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Abstract
Chronic kidney disease (CKD) is common and associated with increased mortality in heart failure
(HF). However, it is unknown whether the effect of CKD on mortality varies by left ventricular
ejection fraction (LVEF). We evaluated the effect of CKD on mortality in systolic (LVEF ≤45%)
and diastolic (LVEF >45%) HF patients. Of the 7788 patients in the Digitalis Investigation Group
trial, 3527 (45%) had CKD (estimated glomerular filtration rate <60 ml/min/1.73m2). We calculated
propensity score for CKD for each patient, using a multivariable logistic regression model (c
statistic=0.76; post-match absolute standardized differences <5% for all 32 covariates). We matched
2399 pairs of patients with and without CKD with similar propensity scores. There were 757 (rate,
1,049/10,000 person-year) and 882 (rate, 1,282/10,000 person-year) deaths respectively in patients
without and with CKD (hazard ratio=1.22, 95% confidence interval {CI}=1.09–1.36; p<0.0001).
CKD-associated mortality was higher in diastolic HF (371 extra deaths/10,000 person-year; hazard
ratio=1.71; 95% CI=1.21–2.41; p=0.002) than in systolic HF (214 extra deaths/10,000 person-year;
hazard ratios =1.19; 95% CI =1.07–1.32; p=0.001), which was significant (adjusted p for
interaction=0.034). There was a graded association between CKD-related deaths and LVEF. Hazard
ratios (95% CI) for CKD-associated mortality for LVEF subgroups <35%, 35–55% and >55% were
respectively 1.15 (1.02–1.29), 1.35 (1.11–1.64), and 2.33 (1.34–4.06). In conclusion, CKD-
associated mortality was higher in diastolic than in systolic HF. Diastolic HF patients should be
evaluated for CKD and the role of inhibitors of the renin-angiotensin system in these patients needs
to be investigated.
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Chronic kidney disease (CKD) is common in heart failure (HF) and is associated with increased
mortality in systolic HF or clinical HF with low left ventricular ejection fraction (LVEF).1–
3 However, little is know about the effect of CKD in diastolic HF, or clinical HF with normal
or near normal LVEF. In particular, it is unknown if the effect of CKD on mortality in HF
varies by LVEF. HF patients with CKD often have higher burden of comorbidity, which in
part explains their poor prognosis.1–3 To address this concern, we used propensity score
methods to assemble a cohort of HF patients with and without CKD who were well-balanced
in all measured baseline characteristics except for the presence of CKD.4–8 The objectives of
our study were to determine whether the effect of CKD on HF outcomes would persist using
propensity score methods, and to determine whether the effect of CKD on HF mortality varied
by baseline ejection fraction.

Methods
This is a post-hoc propensity score analysis of the Digoxin Investigation Group (DIG) trial,
which was conducted during 1991–1993 in the US and Canada. Detailed description of the
rationale, design, and results of the DIG trial has been published previously.9 Of the 7788
ambulatory chronic HF patients in normal sinus rhythm, 6800 had systolic HF (LVEF<=45%)
and 988 had diastolic HF (LVEF>45%). Patients with serum creatinine >2.5 mg/dL were
excluded. Most patients were receiving diuretics (78%) and ACE inhibitors (93%). Data on
beta-blockers were not collected. Data on baseline serum creatinine and LVEF were obtained
for all 7788 participants. We estimated baseline glomerular filtration rate (GFR) using the
Modification of Diet in Renal Disease (MDRD) formula,10 and defined CKD as calculated
glomerular filtration rate(GFR) <60 ml/1.73 m2 body surface area.11 Recent (≤6 months)
LVEF was acceptable if the patient’s clinical condition remained stable.12 When more than
one technique was used to measure LVEF, angiographic or radionuclide techniques were
preferred to echocardiogram. The primary outcome of this study was all-cause mortality during
a median follow up of 38 months. Vital status was collected up to December 31, 1995 and was
ascertained for 99% of the patients.13 We focus our current analysis to a subset of a pair of
2399 propensity-matched pairs of patients with or without CKD at baseline.

Because HF patients with CKD were older and sicker (Table 1), propensity scores were used
to reduce imbalance in baseline covariates between patients with and without CKD. The
propensity score is the conditional probability of having an exposure (e.g. CKD) given a vector
of measured covariates.4–8 We calculated the propensity score for CKD for each patient using
a non-parsimonious multivariable logistic regression model (c statistic = 0.76), in which CKD
(present or absent) was the outcome variable and all measured baseline patient characteristics
listed in Table 1 were independent variables. We then used these derived propensity scores to
match 2399 (68%) CKD patients with 2399 patients without CKD who had the similar
propensity scores.14 The effectiveness of bias reduction after matching was assessed by
standardized differences, expressed as a percentage of the pooled standard deviations.6,7,15
We supplemented these pre- and post-match selection bias assessments with Chi-square and
student’s t-test or Wilcoxon rank-sum test as appropriate for categorical and continuous
variables (Table 1).

Initially, we estimated the effect of CKD on mortality in propensity-matched patients using
matched Cox regression analyses. Then, to test for potential interactions between CKD and
diastolic HF, we calculated absolute risk differences and then formally tested for interactions
using Mantel–Haenszel tests of homogeneity.16 To account for duration of follow up, we
calculated rates of death per 10,000 person-years of follow up. In addition, we also tested for
first-order interactions between CKD and diastolic HF in bivariate and multivariable Cox
proportional hazards models, in which CKD, diastolic HF and their interactions were entered
as covariates.. Because of a significant interaction between CKD and diastolic HF, we
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performed separate Cox regression analyses in patients with systolic and diastolic HF. Kaplan-
Meier survival analyses and log-rank tests were used to compare cumulative mortality in
patients with (1) systolic HF-no CKD, (2) systolic HF-CKD, (3) diastolic HF-no CKD, and
(4) diastolic HF-CKD.

To determine if there was a graded relationship with LVEF and CKD related mortality, we
categorized patients by LVEF <35%, 35–55% and >55%.17 We combined LVEF 35–45% and
46–55% into one group, as these subgroups have been shown to be prognostically similar.18
Finally, we tested for interaction using LVEF as a continuous variable.

To determine if the effects of CKD-related mortality also varied in subgroups, we performed
subgroup analyses by age, sex, race, HF etiology, NYHA functional class, presence of diabetes,
treatment with ACE inhibitors, diuretics, and digoxin, adjusting for propensity scores. In
addition, we also tested for first-order interaction between CKD and each of these covariates,
in all patients, adjusting for all covariates16. All statistical tests were evaluated using a two-
tailed 95% confidence level. All data analyses were performed using SPSS for Windows
version 14 (SPSS Inc. Chicago, IL).

Results
Before matching, 45% of patients had CKD. The prevalence of CKD among systolic and
diastolic HF patients were respectively 49% and 45% (p=0.01). After matching, CKD and no-
CKD patients were similar in all 32 baseline covariates (Table 1 and Figure 1). Before
matching, mean propensity score was significantly higher for patients with CKD (0.56) than
those without CKD (0.37), with a standardized difference of 98% in linear propensity score.
After matching, mean propensity scores for patients with and without CKD were 0.48, with a
standardized difference of 0.1% in linear propensity score. Absolute standardized differences
for all measured covariates were reduced to <5% in the post-match cohort, suggesting
significant bias reduction (Figure 1).

During a median 38 months of follow up, 1639 (34%) patients died from all causes. The Kaplan
Meier plots for all-cause mortality for systolic and diastolic HF by CKD are displayed in Figure
2. CKD was associated with increased mortality in both systolic and diastolic HF (Table 2).
However, CKD-related mortality was higher in those with diastolic HF. Mortality due to all
causes occurred in 757 patients without CKD during 7,216 years of follow up (1,049/10,000
person years) and 882 patients with CKD during 6,877 years (1,282/10,000 person years) of
follow up (hazard ratio=1.22, 95% confidence interval=1.09–1.36; p<0.0001; Table 2).

In systolic HF, 705 (1,130/10,000 person-year) and 795 (1,344/10,000 person-year) patients
respectively without and with CKD died (hazard ratio=1.19, 95% confidence interval=1.07–
1.32; p=0.001; Table 2). In diastolic HF, in contrast, 52 (532/10,000 person-year) and 87
(903/10,000 person-year) patients respectively without and with CKD died (hazard ratio=1.71,
95% confidence interval=1.21–2.41; p=0.002; Table 2). These difference in CKD-related death
in systolic and diastolic HF were significant (adjusted p for interaction=0. 034).

There was a graded increase in the risk of CKD-related mortality among HF patients with
LVEF <35%, 35–55% and >55% (Table 2). When LVEF was used as a continuous variable,
there was a significant increase in CKD-related death with increase in LVEF (adjusted p for
interaction =0.004). When we repeated our analysis in the full (pre-match) cohort of 7788
patients, we noted similar results. The associations of CKD with all-cause mortality in various
subgroups of patients are displayed in Figure 3. There were no significant interactions between
CKD and any of these covariates (except LVEF).
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Discussion
There are 2 key findings of the current study: first, in a propensity score matched cohort of
ambulatory chronic HF patients receiving diuretics and ACE inhibitors, presence of CKD was
associated with increased risk of all-cause mortality, and second, CKD-associated mortality
was worse in diastolic HF patients than in those with systolic HF. CKD is common in HF and
is associated with increased mortality. However, our finding that CKD-associated mortality is
higher in diastolic HF is new. This is important because as the US population ages, the
prevalence of diastolic HF is likely to increase in the coming decades.

Increased CKD-related mortality is unlikely to be explained by differences in baseline
covariates between patients with and without CKD as after matching, all measured covariates,
including age, HF etiology, NYHA class, LVEF, and medication use, were well balanced with
absolute standardized differences at <5% (Figure 1). Our finding of increased all-cause
mortality associated with CKD in a wide spectrum of HF patients is consistent with data
published by other investigators.1–3 However, in those studies, there were significant
imbalances among baseline covariates between patients with and without CKD (similar to our
pre-match cohort, Table 1), raising the possibility of residual bias despite multivariable
regression-based risk adjustment. However, in the current analysis, we confirm that the effect
of CKD on mortality in HF persist even when HF patients with and without CKD are matched
by propensity scores for CKD.

HF and CKD share a number of etiological factors including diabetes and hypertension. The
high prevalence of CKD in HF may therefore be related to pre-existence of these common risk
factors.11 In addition, patients with HF often develop cardiorenal syndrome, which is due to
low effective glomerular filtration pressure caused by low cardiac output. It is noteworthy that
the prevalence of CKD in diastolic HF was as high as that in systolic HF. This might in part
be due to more advanced age in diastolic HF patients. Mean age of diastolic HF patients was
3 years older than those with systolic HF (p<0.0001). Among HF patients 75 years and older,
the prevalence of CKD has been reported to be higher in diastolic HF than in systolic HF.19
However, mechanisms of worsening kidney function in diastolic HF are less well understood.

An intriguing finding of the current analysis is that CKD-associated mortality was higher in
diastolic HF than in systolic HF. In addition, there was a graded-response relation, with higher
CKD-related mortality occurring with increasing LVEF. It is possible that CKD in systolic HF
was not truly intrinsic kidney disease, but was due to reversible reduction in GFR associated
with use of ACE inhibitors. However, in our matched analysis, 93% patients in each group
were receiving ACE inhibitors. It is also possible that CKD in more elderly diastolic HF patients
was intrinsic in nature and was also in more advanced stages. Advanced CKD is associated
with vascular calcification, anemia and hypovitaminosis D, all of which are associated with
increased risk of death. Another explanation might be that the prognosis in systolic HF was
worse than that in diastolic HF and thus relatively less affected by CKD. There is emerging
evidence that use of ACE inhibitors is associated with reduced mortality in systolic HF patients
with CKD.2,20,21 However, little is known about the effects of ACEI inhibitors or angiotensin
receptor blockers in diastolic HF patients with CKD. The effect of these drugs in diastolic HF
patients with CKD needs to be determined in a randomized clinical trial, or a well-designed
prospective follow up study.

Our study has several potential limitations. The results might be affected by unmeasured or
hidden covariates, or by incomplete or inexact matching. To address concerns about loss of
data due to incomplete matching, we analyzed data from all 7788 patients, using both direct
regression adjustment for propensity score, and stratification based on quintiles of propensity
scores, and found similar results. The DIG trial enrolled predominantly white, male, and
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relatively younger HF patients with normal sinus rhythm and mild to moderate CKD. We
defined CKD using GFR estimated by the MDRD formula, which might have underestimated
GFR in HF patients without CKD and may have misclassified CKD patients as having no CKD.
22 The rate of use of beta-blocker was probably low among DIG participants as beta-blockers
were not yet approved for use in systolic HF. However, the relative infrequency of beta-blocker
use in the era of the DIG trial should not affect the association of CKD with mortality as beta-
blockers are equally efficacious in HF patients with or without CKD. So, the greater use of
beta-blockers would have lowered the overall mortality rate in our study, but should not have
affected the associations of CKD with mortality in patients with systolic and diastolic HF. This
would only have biased our findings if beta-blockers were more beneficial in HF patients with
CKD than without CKD. However, there is no evidence to suggest this interaction.

In conclusion, CKD was associated with increased mortality in HF and CKD-associated
mortality was higher in diastolic than in systolic HF. Diastolic HF patients should be evaluated
for CKD and the role of inhibitors of renin-angiotensin system in these patients needs to be
investigated.
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Figure 1.
Absolute standardized differences in baseline covariates between patients with and without
chronic kidney disease, before and after propensity score matching (post-match standardized
difference <5% indicate excellent covariate balance).
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Figure 2.
Kaplan-Meier plots for cumulative risk of all-cause death associated with chronic kidney
disease (CKD) (SHF=systolic heart failure or heart failure with ejection fraction ≤ 45% and
DHF=diastolic heart failure or heart failure with ejection fraction >45%)
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Figure 3.
Hazard ratios and 95% confidence intervals for mortality associated with chronic kidney
disease (CKD) in subgroups of patients with heart failure (ACEI=angiotensin-converting
enzyme inhibitor, DM=diabetes, EF=ejection fraction, NYHA=New York Heart Association)
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