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Abstract
Background. Chronic kidney disease (CKD) is associated
with increased mortality in patients with heart failure (HF).
However, its association with hospitalization in HF patients
has not been well studied.
Methods. Of 7788 patients in the Digitalis Investigation
Group trial, 3527 had CKD, defined by an estimated
glomerular filtration rate (GFR) <60 ml/min/1.73 m2 body
surface area (BSA). Propensity scores for CKD were cal-
culated using a multivariable logistic regression model and
used to match 2399 pairs of patients with and without CKD.
Matched Cox regression analyses were used to estimate as-
sociation of CKD with outcomes.
Results. All-cause hospitalization occurred in 1636 (rate,
4233/10 000 person-years) and 1587 (rate, 3733/10 000
person-years) patients respectively, with and without CKD
(matched hazard ratio [HR] for CKD, 1.18, 95% confidence
interval [CI], 1.08–1.29; P < 0.0001). Matched HR for car-
diovascular and HF hospitalization were respectively 1.17
(95% CI, 1.06–1.28, P = 0.002) and 1.28 (95% CI, 1.13–
1.45, P < 0.0001). Compared to GFR ≥60 ml/min/1.73 m2

BSA, HR for all-cause hospitalization for GFR 45–59 and
<45 ml/min/1.73 m2 BSA were respectively 1.04 (95% CI,
0.94–1.16; P = 0.422) and 1.58 (95% CI, 1.34–1.87; P <
0.0001). Similarly, HR for all-cause death for GFR 45–59
and <45 ml/min/1.73 m2 BSA were respectively 1.03 (95%
CI, 0.90–1.18; P = 0.651) and 1.70 (95% CI, 1.40–2.07;
P < 0.0001). Matched HR for death due to cardiovascular
causes and progressive HF were respectively 1.24 (95% CI,
1.09–1.40; P = 0.001) and 1.42 (95% CI, 1.16–1.72;
P = 0.001).
Conclusion. CKD was associated with increased mortal-
ity and hospitalization in ambulatory patients with chronic
HF, which increased progressively with worsening kidney
function.
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Introduction

Heart failure (HF) is common and associated with increased
mortality and hospitalization [1]. It is also the leading cause
of hospitalization for the population 65 years and older.
Chronic kidney disease (CKD), defined as an estimated
glomerular filtration rate (GFR) <60 ml/min/1.73 m2 body
surface area (BSA), is also common [2]. CKD is associ-
ated with increased mortality in patients with HF [3–7]. We
have recently demonstrated that in a propensity-matched
cohort of chronic HF patients, CKD was associated with
increased all-cause mortality and that CKD-associated all-
cause mortality was higher in diastolic than in systolic HF
[4]. However, the effects of CKD on cause-specific mortal-
ity and hospitalization were not reported. The purpose of
this propensity-matched study was to determine the asso-
ciation of CKD with all-cause and cause-specific hospital-
ization and cause-specific mortality in ambulatory patients
with chronic HF.

Methods

Study design

We conducted a secondary analysis of the Digoxin Inves-
tigation Group (DIG) trial data. DIG was a randomized
clinical trial to determine the effect of digoxin in HF [8].
Patients were recruited from 302 clinical centres in the
United States (N = 186) and Canada (N = 116) over 31.5
months during 1991–1993. Detailed description of the de-
sign, patient characteristics and results of the DIG trial has
been published previously [8].

Patients

DIG enrolled 7788 ambulatory chronic HF patients in nor-
mal sinus rhythm, of whom 6800 had an ejection fraction
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Table 1. Baseline patient characteristics, before and after propensity score matching

Before matching After matching

No CKD, randoma P-value CKD, matched P-value No CKD, matched
(N = 2399) (N = 2399) (N = 2399)

Mean (±SD)
Age (years) 59.9 (±11.0) <0.0001 65.4 (±8.8) 0.776 65.4 (±8.9)
Ejection fraction (%) 31.5 (±12.0) 0.140 32.0 (±12.7) 0.789 31.9 (±12.5)
Systolic blood pressure

(mmHg)
126 (±19) <0.0001 128 (±21) 0.905 128 (±20)

Body mass index (kg/m2) 27.6 (±5.5) 0.011 27.2 (±5.2) 0.801 27.2 (±5.2)
Serum potassium (mEq/l) 4.32 (±0.42) 0.031 4.35 (±0.45) 0.871 4.35 (±0.40)
Median duration of HF

(months)
29 (±36) 0.164 31 (±37) 0.971 31 (±39)

N (%)
Female sex 456 (19%) <0.0001 564 (24%) 0.760 574 (24%)
Non-white race 473 (20%) <0.0001 280 (12%) 0.451 297 (12%)
Ischaemic aetiology for HF 1580 (66%) <0.0001 1699 (71%) 0.726 1710 (71%)
NYHA functional classes

III–IV
648 (27%) <0.0001 770 (32%) 0.598 753 (31%)

Prior myocardial infarction 1469 (61%) 0.012 1553 (65%) 0.525 1574 (66%)
Hypertension 1045 (44%) 0.014 1130 (47%) 0.795 1140 (48%)
Diabetes mellitus 626 (26%) 0.022 697 (29%) 0.849 703 (29%)
Digoxin (pre-trial use) 1026 (43%) 0.861 1032 (43%) 0.397 1002 (42%)
Digoxin (trial use) 1183 (49.3%) 0.544 1204 (50.2%) 0.624 1186 (49.4%)
ACE inhibitors 2258 (94%) 0.369 2243 (94%) 0.685 2235 (93%)
Non-potassium-sparing

diuretics
1748 (73%) <0.0001 1902 (79%) 0.915 1906 (79%)

Potassium-sparing diuretics 152 (6%) 0.070 184 (8%) 0.788 190 (8%)
Potassium supplement 615 (26%) 0.018 688 (29%) 0.873 683 (29%)
Jugular venous distension 281 (12%) 0.051 326 (14%) 0.496 310 (13%)
Pulmonary congestion by

x-ray
307 (12.8%) 0.085 348 (14.5%) >0.999 348 (14.5%)

aTo avoid inflated significance due to the larger sample size of the pre-match cohort, we identified a random sample of 2399 patients with no CKD
from the pre-match cohort of 4261 patients without CKD and merged them with 2399 matched CKD patients to assemble a pre-match cohort of 4798
patients, which is the same as that of the matched cohort.
ACE = angiotensin-converting enzyme; CKD = chronic kidney disease; HF = heart failure; NYHA = New York Heart Association.

≤45%. Patients with serum creatinine >2.5 mg/dl were ex-
cluded from the DIG trial. Most patients were receiving
diuretics (78%) and ACE inhibitors (93%). Beta-blockers
were not approved for HF at that time and data on beta-
blockers were not collected. HF was diagnosed by symp-
toms, signs or radiographic evidence of HF. Baseline data on
ejection fraction were obtained from all 7788 participants.
Our primary analysis in this study comprised a subset of
4798 DIG patients based on a 1:1 match by the propensity
score predicting the likelihood of mild-to-moderate CKD
at baseline.

Kidney function

Data on baseline serum creatinine were collected at ran-
domization from all 7788 participants. We estimated base-
line GFR using the four-variable Modification of Diet in
Renal Disease (MDRD) formula [9] and defined CKD as
calculated GFR <60 ml/min/1.73 m2 BSA [10].

Outcomes

The primary outcome of this study was the all-cause hos-
pitalization during a median follow-up of 38 months. Vi-
tal status was collected up to 31 December 1995 and was

ascertained for 99% of the patients. Secondary outcomes
included cause-specific hospitalizations and mortalities.

Statistical analysis

We used propensity scores to reduce imbalances in baseline
covariate between patients with and without CKD displayed
in the pre-match panel of Table 1, which shows that gener-
ally, patients with CKD were older with higher comorbidity
and sickness burden. The propensity score for CKD may be
defined as the conditional probability of having CKD given
measured baseline covariates [4,11–16]. We calculated the
propensity score for CKD for each patient using a multi-
variable logistic regression model (c statistic = 0.76), in
which CKD (present or absent) was the outcome variable
and all available baseline covariates (Table 1 and Figure 1)
were used as predictors. We then used these derived propen-
sity scores to match 2399 (68%) CKD patients with 2399
non-CKD patients who had the similar propensity scores
[4,16,17].

The effectiveness of the model to calculate propensity
scores is best assessed by post-match balance in baseline
covariates [15], which in turn is best assessed by standard-
ized differences, expressed as a percentage of the pooled
standard deviations [4,16,18]. As such, we plotted absolute
standardized differences for all baseline covariates between
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Fig. 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% indicates excellent covariate balance).

CKD and non-CKD patients before and after matching. We
supplemented these pre- and post-match selection bias as-
sessments with the chi-square test and Student’s t-test or
the Wilcoxon rank-sum test as appropriate for continuous
and categorical variables (Table 1).

Because there was no significant interaction between
CKD and ejection fraction (using a cutoff of 45%) us-
ing Mantel–Haenszel tests of homogeneity and multivari-
able Cox proportional hazards models for predicting all-
cause hospitalization, all subsequent analyses were based
on all 4798 matched patients. We used Kaplan–Meier sur-
vival analyses and matched Cox proportional hazards mod-
els to estimate the association of CKD with various out-
comes. We confirmed the assumption of proportional haz-
ards by a visual examination of the log (minus log) curves.
Formal sensitivity analyses were conducted to determine
the effect of a potential hidden confounder on our study
findings [19,20]. We then categorized patients with GFR
<60 ml/min/1.73 m2 BSA into two groups based on GFR
> or ≤ 45 ml/min/1.73 m2 BSA, created dummy variables,
and compared their associations with all-cause death and
all-cause hospitalization in reference to those with GFR
≥60 ml/min/1.73 m2 BSA.

To determine if the effects of CKD on hospitalization
varied by patients’ age, sex, race, HF aetiology, NYHA

functional class, presence of diabetes, treatment with ACE
inhibitors, diuretics and digoxin, we conducted subgroup
analyses among matched patients. At first, we compared
absolute risk differences for each of the subgroups by sub-
tracting the rates of hospitalization between patients with
and without CKD [21] and then tested for interactions in
Cox proportional hazards models entering first-order inter-
action terms between CKD and the covariates above, adjust-
ing for propensity score. All statistical tests were evaluated
using a two-tailed 95% confidence level. All data analy-
ses were performed using SPSS for Windows version 14
[22].

Results

Baseline patient characteristics

In the matched cohort, patients with (n = 2399) and with-
out (n = 2399) CKD were similar in all 32 baseline covari-
ates (Table 1). Mean propensity score for patients with and
without CKD was 0.48, with a standardized difference of
0.1% in linear after-matching propensity score. Absolute
standardized differences for all measured covariates were
reduced to <5% in the post-match cohort (Figure 1).
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Table 2. Cause-specific hospitalizations in heart failure patients with chronic kidney disease (CKD)

Cause for hospitalizationa Rate/10 000 person-years follow-up Rate difference (per Matched HR P-value
(hospitalizations/follow-up in years) 10 000 person-years)b (95% CI)c

No CKD (N = 2399) CKD (N = 2399)

All-cause 3733 (1587/4251) 4233 (1636/3865) 500 1.18 (1.08 – 1.29) <0.0001
Cardiovascular 2381 (1214/5099) 2739 (1276/4658) +359 1.17 (1.06–1.28) 0.002

Worsening heart failure 1072 (666/6212) 1330 (764/5744) +258 1.28 (1.13–1.45) <0.0001
Ventricular arrhythmia,

Cardiac arrest
159 (112/7052) 129 (87/6745) −30 0.91 (0.67–1.25) 0.574

SV arrhythmiasd 146 (103/7052) 171 (114/6671) +25 1.19 (0.88–1.60) 0.255
AV block, bradyarrhythmia 8 (6/7202) 18 (12/6850) +10 2.25 (0.69–7.31) 0.177
Suspected digoxin toxicity 33 (24/7178) 63 (43/6795) +30 1.71 (1.00–2.94) 0.050
Myocardial infarction 196 (138/7043) 205 (137/6692) +9 1.06 (0.81–1.38) 0.686
Unstable angina 465 (307/6609) 426 (272/6386) −39 0.87 (0.73–1.05) 0.147
Stroke 189 (133/7024) 145 (98/6745) −44 0.72 (0.54–0.97) 0.029
Coronary

Revscularizatione
85 (60/7093) 72 (49/6767) −12 0.96 (0.64–1.44) 0.835

Cardiac transplantation 17 (12/7191) 17 (12/6858) +1 1.38 (0.55–3.42) 0.493
Other cardiovascularf 413 (278/6728) 486 (308/6335) +73 1.15 (0.95–1.39) 0.142

Respiratory infection 261 (181/6930) 275 (182/6617) +14 1.29 (1.02–1.63) 0.037
Other non-cardiovascular 1423 (826/5805) 1582 (859/5431) +159 1.51 (1.03–1.29) 0.016
Unspecified 22 (16/7190) 20 (14/6855) −2 1.20 (0.52–2.78) 0.670
Number of hospitalizations 3730 (1587/4254) 4226 (1634/3866) +496

aData shown include the first hospitalization of each patient due to each cause.
bAbsolute rate differences were calculated by subtracting the rate of hospitalization in the non-CKD group from the rate of hospitalization in the CKD
group (before values were rounded).
cHazard ratios (HR) and confidence intervals (CI) were estimated from matched Cox proportional-hazards models that used the first hospitalization of
each patient for each reason.
dSupraventricular (SV) arrhythmias include atrioventricular (AV) block and bradyarrhythmias.
eThis category includes coronary-artery bypass grafting and percutaneous transluminal coronary angioplasty.
f This category includes embolism, venous thrombosis, peripheral vascular disease, hypertension, other vascular surgery, cardiac catheterization and
other types of catheterization, pacemaker implantation, installation of automatic implantable cardiac defibrillator, electrophysiologic testing, transplant-
related evaluation, nonspecific chest pain, atherosclerotic heart disease, hypotension, orthostatic hypotension and valve operation.

CKD and hospitalization

All-cause hospitalization occurred in 1587 (rate,
3733/10 000 person-years) patients without CKD and in
1636 (rate, 4233/10 000 person-years) patients with CKD,
respectively, during 4251 and 3865 person-years of follow-
up [hazard ratio (HR), 1.18, 95% confidence interval (CI),
1.08–1.29; P <0.0001; Table 2]. Kaplan–Meier plots for
all-cause hospitalization by CKD are displayed in Figure
2a. Results of our sensitivity analysis suggest that an un-
measured binary covariate could potentially explain this
finding if it would increase the odds of CKD by 8.1% (two-
tailed P = 0.0002), and also be a near-perfect predictor of
all-cause hospitalization and not be strongly correlated with
any of the covariates displayed in Figure 1.

Of the 2399 patients with GFR ≤60 ml/min/1.73 m2

BSA, 1697 had GFR 45–59 ml/min/1.73 m2 BSA and 702
had GFR ≤45 ml/min/1.73 m2 BSA. All-cause hospital-
ization occurred in 66%, 66% and 75% of patients, re-
spectively, with GFR ≥60, 45–59 and ≤45 ml/min/1.73
m2 BSA. When compared with GFR ≥60 ml/min/1.73 m2

BSA, GFR ≤45 ml/min/1.73 m2 BSA was associated with a
higher risk of all-cause hospitalization (HR, 1.58; 95% CI,
1.34–1.87; P < 0.0001), but GFR 45–59 ml/min/1.73 m2

BSA was not (HR, 1.04; 95% CI, 0.94–1.59; P = 0.422).
When we used the National Kidney Foundation criteria

for CKD staging, all-cause hospitalization occurred in 68%
and 73% of patients, respectively, with GFR 30–59 (n =
2284) and ≤30 (n = 115) ml/min/1.73 m2 BSA with re-

spective HR of 1.16 (95% CI, 1.06–1.27; P = 0.002) and
1.77 (95% CI, 1.16–2.69; P = 0.008).

Cardiovascular hospitalization occurred in 1214 patients
without CKD (rate, 2381/10 000 person-years) and 1276
patients with CKD (rate, 2739/10 000 person-years), re-
spectively, during 5099 and 4658 person-years of follow-
up (HR, 1.17, 95% CI, 1.06–1.28; P = 0.002; Table 2).
Kaplan–Meier plots for cardiovascular hospitalization by
CKD are displayed in Figure 2b.

Hospitalization due to worsening HF occurred in 666
patients without CKD (rate, 1072/10 000 person-years) and
764 patients with CKD (rate, 1330/10 000 person-years),
respectively, during 6212 and 5744 person-years of follow-
up (HR, 1.28, 95% CI, 1.13–1.45; P <0.0001). Kaplan–
Meier plots for HF hospitalization by CKD are displayed in
Figure 2c. Associations of CKD with other cause-specific
hospitalizations are displayed in Table 2.

CKD and cause-specific mortality

As presented in our companion paper, CKD was associ-
ated with increased all-cause mortality (HR, 1.22, 95% CI,
1.09–1.36; P <0.0001; Table 3) [4]. The CKD-associated
risk of death increased progressively with a decrease
in GFR. All-cause mortality occurred in 32%, 32%
and 48% of patients with GFR ≥60, 45–59 and ≤45
ml/min/1.73 m2 BSA, respectively. When compared with
GFR ≥60 ml/min/1.73 m2 BSA, GFR ≤45 ml/min/1.73 m2
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Fig. 2. Kaplan–Meier plots for cumulative hazard for hospitalization due
to (a) all causes, (b) cardiovascular causes and (c) worsening heart failure.

BSA was associated with increased all-cause mortality
(HR, 1.70; 95% CI, 1.40–2.07; P ≤ 0.0001), but GFR
45–59 ml/min/1.73 m2 BSA was not (HR, 1.03; 95% CI,
0.90–1.18; P = 0.651).

Using the National Kidney Foundation criteria for CKD
staging, all-cause death occurred in 36% and 59% of pa-
tients, respectively, with GFR 30–59 and ≤30 ml/min/
1.73 m2 BSA with respective HR 1.19 (95% CI, 1.06–1.33;
P = 0.003) and 1.89 (95% CI, 1.17–3.03; P = 0.009).

Cardiovascular mortality occurred in 584 patients with-
out CKD (rate, 809/10 000 person-years) and 695 patients
with CKD (rate, 1011/10 000 person-years), respectively,
during 7216 and 6877 person-years of follow-up (HR, 1.24,

95% CI, 1.09–1.40; P = 0.001; Table 3). Results of our sen-
sitivity analysis suggest that an unmeasured binary covari-
ate could potentially explain this finding if it would increase
the odds of CKD by 17.0% (two-tailed P = 0.00004), and
also be a near-perfect predictor of cardiovascular mortality
and not be strongly correlated with any of the covariates
displayed in Figure 1. Mortality due to progressive HF
occurred in 241 patients without CKD (rate, 334/10 000
person-years) and 311 patients with CKD (rate, 452/10 000
person-years; HR, 1.42, 95% CI, 1.16–1.72; P = 0.001).

Subgroup analyses

The association of CKD and all-cause hospitalization was
observed in a wide spectrum of HF patients including sys-
tolic and diastolic HF (Figure 3). There were no signifi-
cant interactions between CKD and any of the subgroups
studied.

Discussion

The findings from the current study demonstrate that
CKD was associated with increased hospitalization due to
all causes, cardiovascular causes and worsening HF. The
risk for hospitalization and mortality increased as GFR
decreased, becoming significant with a GFR <45 ml/min/
1.73 m2 BSA. These findings are important as HF is the
leading cause of hospitalization for populations 65 years
and older, and, with the ageing of the population, the
prevalence of HF is projected to double in the coming
decades. Additionally, these data and our recently published
companion paper [4] support the intrinsic prognostic value
of CKD in HF and highlight the fact that CKD-associated
poor outcomes are not due to its expected association
with traditional risk factors that were well balanced in our
matched cohort.

CKD and HF share many of the risk factors and
pathogenic pathways including hypertension, diabetes and
the activation of the renin–angiotensin–aldosterone system.
It is possible that the presence of CKD indicates an in-
creased burden of disease severity in patients with HF. How-
ever, the propensity matching was able to achieve excellent
balance in baseline covariates between patients with and
without CKD. Thus, the increased hospitalization cannot
be explained by any of the measured covariates, including
age, ischaemic heart disease, diabetes, NYHA class, ejec-
tion fraction or receipt of medications, all of which had
been well balanced with post-match absolute standardized
differences at <5% (Table 1 and Figure 1).

Increased CKD-related mortality and hospitalizations
were primarily due to cardiovascular causes and in par-
ticular, due to worsening HF. Abnormalities in extracel-
lular fluid volume mediated by the renin–angiotensin–
aldosterone system activation and nitric oxide and reactive
oxygen species have been implicated in the development
and propagation of this syndrome [23,24], and the cardio-
renal syndrome may be responsible for progressive disease
and worsening failure in both organ systems.

The effect of CKD was more pronounced with
worsening GFR. We note that CKD was significantly
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Table 3. Cause-specific mortalities in heart failure patients with chronic kidney disease (CKD)

Cause for mortality Rate/10 000 person-years follow-up Rate difference (per Matched HR P-value
(mortality/follow-up in years) 10 000 person-years)a (95% CI)b

No CKD (N = 2399) CKD (N = 2399)

All-causec 1049 (757/7216) 1282 (882/6877) +233 1.22 (1.09–1.36) <0.0001
Cardiovascular 809 (584/7216) 1011 (695/6877) +202 1.24 (1.09–1.40) 0.001
Progressive heart

failure
334 (241/7216) 452 (311/6877) +118 1.42 (1.16–1.72) 0.001

Other cardiacd 423 (305/7216) 513 (353/6877) +90 1.20 (1.01–1.42) 0.044
Other vasculare 53 (38/7216) 45 (31/6877) −8 0.65 (0. 38–1.11) 0.112

Non-cardiac-non-
vascular

170 (123/7216) 211 (145/6877) +41 1.25 (0.95–1.66) 0.117

Unknown 69 (50/7216) 61 (42/6877) −8 0.92 (0.58–1.46) 0.722

aAbsolute rate differences were calculated by subtracting the rate hospitalization in the non-CKD group from the rate of hospitalization in the CKD
group (before values were rounded).
bHazard ratios (HR) and confidence intervals (CI) were estimated from matched Cox proportional-hazards models that used the first hospitalization of
each patient for each reason.
cBased on Ahmed A et al. Am J Cardiol 2007; 99: 393–398.
dThis category includes deaths presumed to result from arrhythmia without evidence of worsening heart failure and deaths due to atherosclerotic
coronary disease, bradyarrhythmias, low-output states and cardiac surgery.
eThis category includes deaths due to stroke, embolism, peripheral vascular disease, vascular surgery and carotid endarterectomy.

associated with increased mortality and hospitalization
at both GFR cutoffs of ≤30 and ≤45 ml/min/1.73 m2

BSA but not <60 ml/min/1.73 m2 BSA. These find-
ings suggest that the National Kidney Foundation def-
inition of stage 3 CKD (GFR 30–59 ml/min/1.73 m2

BSA) may represent a heterogeneous group. Patients with
GFR 30–44 ml/min/1.73 m2 BSA were prognostically more
similar to those with GFR ≤30 ml/min/1.73 m2 BSA. On
the other hand, patients with GFR 45–59 ml/min/1.73 m2

BSA were similar to those with GFR ≥60 ml/min/1.73 m2

BSA. These findings suggest that for HF patients, a cutoff
of GFR 45 ml/min/1.73 m2 BSA may be more appropriate
for risk stratification.

One of the key differences in the current analysis from
our companion study on mortality is that CKD had an equiv-
alent effect on the risk of hospitalization for systolic and
diastolic HF. We have previously reported that CKD had a
greater mortality risk in diastolic HF than in systolic HF. It
is not clear why diastolic HF patients suffered more CKD-
related deaths but had similar CKD-related hospitalization
as systolic HF patients. One plausible explanation of this
disparity might be that CKD-related deaths in diastolic HF
patients may have been due to sudden cardiac death that
may have precluded hospital admissions. However, we had
no data on sudden cardiac death.

Other findings from our subgroup analyses are similarly
interesting and potentially hypothesis generating. Signifi-
cant CKD-associated increases in all-cause hospitalization
were only noted in subgroups of patients ≤65 years of age,
men, whites and those with NYHA classes I and II, receiv-
ing ACE inhibitors and diuretics, but not receiving digoxin.
However, because of the small sample sizes and lack of sig-
nificant interactions, these findings should be interpreted
with caution. There is no known physiological basis why
CKD would be less harmful in HF patients who are elderly,
women, non-whites or have higher NYHA class symptoms.
CKD has been shown to increase mortality in the elderly
and women [25,26] and in one study increased the risk of

incident HF among blacks [26]. The only subgroup analy-
sis that approached significant interaction (P = 0.060) in
our subgroup analyses was by the use of digoxin. CKD
did not increase the risk of hospitalization in HF patients
randomized to receive digoxin. This is not surprising given
the well-known effect of digoxin on hospitalization in HF
[8].

The lack of a significant effect of CKD in non-white
HF patients was unexpected and is most likely due to the
low representation of non-whites in the study population.
However, the strong effect of CKD on hospitalization in the
white patients echoes data from the National Heart Care
Project that demonstrated a more pronounced increase in
CKD-related mortality in elderly white patients hospital-
ized with HF than in blacks [27]. The reasons for these racial
disparities remain unclear and need further investigation.

The finding that CKD is associated with increased hospi-
talization has important implications. The presence of CKD
in the setting of HF should be routinely quantified to stratify
risk, as it will impact patients’ quality of life and the health
care system in general. Systolic HF should be treated with
neurohormonal blockade such as ACE inhibitors or ARBs
and beta-blockers. However, currently there is no evidence
of a benefit from these drugs in those with diastolic HF. Di-
uretics should be used judiciously to achieve and maintain
euvolaemia. [16] CKD is a risk factor for digoxin toxicity,
and thus digoxin should be used in lower dosages in these
patients [28]. The optimal therapy of HF and CKD remains
to be defined.

There are several potential limitations of our study. As in
any observational study, propensity score matching cannot
account for unmeasured or hidden covariates. Results of our
sensitivity analysis suggest that the findings of the current
study may be modestly sensitive to an unmeasured covari-
ate. However, for such a covariate to be a confounder, it
must be strongly correlated with both CKD and outcomes
and not strongly correlated with the covariates shown in
Table 1. Results of our study are based on predominantly



192 R. C. Campbell et al.

1.51.41.31.21.11.00.9
HR  (95% CI)

worse

Diuretic use
Yes (n=3808);1298 vs. 1329

No (n=990); 289 vs. 307

Diabetes
Yes (n=1400);510 vs. 524

No (n=2298); 1077 vs. 1112

Sex
Men (n=3660); 1218 vs. 1275

Women (n=1138); 369 vs. 361

Race/ethnicity
White (n=4221); 1386 vs. 1446
Nonwhite (n=577); 201 vs. 190

NYHA Class
I-II (n=3275); 1041 vs. 1079
III-IV (n=1523);546 vs. 557 

Ejection Fraction (%)
>45% (n=614); 202 vs. 217 

≤45% (n=4184); 1385 vs. 1419

Digoxin use during trial
Yes (n=2390);784 vs. 802
No (n=2408); 803 vs. 834

ACE inhibitor use
Yes (n=4478);1471 vs. 1525

No (n=320); 116 vs.111 

Ischaemic aetiology
Yes (n=3409);1169 vs. 1171

No (n=1389);418 vs. 465 

P = 0.181

P = 0.358

P = 0.096

P = 0.438

P = 0.389

P = 0.360

P = 0.060

P = 0.935

P = 0.665

P = 0.783

Age (years)
Age<65 (n=2055); 655 vs. 671 

Age=>65 (n=2743); 932 vs. 965
1.18 (1.06–1.31): P=0.002
1.07 (0.98–1.17): P=0.139

1.14 (1.05–1.24): P=0.002
1.06 (0.94–1.19): P=0.343

1.17 (1.04–1.33): P=0.01
1.10 (1.01–1.19): P=0.029

1.12 (1.04–1.20): P=0.002
1.09 (0.84–1.42): P=0.504

1.05 (0.95–1.16): P=0.362
1.20 (1.08–1.31): P<0.0001

1.11 (1.03–1.20): P=0.009
1.16 (0.98–1.36): P=0.078

1.15 (0.95–1.39): P=0.168
1.11 (1.03–1.20): P=0.005

1.14 (1.05–1.23): P=0.001
1.05 (0.91–1.21): P=0.515

1.13 (1.05–1.22): P=0.001
1.04 (0.85–1.26): P=0.720

1.08 (0.99–1.17): P=0.077
1.23 (1.07–1.40): P=0.003

better

Chronic kidne P for interactiony diseaseAll-cause hospitalization
No CKD versus CKD

HR (95% CI); P-value

Fig. 3. Association of chronic kidney disease and all-cause hospitalization in subgroups of propensity score-matched heart failure patients (ACE =
angiotensin-converting enzyme; CI = confidence interval; HR = hazard ratio; NYHA = New York Heart Association).

white, male, relatively younger HF patients with normal si-
nus rhythm and mild-to-moderate CKD, which might limit
generalizability of these findings to other populations. We
did not have data about the progression of CKD during
the trial, and proteinuria was not measured in the study.
The MDRD formula used may have underestimated GFR
in those with GFR >60 ml/min/1.73 m2 BSA [29]. We
also have no data on severity of comorbid conditions. Even
though chronological age was balanced at baseline between
patients with and without CKD, it is possible that those with
CKD had higher biological age. We did not have data on
the use of beta-blockers although this was probably low
as these drugs were not yet approved for use in systolic
HF at the time. It is likely that some of these covariates
such as ejection fraction or medication use may have al-

tered during follow-up. However, such regression dilution
is likely to have underestimated the association observed in
our analysis.

In conclusion, in a cohort of propensity-matched HF pa-
tients in which patients with and without CKD were well
balanced in all measured baseline covariates, the presence
of CKD was associated with increased hospitalization, and
the risk of hospital admission was particularly high for
those with GFR <45 ml/min/1.73 m2 BSA. The presence
of CKD should be used to risk stratify HF patients, and they
should be appropriately managed in an outpatient setting us-
ing established guideline recommendations to improve out-
comes. Additional research is needed to identify ideal treat-
ment strategies and guidelines for these high-risk patients
[30].
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