressed
to ESRD were much lower at 1.1%, 1.3%, and 19.9%.1 Among patients with CKD, lower
estimated glomerular filtration rate (¢GFR) (or more advanced CKD) is associated with even
greater risk of CVD compared to mild or moderate stages of CKD. In a study of over 1.1
million adults, Go et al reported a step-wise graded increase in age-standardized rates of
CVD events (which included hospitalizations for CHD, HF, ischemic stroke and PAD)
across declining categories of eGFR.2 Age-standardized rates of CVD events were 21.80
(per 100 person-years) among patients with stage 4 CKD (eGFR 15-29 ml/min/1.73 m?) and
36.60 (per 100 person-years) for stage 5 CKD (<15, not on dialysis) compared with 11.29
(per 100 person-years) for stage 3b CKD. Similarly, in over 11,000 participants in the
Atherosclerosis Risk in Communities (ARIC) Study, lower eGFR was associated with
greater risk of CVD across all categories of age, race and gender.3 In a pooled analysis of 21
studies of over 1.2 million study participants, investigators reported a linear association
between lower eGFR and risk of CVD mortality. Those with stage 5 CKD (eGFR 15-29
ml/min/1.73 m2) had up to 5 to 13 fold greater risk of CVD mortality compared to those
with eGFR 90-104 ml/min/1.73 m2, which varied based on the level of albuminuria.? In the
same study population, the addition of eGFR and urine ACR significantly improved
discrimination of heart failure, coronary disease and stroke risk, beyond traditional CVD risk
factors.?

Coronary disease and heart failure (HF) are the leading types of CVD among patients with
advanced CKD. Data from USRDS reports that among CKD patients who die, 91% have a
diagnosis of CVD overall; and 57% have a diagnosis of coronary CVD and 63% have a
diagnosis of HF.6

Epidemiology of cardiovascular disease at end-stage renal disease

CVD affects greater than 50% of patients receiving dialysis. In the Wave 2 Dialysis
Morbidity and Mortality Study (DMMS), a prospective study of 4024 patients initiating
dialysis therapy in the United States from 1996 and 1997, a history of HF was present in
35% of patients, coronary disease in 32%, peripheral vascular disease in 17%, and
cerebrovascular disease in 10%- so that, overall, 52% had preexisting overt cardiovascular
disease.” In patients without prevalent CVD, rates of incident CVD were high—10.2%
developed incident coronary disease, 13.6% incident HF, 2.2% incident stroke and 14%
incident peripheral vascular disease over a mean of 2.2 years.’ Studies have also reported
that CVD contributes significantly to morbidity among ESRD patients, leading to frequent
hospitalizations and re-hospitalizations.8-10 Presence of CVD also adversely affects long-
term survival in ESRD patients. CVD contributes to more than half of all deaths in patients
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with ESRD (Figure 1). Of the subtypes of CVD, arrhythmias and cardiac arrest account for
the greatest proportion of deaths in patients with ESRD.11-13

Cardiovascular events and death during first 90 days of dialysis initiation

The period of incident dialysis is a physiologically complicated time with heightened risk
for CVD and mortality. As patients initiate dialysis, there are significant changes in blood
pressure, volume status and circulating solutes, all of which may contribute to increased risk
of CVD. In a study of over 300,000 incident dialysis patients, the risk of death during the
first two weeks after starting dialysis was 2.72-fold higher and the risk of hospitalization was
1.95-fold higher compared to the risk of death and hospitalization after the first year....14
The risk of mortality and hospitalization remained elevated through the initial 90 day period
and decreased substantially between days 91 and 365.14 This study did not report rates of
CVD related deaths or hospitalizations unfortunately. Data from the Dialysis Outcomes and
Practice Patterns Study (DOPPS, 1996 to 2004) reported that the risk of death was elevated
during the first 120 days after initiation of dialysis compared with 121 to 365 days (27.5 vs.
21.9 deaths per 100 person-years, p=0.002).1> The most common cause of death in the first
120 days was CVD and the greatest difference in rates of early deaths vs. late deaths was for
CVD-related deaths versus other causes (Figure 2). Prevalent HF was one of the strongest
predictors of early death after initiation of dialysis.}® Given the high rates of adverse events
in the first few months after dialysis initiation, understanding the evolution of CVD during
the transition from CKD to ESRD may ultimately improve outcomes among incident
dialysis patients.

Clinical cardiovascular disease during the transition from CKD to ESRD

While there have been several studies examining prevalence and incidence of CVD during
CKD as well as at ESRD, there is limited data on the evolution of clinical CVVD during the
transition from CKD to ESRD. USRDS reports that at 18.5 months prior to ESRD, 50% of
Medicare patients have evidence of CVD. The cumulative probability of CVD increases in
the months prior to ESRD (Figure 3). By the time of ESRD, nearly 90% of patients have
CVD. According to this data, rates of atherosclerotic CVD and HF are comparable. In a
longitudinal analysis of a subset of participants in the Chronic Renal Insufficiency Cohort
Study, 190 participants were followed from advanced CKD (mean eGFR 17 ml/min/173 m?)
through initiation of dialysis. During the transition from CKD to ESRD, overall prevalence
of CVD increased (from 51% to 64%). Specifically, prevalence of HF increased from 15% to
26%, stroke from 14% to 18%, myocardial infarction from 25% to 38% and peripheral
vascular disease from 9% to 11%.16 These studies provide evidence that there is a
cumulative increase in CVD during the transition from CKD to ESRD. Further studies are
needed to characterize the risk factors, particularly those that are potentially modifiable,
during this critical phase of disease.

Subclinical cardiovascular disease during the transition from CKD to ESRD

As a precursor to clinical CVD, investigation into the evolution of subclinical CVD from
CKD to ESRD provides important insight on the natural history and risk factors that may
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contribute to the heightened risk of CVD during this transition period, which may ultimately
guide the timing of interventions in patients with CKD. CVD imaging tools have been
utilized in clinical studies to evaluate subclinical CVD during this transition.

Left ventricular structure and function

In patients with CKD and ESRD, abnormalities in left ventricular structure and function are
common and are associated with adverse clinical outcomes.21417 Approximately three-
quarters of incident dialysis patients are reported to have left ventricular hypertrophy,18:19
which is an independent predictor of cardiovascular events and death after onset of
ESRD.20:21 Similarly, low left ventricular ejection fraction (LVEF), even in the absence of
clinical HF, has also been shown to be a risk factor for CVD and all-cause mortality among
patients with CKD and ESRD.22:23

With declining eGFR and progression to ESRD, it has been hypothesized that there is
progression of subclinical measures of CVD as measured by echocardiogram. We studied
190 participants from the multi-center observational study, the Chronic Renal Insufficiency
Cohort (CRIC) study, who progressed to ESRD and initiated dialysis. We compared
echocardiograms performed at incident dialysis to echocardiograms performed at stage 4 or
5 CKD (eGFR<20 ml/min1/73 m2). Overall, during the transition from CKD to ESRD over
a mean of 2.0 years, the proportion of patients with LVH did not significantly change (85%
at advanced CKD vs. 79% at ESRD, p=0.1). Mean LVMI did not change either (62 g/m2.7
at advanced CKD vs. 60 at ESRD, p=0.1). However, there was a modest, but statistically
significant decline in LVEF from advanced CKD to ESRD (from 53% to 50%, p=0.002);
and the proportion of patients with reduced LVEF (defined as LVEF<50%) increased from
29% to 48% from advanced CKD to ESRD (p<0.001).16 This study suggested that LVM is
abnormally elevated but relatively “fixed” by advanced stages of CKD. In contrast, there is a
deterioration of LVEF during the transition from CKD to ESRD. Physiologically, this is
plausible as pathologic processes such as hypertension are initiated early in CKD, likely
leading to LVH, an adaptive response that initially normalizes wall stress and maintains a
normal LVEF. Over time, L\VH may cause subendocardial ischemia and fibrosis, which can
lead to systolic dysfunction.

The CASCADE study examined echocardiograms one-year apart in 278 patients with stages
3-5 CKD (of which 140 had stage 4-5 CKD).24 Among patients with stage 4 and 5 CKD at
baseline, mean eGFR decreased from 18 to 15 ml/min/1.73 m2 (it is unknown whether any
of these participants started dialysis) over one year, LVMI increased (from 115 to 123 g/m2),
and left atrial volume increased (from 33 ml/m2 to 39 ml/m2). However the change in LVEF
was not statistically significant. These results differ from the previous study done among
CRIC participants. These findings also differ from a study of 41 heart failure patients, where
LVMI decreased after initiation of HD.2® There are several possible explanations for the
differing findings among these studies. There were key differences in the study populations
as well as the timing of the echocardiograms. In the CRIC study, there was a greater
difference in time between echocardiograms which may have allowed more time for
significant detectable changes.
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In contrast to the observational studies discussed above, the IDEAL trial randomized stage 5
CKD patients to early vs. late start dialysis. As part of the trial, serial echocardiograms were
performed 12 months apart in a subset of 182 (out of 646 total) participants.2® After 12
months, 55.5% started HD, 41.2% started PD and 3.2% did not start dialysis. Primary
outcomes for the echocardiogram substudy included change in clinically important
echocardiogram measures. At baseline, echocardiogram measures were abnormal in both
groups with no significant differences between the late vs. early start groups. The study
found that there was no change in LVMI, LA diameter, diastolic dysfunction or LVEF over
12 months (Figure 4).26 These findings suggest that earlier initiation of dialysis does not
result in differences in cardiac structure and function. This is interesting, particularly given
the differences in findings compared with the previous observational studies. It should be
noted that in the IDEAL study, over 40% initiated PD (vs. HD), which was not the case for
the observational studies. Differences in dialysis modality may be one possible explanation
for the differing results of the IDEAL trial versus the observational studies.

Vascular calcification

Vascular calcification is strongly linked with coronary atherosclerosis and cardiac valvular
disease. Vascular calcification is more common in patients with CKD and ESRD compared
to the general population. An autopsy study of 56 patients on dialysis and 18 patients with
CKOD reported that calcification was present in 79% of dialysis patients and 44% of the CKD
patients.2’

Measurement of coronary artery calcium (CAC) by coronary tomography (CT) is one
measure of vascular calcification. Several studies have demonstrated a graded relationship
between lower estimated glomerular filtration rate (¢GFR) and higher CAC.28-31 Among
participants with CKD in the CRIC study, smoking, hypertension, diabetes, and serum
phosphorus were associated with greater odds of CAC while there was an inverse association
between eGFR and odds of CAC.32 Studies have reported that higher CAC predicts CVD
events and mortality among patients with CKD.33

Among patients receiving dialysis, there appears to be progression of CAC over time.
Among 213 dialysis patients, approximately half had CAC Agatston scores>400, placing
them at high risk for CVD events.3* Over one year, CAC Agatston scores increased by 25%
(mean Agatston score increased by 87).34 Progression of CAC did not vary by anti-
hypertensive or statin use. In another study of 99 participants initiating dialysis, 37% had
progression of CAC over 1 year.3

Non-coronary vascular calcification also progresses during the transition from CKD to
ESRD. In a study of 134 patients, 60 on HD, 28 on PD and 46 with stage 4 CKD, patients
were evaluated for progression of femoral vascular calcification by multi-slice spiral CT
performed at baseline, 12 months and 24 months.36 Over the 24 months, approximately half
of the stage 4 CKD patients initiated dialysis. Median calcium score increased over 24
months across all three groups of patients, with the largest increase among HD patients. Age
and male gender were associated with greater progression of vascular calcification while
higher serum albumin, use of lipid lowering agents and b-blockers were associated with less
progression of vascular calcification. In survival analyses, change in calcium score was
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significantly associated with higher mortality.36 Although this study was small, the
conclusions were interesting and relevant to CVD management during the transition from
CKD to ESRD.

Arterial stiffness

Avrterial stiffness is measured by pulse wave velocity (PWV). Abnormally high PWV is
highly prevalent among patients with CKD and ESRD3" and there is a step-wise increase in
PWV with progressive stages of CKD.38:39 In a study of over 2,500 CKD participants from
the CRIC study, age, blood glucose concentrations, race, waist circumference, blood
pressure and diabetes were positively associated with higher PWV while there was a
negative association between PWV and level of kidney function.4? Higher PWV is
associated with greater risk of CVD and death among patients with CKD and ESRD.#1-45 In
a study of 241 HD patients, higher PWV was associated with greater than 5-times odds for
all-cause mortality and nearly 6-fold greater odds for CVD mortality.#l Among 2600
patients with CKD, those with the highest PWV had greater than 3-fold greater risk of
incident HF. This association remained statistically significant even with adjustment for
brachial blood pressure.** Longitudinal studies have suggested that arterial stiffness worsens
with progression of CKD. One study found that over 24 months, PWV increased among
stage 4 CKD patients (of which approximately half initiated dialysis).36

Risk factors and therapies for cardiovascular disease during the transition
from CKD to ESRD

Cardiovascular medication use

CVD medications are a mainstay of primary and secondary CVVD prevention, however they
are often underutilized in patients with CKD and ESRD. There are a few studies that have
specifically examined use of these medications during advanced stages of CKD and through
the transition to ESRD. Our previous study noted of almost 1800 participants with stage 4
and 5 CKD not on dialysis reported that 70% were using ACE/ARBS, 52% were taking
calcium channel blockers, 59% B-blockers, 12% were on coronary vasodilators, 70% were
on diuretics, 30% were on alpha-blockers and 64% were on statin therapy.46

One USRDS study examined use of anti-hypertensive medications during the transition from
CKD to ESRD among patients >67 years.4’ This study found that the number of anti-
hypertensive medications increased as patients neared ESRD (peaking at 3.4 in the quarter
preceding dialysis initiation), however declined to an average of 2.2 anti-hypertensive
medications 2 years later. ACE and ARB use did not significantly change during the
transition from CKD to ESRD, even among patients with coronary disease and HF.47

A recent study evaluated pre-dialysis CVD medication adherence (which included all blood
pressure medications, statins, and aspirin) and mortality after transition to ESRD among
over 32,000 U.S. Veterans.*8 The authors reported that 76% of patients had over 80%
adherence to CVD medications prior to initiating dialysis. Patients with high CVD
medication adherence were older, more likely to be white and married, and were more likely
to initiate dialysis with an arteriovenous fistula. In multivariable models, lower adherence to
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CVD medications in the year prior to dialysis initiation was associated with greater risk of
all-cause and CVD mortality after dialysis initiation.*8

Another group investigated patterns of medication use after initiation of dialysis. Among
12,000 HD patients, 59% were prescribed a beta-blocker, 45% a RAAS inhibitor, 49% a
CCB and 28% a diuretic at 6 months post dialysis initiation.* Among the 900 PD patients
in the study, 55% were taking a beta-blocker, 52% a RAAS inhibitor, 50% a CCB and 41% a
diuretic at 6 months post dialysis-initiation.#° From months 1 to 6, prescription of anti-
hypertensive medications increased in HD patients, with the exception of diuretics, which
declined. BP medication prescription was higher among patients with a pre-existing CVD or
diabetes. RAAS inhibitor prescription was greater in patients with diabetes but did not differ
by prevalent CVD status.*® In examining beta-blocker use in long-term survivors, of all
patients prescribed a beta-blocker at 6 months, 89% and 76% of those who survived at 12
and 24 months, respectively, continued beta-blocker prescriptions.

Overall, the current studies suggest that there are opportunities to improve CVD medication
prescription and adherence for the primary and secondary prevention of CVD during the
transition from CKD to ESRD, which may improve outcomes, particularly in patients with
prevalent CVD.

Hypertension

Prior observational studies have consistently noted a U-shaped association between level of
systolic blood pressure (SBP) measured in the dialysis unit and risk of all-cause mortality
among HD patients.46:50-60 HD patients with pre-dialysis systolic blood pressure less than
140 mmHg experience higher risk of mortality than those with SBP above 140
mmHg.46:52:53.61.62 Moreover, patients with pre-dialysis systolic blood pressure of 150-179
mmHg appear to be at similar, if not lower, adjusted risk for death compared to those with
pre-dialysis SBP of 140-149 mmHg, even accounting for case-mix.52:63 We aimed to
understand the association of blood pressure and risk of all-cause mortality among patients
with stage 4 and 5 CKD (not on dialysis) and these same cohort of participants as they
transitioned to ESRD and initiated dialysis in the CRIC study.52 We first examined the
association of systolic blood pressure measured when the participants’ eGFR<30 ml/min/
1.73 m2 and risk of all-cause mortality. We found that in multivariable models, the
association between SBP and mortality was not statistically significant. In these same
participants who survived to ESRD and initiated HD, we confirmed a U-shaped associated
between level of systolic blood pressure and risk of all-cause mortality (with a nadir of 140-
160 mmHg) as seen by other studies.®? Interestingly, in these same participants, when blood
pressure was measured at a CRIC study visit (rather than in the dialysis-unit), we noted a
strong, linear association between higher systolic blood pressure and greater risk of
mortality.52

There are a limited number of clinical trials to guide blood pressure treatment among
patients with CKD and ESRD. A recent landmark clinical trial, the SPRINT trial,
demonstrated that targeting a systolic blood pressure less than 120 mm Hg resulted in lower
rates of cardiovascular disease (CVD) and death in the general population and in the
subgroup with mild to moderate CKD (which comprised 20% of trial population).®4
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However, few SPRINT participants had advanced CKD (e.g. stage 4 or 5, not requiring
dialysis).®5 In a meta-analysis of 8 such trials of HD patients, lowering of dialysis-unit BP
was associated with 29% lower risk of CVD events and 29% lower risk of CVD mortality.56
Some trials have focused on specific agents of BP medications8”-70 or specific groups of HD
patients (e.g. those with HF).”1.72 For example, one study randomized 366 HD patients to
ARB versus no ARB. The trial found that ARB use was associated with nearly 50%
reduction in CVD events.57 In another study of 251 hypertensive HD patients, investigators
randomized participants to either amlodipine versus placebo. Participants randomized to
amlodipine achieved lower blood pressure and had a 47% reduction in risk of all-cause
mortality or CVD.%9 Furthermore, the ongoing Blood pressure in Dialysis (BID) trial is
testing pre-dialysis blood pressure targets in the HD population and will hopefully provide
important information.’3

One group of investigators evaluated whether blood pressure during CKD is associated with
outcomes after progression to ESRD. The MDRD trial was a randomized controlled trial of
the effect of strict blood pressure control and dietary protein restriction on the progression of
CKD among CKD patients with GFR 13-55 ml/min/1.73 m2. In a post-hoc analysis of the
MDRD trial, Ku et al examined risk of post-ESRD mortality in patients randomized to strict
blood pressure control (MAP<92 mmHg, which corresponds to 125/75 mmHg) vs. usual
blood pressure. Of the 840 enrollees, 627 developed ESRD over a median follow-up time of
19.3 years from randomization. Post ESRD, median follow-up time was 10.0 years.
Participants randomized to strict blood pressure control during CKD had a lower risk of
death after ESRD (adjusted HR 0.74, 95% CI: 0.59, 0.92).74

Collectively, the observational and clinical trial data suggest that lower blood pressure
targets may reduce risk of CVD in patients with CKD and ESRD. Although further studies
are needed to test these hypotheses in patients with advanced CKD and determine which
blood pressures (pre-dialysis, home dialysis, etc) should be the target of therapy in HD
patients and what those blood pressure targets should be.

Lipid lowering

Lipid lowering medications have been proven to reduce risk of CVD in the general
population. The data on lipids and lipid lowering medications in patients with CKD and
ESRD are less certain. A few trials have tested the efficacy of lipid lowering medications to
improve outcomes in patients on dialysis. The 4D trial randomized over 1200 HD patients
with diabetes mellitus to atorvastatin vs. placebo. The study found that atorvastatin had no
statistically significant effect on the composite primary end point of cardiovascular death,
nonfatal myocardial infarction, and stroke in patients with diabetes receiving HD.”® In the
AURORA trial of 2776 HD patients, those randomized to rosuvastatin (versus placebo) had
lower LDL cholesterol levels however there was no significant effect on the composite
primary end point of CVD death, non-fatal M1 or non-fatal stroke.”® Subsequently, the Study
of Heart and Renal Protection (SHARP) trial randomized over 9,000 patients with CKD and
ESRD with no history of MI or coronary revascularization. Patients were randomly assigned
to simvastatin plus ezetimibe vs. matching placebo. The primary outcome was first major
atherosclerotic event. Overall, there was 17% risk reduction (95% CI: 6%, 26%) in major
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atherosclerotic events in patients randomized to simvastatin plus ezetimibe.”” Among the
subgroup of patients with CKD not receiving dialysis, the findings were similar to the
overall trial results. However, among patients receiving dialysis, there was no benefit of lipid
lowering therapy.”” While no studies have been specifically conducted to evaluate the effects
of lipid lowering medications during the transition from CKD to ESRD, the current body of
literature suggests that lipid lowering medications may be appropriate in CKD, with less
clear benefits in patients receiving dialysis.

Implantable cardioverter defibrillators

Patients with kidney disease are at high risk for sudden cardiac death.12:78 Rates of SCD rise
with declining eGFR® and the risk of SCD is particularly high during the first three months
after dialysis initiation.® Trials have demonstrated that implantable cardioverter defibrillators
(ICDs) as a primary prevention strategy for SCD can reduce the risk of death in adults with
HF and reduced left ventricular ejection fraction (LVEF) when compared against optimal
medical therapy alone.8%-82 Nearly all of the existing clinical trials have excluded patients
with advanced CKD or ESRD.8%-86 Existing post-hoc analyses of clinical trials have
suggested no survival benefit with ICD implantation in patients with mild to moderate
CKD.87:88 |n an observational study of 108 patients with eGFR<30 ml/min/1.73 m2 who
received a primary prevention ICD matched to patients without ICD, prophylactic ICD
implantation did not confer a survival advantage.8 Previous observational studies of dialysis
patients have suggested that ESRD patients may be “too sick” to benefit from primary
prevention ICD placement due to high competing risks of death%%:91 and post-1ICD
complications.90:92.93 While these observational data have extended our knowledge, residual
confounding remains an issue with the interpretation of these data. Further clinical trials are
needed to test whether ICD implantation improves outcomes in patients with advanced CKD
and incident ESRD.

Timing of dialysis initiation

Given the high burden of CVD at the time of dialysis initiation, it is plausible that earlier
dialysis initiation, which may lead to better volume control, blood pressure and solute
clearance, may reduce the risk of CVD. The IDEAL trial tested this hypothesis. The IDEAL
trial randomized 828 patients based on eGFR to start dialysis therapy early (eGFR 10-14
ml/min/1.73 m2) vs. late (eGFR 5-7 ml/min/1.73 m2). The primary outcome was all-cause
mortality. Secondary outcomes included CVD events (CVD death, nonfatal MI, nonfatal
stroke, transient ischemic attach or new-onset angina). The median time from randomization
to initiation of dialysis was 1.8 months (95% ClI: 1.60, 2.23) in the early start group
compared with 7.40 (95% CI: 6.23, 8.27) in the late start group. There was no difference in
survival between the early and late start groups (HR for death in the early start group 1.04,
95% CI: 0.83, 1.30, p=0.75). There was also no difference in CVD events between the early
and late start groups (HR 1.23, 95% CI: 0.97, 1.56), p=0.09).%

Dialysis modality

A key decision during the transition from CKD to ESRD is choice of dialysis modality.
Clearly, numerous considerations go into making this important decision. Studies have
examined whether dialysis modality is associated with CVD after dialysis initiation. In one
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observational study of over 3000 incident HD and PD patients, there was no difference in
risk of incident CVD between patients who initiated PD vs. HD (RR 1.06, 95% CI: 0.79,
1.43).95 Other studies have reported differing findings. In a retrospective study of 2,000
patients in the USRDS DMMS Wave 2 study, HD (vs. PD) was associated with greater rates
of both de novo and recurrent HF.96 Similar results were reported in an analysis of 24,587
incident dialysis patients in Australia and New Zealand.®” Overall 21% died from CVD
causes. The incidence rates of CVD events were higher in PD vs. HD patients (9.99 and 7.96
per 100 patient years, respectively). After 1 year of treatment, PD was significantly
associated with increased rates of CVD death (IRR 1.25, 95% Cl: 1.12, 1.32).97 In a study of
over 6516 propensity score matched incident HD and PD patients without preexisting CVD
in Taiwan, no difference was observed in the overall risk of de novo coronary disease
between HD and PD groups (HD vs. PD, adjusted HR 1.03, 95% CI: 0.86, 1.22).%8 However
HD was associated with higher risk of de novo HF (adjusted HR 1.29, 95% CI: 1.13, 1.47),
particularly in the first year of dialysis.%

Baseline presence of CVD may also affect the association of dialysis modality with survival.
A study of 107,922 incident dialysis patients in USRDS from 1995-1997 examined the
association of PD vs. HD on 2-year survival among patients with and without prevalent
coronary disease. In patients with and without diabetes, patients with coronary disease
treated with PD had poorer survival compared with HD. Among diabetics, patients with
coronary disease treated with PD had 23% higher relative risk of mortality (95% CI: 1.12,
1.34) compared with HD patients. Among non-diabetics, patients with coronary disease
treated with PD had 20% higher relative risk of mortality (95% CI: 1.10, 1.32) compared
with those on HD. Patients without CAD had similar survival on HD or PD.%9

Collectively the current body of observational data suggests that PD may be associated with
better CVD outcomes compared with HD, except in certain subgroups, such as those with
pre-existing CVD. However further clinical trials would be helpful to confirm these findings
given the likely residual confounding in the selection of PD vs. HD patients.

Mineral metabolism

Disorders of mineral metabolism, which include calcium, phosphorus, vitamin D,
parathyroid hormone (PTH) and fibroblast growth factor (FGF)-23,100-102 gre common in
CKD and ESRD, are linked with CVD and are potentially modifiable.103-108 Mineral
metabolism abnormalities accelerate with progression of CKD. Few studies have focused
mineral metabolism and associations with CVD in patients with late CKD or incident CKD.
The HOST study was a multi-center, prospective RCT examining the effects of folate,
vitamin B6 and vitamin B12 replacement on all-cause mortality and atherosclerotic CVD
events in patients with advanced CKD (not on dialysis) with elevated plasma total
homocysteine concentrations.1%® Among these participants with advanced CKD (mean
eGFR 18 ml/min/1.73 m2), over a median follow-up of 2.9 years, 41% of participants died
from any cause, 20% had an atherosclerotic CVD event and 56% initiated dialysis. The top
quartiles of FGF23 were significantly associated with greater risk of all-cause mortality and
atherosclerotic CVD events.199 Similarly in the same study population, lower 1, 25-
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dihydroxyvitamin D was associated with greater risk of all-cause mortality, while there was
not association of 25-hydroxyvitamin D with outcomes.110

Several trials have tested therapies to treat mineral metabolism disorders to improve
outcomes in patients with CKD and ESRD.

In a meta-analysis of 11 randomized trials of calcium-based versus calcium-free phosphate
binders in patients with CKD found that patients randomized to calcium-free phosphate
binders had 22% reduction in all-cause mortality compared to those assigned to calcium-
based binders.111 In a similar meta-analysis of 14 trials in dialysis patients, patients assigned
to calcium-free binders (sevelamer) had significantly higher phosphate levels but lower
serum calcium levels compared to patients assigned to calcium-based binders. In the 5 trials
that examined all-cause mortality as an outcome, there was no difference among patients
assigned to either calcium-based or calcium-free binders.112

A recent trial of HD patients randomized patients to 6 months of ergocalciferol treatment.
After 6 months of therapy, there was no change in serum calcium, phosphorus, intact
parathyroid hormone, or C-reactive protein levels, cinacalcet use, or phosphate binder or
calcitriol dose in either study arm. Rates of all-cause, cardiovascular, and infection-related
hospitalizations did not differ by study arm, although statistical power was limited for these
outcomes.113 The Paricalcitol Capsule Benefits in Renal Failure-Induced Cardiac Morbidity
(PRIMO) trial randomized 227 patients with CKD and LVH to receive oral paricalcitol vs.
placebo. After 48 weeks, change in LVMI did not differ between the treatment groups.
Doppler measures of diastolic function including peak early diastolic lateral mitral annular
tissue velocity also did not differ.114

The Evaluation of Cinacalcet Hydrochloride Therapy to Lower Cardiovascular Events
(EVOLVE) trial tested the hypothesis that treatment with cinacalcet would reduce the risks
of death and nonfatal cardiovascular events among 3883 patients with secondary
hyperparathyroidism who were undergoing dialysis.}15 The trial found that cinacalcet did
not reduce the risk of death or major CVD events.11°

Therapies to target FGF-23 are currently under development!16.117 and will hopefully lead
to clinical trials in humans in the future.

Overall, the recent trials of mineral metabolism therapies have been largely negative in
patients with CKD and ESRD. No trials have been conducted to study use of these therapies
during the transition from CKD to ESRD.

Evolution of cardiovascular disease from CKD through kidney

transplantation

Although dialysis remains the most common form of renal replacement therapy, the number
of patients with kidney transplants continues to grow. CVD remains the leading cause of
death among kidney transplant recipients. The 5- year survival of adult kidney transplant
recipients (KTR) is 70%, with death from cardiovascular causes accounting for 30% of
deaths, infectious causes accounting for 21% and malignancies for 9%.8 Risk factors for
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CVD among kidney transplant recipients are similar to those with the CKD population with
the added effects of immunosuppressive agents, which are also linked to CVD risk factors
such as hypertension and lipid abnormalities.

Few studies have examined the evolution of CVD from CKD through kidney transplant and
have yielded differing results.118-123 |n a study of 50 patients with CKD and ESRD, those
who underwent kidney transplant did not have regression of LVMI as measured by cardiac
MRI compared to those who remained on the waiting list.124 In a study of 232 patients, post-
transplant echocardiograms showed improvement in ejection fraction, diastolic dysfunction
and LVMI compared with pre-transplant echocardiograms.125 A study of 433 patients found
that left ventricular contractility normalized, left ventricular hypertrophy regressed and left
ventricular dilation improved after kidney transplant.11® Another study also showed
improvement in left ventricular structure and function after kidney transplant and reported
that improved ambulatory systolic blood pressure was one of the strongest predictors for this
improvement.118

In addition to echocardiogram parameters, some studies have evaluated the evolution of
other subclinical CVD measures from CKD to transplant. In a study of patients from Korea
with ESRD, measures of arterial stiffness by PWV were compared pre and post kidney
transplant. Investigators found that mean PWV decreased/improved after kidney
transplantation (1418 vs. 1517 cm/s, p<0.05).126 In a study of 31 patients who underwent
kidney transplantation, mean CAC Agatston scores significantly decreased from pre-
transplantation to 6 months post transplant and correlated with a decrease in PTH and Ca x
P product.127

Overall, the current body of literature suggests a possible improvement in subclinical CVD
measures after kidney transplant. Further studies are needed to elucidate mechanisms and
therapies to reduce risk of post-transplant CVD events and death.

Conclusions

The transition from CKD through ESRD is a physiologically complicated, important yet
understudied period associated with overall progression and heightened risk of subclinical
and clinical CVD. Much of the data on CVD risk is extrapolated from cross-sectional studies
conducted in CKD and ESRD populations, study designs that are susceptible to survivor
bias, rather than longitudinal studies of patients with CKD who progress to ESRD.
Unfortunately, most of the clinical trials to mitigate CVD risk have been largely negative in
patients with kidney disease. Thus, future directions should include further studies to more
comprehensively characterize the evolution and risk factors of CVD as well as test therapies
to improve CVD risk specifically during the transition from CKD to ESRD.
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Figure 1.
Causes of death in ESRD patients (source: USRDS)
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(Left) Cause-specific mortality rates and 95% confidence intervals for the <120-and 121- to

365-d periods. (Right) Percentage of all deaths during the <120 and 121- to 365-d periods

that occur subsequent to withdrawal. (Bradbury et al. CJASN 2007;2:89-99)
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Cumulative probability of cardiovascular comorbidity during the transition to ESRD (data

from USRDS)
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Figure 4.
Primary echocardiography end points by randomly assigned group at baseline and 12

months in the IDEAL trial. Abbreviations: Cl, confidence interval; diff, difference; LA, left
atrium; LV, left ventricle. (Whalley et al, AJKD 2013)
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