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Abstract
Background—The role of renin-angiotensin inhibition in older systolic heart failure patients
with chronic kidney disease remains unclear.

Methods—Of the 1665 patients, age ≥65 years, with systolic heart failure (ejection fraction
<45%) and chronic kidney disease (estimated glomerular filtration rate <60 ml/min/1.73 m2), 1046
received angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. Propensity
scores for the receipts of these drugs, estimated for each of the 1665 patients, were used to
assemble a matched cohort of 444 pairs of patients receiving and not receiving these drugs who
were balanced on 56 baseline characteristics.

Results—During over 8 years of follow-up, all-cause mortality occurred in 75% and 79% of
matched patients with chronic kidney disease receiving and not receiving angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers, respectively (hazard ratio {HR}, 0.86; 95%
confidence interval {CI}, 0.74–0.996; p=0.045). There was no significant association with heart
failure hospitalization (HR, 0.86; 95% CI, 0.72–1.03; p=0.094). Similar mortality reduction (HR,
0.83; 95% CI, 0.70–1.00; p=0.046) occurred in a subgroup of matched patients with estimated
glomerular filtration rate <45 ml/min/1.73 m2. Among 171 pairs of propensity-matched patients
without chronic kidney disease, the use of these drugs was associated with significant reduction in
all-cause mortality (HR, 0.72; 95% CI, 0.55–0.94; p=0.015) and heart failure hospitalization (HR,
0.71; 95% CI, 0.52–0.95; p=0.023).
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Conclusions—Discharge prescription of angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers was associated with a significant modest reduction in all-cause
mortality in older systolic heart failure patients with chronic kidney disease including those with
more advanced chronic kidney disease.

Keywords
systolic heart failure; chronic kidney disease; angiotensin-converting enzyme inhibitors;
angiotensin receptor blockers

Inhibition of the renin-angiotensin system using angiotensin-converting enzyme inhibitors or
angiotensin II type-1 receptor blockers improves outcomes in systolic heart failure.1,2

Chronic kidney disease is common in heart failure and is associated with poor outcomes.3,4

Although renin-angiotensin system suppression has been shown to improve outcomes in
chronic kidney disease,5 systolic heart failure patients with chronic kidney disease are less
likely to receive angiotensin-converting enzyme inhibitors or angiotensin receptor blockers.6
In addition to the elevation of serum creatinine after initiation of angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers, a key reason for the underuse of these
drugs is the apparent lack of randomized clinical trials evidence of their benefit in systolic
heart failure patients with chronic kidney disease.7–9 Systolic heart failure patients with
renal dysfunction were often excluded from randomized clinical trials of angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers and it is unlikely that the role
of these drugs in these patients will be definitely resolved in randomized clinical trials due to
ethical concerns of randomizing systolic heart failure patients, albeit with chronic kidney
disease, to placebo, and lack of industry interests to sponsor such randomized clinical trials.
However, when randomized clinical trials are unethical or impractical, propensity score
matching can be used to design non-randomized studies to assemble balanced cohorts while
remaining blinded to study outcomes.10–13 Therefore, the objective of the current study is to
examine the association of angiotensin-converting enzyme inhibitor or angiotensin receptor
blocker use with outcomes in a propensity-matched balanced cohort of systolic heart failure
patients with chronic kidney disease.

Methods
Data source and study patients

We used the Alabama Heart Failure Project data for the current study, the details of which
have been described previously.14 Briefly, medical records of fee-for-service Medicare
beneficiaries discharged with a principle discharge diagnosis of heart failure from 106
Alabama hospitals between July 1, 1998 and October 31, 2001 were identified.14,15 A
diagnosis of heart failure was based on the International Classification of Diseases, 9th
Revision, Clinical Modification, codes for heart failure. Copies of the 9649 charts were
abstracted by trained technicians who directly entered data into a computer database. The
9649 hospitalizations occurred in 8555 unique patients. For patients with multiple
hospitalizations, charts from the first hospitalization were used.

Of the 8555 patients, 8049 were discharged alive, of whom 7058 (88%) were 65 years of
age or older and of which, 2608 (37%) had left ventricular ejection fraction less than 45%.
Of these, 2573 patients had data on baseline (admission, 2557 and in-hospital, 16) serum
creatinine, of whom 1665 had chronic kidney disease, defined as estimated glomerular
filtration rate <60 ml/min/1.73 m2 and 908 had no chronic kidney disease.16 Extensive data
on baseline demographics, medical history including use of medications, hospital course,
discharge disposition including medications, and physician specialty were collected.
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Angiotensin-converting enzyme inhibitor or angiotensin receptor blocker use
Of the 1665 systolic heart failure patients with chronic kidney disease, 1046 (63%) were
prescribed angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. Of
these, 83% (866/1046) received angiotensin-converting enzyme inhibitors, and 23%
(180/799) of those not receiving angiotensin-converting enzyme inhibitors, received
angiotensin receptor blockers. Seventeen patients received both drugs. Of the 908 systolic
heart failure patients without chronic kidney disease, 693 (76%) received angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers. Of these, 89% (619/693)
received angiotensin-converting enzyme inhibitors, and 26% (74/289) of those not receiving
angiotensin-converting enzyme inhibitors received angiotensin receptor blockers.
Considering the benefit of higher doses of angiotensin-converting enzyme inhibitors in heart
failure,17 we categorized patients into receiving below-target or (at or above) target doses of
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, using guideline
recommendations based on doses used in large randomized clinical trials.18

Mortality and hospitalization
The primary outcome of the current analysis was all-cause mortality through to April 2,
2007. Secondary outcomes included all-cause and heart failure hospitalizations. Data on
outcomes and time to events were obtained from the Centers for Medicare and Medicaid
Services Denominator File, Medicare Provider Analysis and Review File and Inpatient
Standard Analytical File.

Assembly of a balanced cohort
Because of the imbalances in baseline characteristics between patients receiving and not
receiving angiotensin-converting enzyme inhibitors or angiotensin receptor blockers (Table
1 and Figure 1), we used propensity scores to assemble a cohort in which those receiving
and not receiving angiotensin-converting enzyme inhibitors or angiotensin receptor blockers
would be well-balanced on all measured baseline covariates.10–13 We began by estimating
propensity scores or probability of receiving discharge prescription of angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers for each of the 1665 systolic
heart failure patients with chronic kidney disease given that patient’s measured baseline
characteristics.19 We used a non-parsimonious multivariable logistic regression model in
which receipt of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers
was the dependent variable, and 56 baseline characteristics displayed in Figure 1 were used
as covariates.20–22

Using a greedy matching protocol, we were able to match 444 or 72% of the 619 patients
not receiving angiotensin-converting enzyme inhibitors or angiotensin receptor blockers
with 444 patients receiving these drugs who had similar propensity scores.23–25 We then
estimated absolute standardized differences of the 56 measured covariates for those
receiving and not receiving angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers, and presented the percentages of pooled standard deviations as Love
plots. 26–29 An absolute standardized difference of 0% indicates no residual bias and
differences <10% are considered inconsequential.

We repeated the above process on 908 systolic heart failure patients without chronic kidney
disease, matching 171 or 80% of the 215 patients not receiving angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers with 171 patients receiving these drugs
who had similar propensity scores, thus assembling a balanced cohort of 171 pairs of
systolic heart failure patients without chronic kidney disease.
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Statistical analysis
For descriptive analyses, we used Pearson Chi square and Wilcoxon rank-sum tests for the
pre-match, and McNemar’s test and paired sample t-test for post-match comparisons, as
appropriate. Kaplan-Meier plots and Cox regression analyses were used to determine the
associations of angiotensin-converting enzyme inhibitor or angiotensin receptor blocker use
with outcomes during over 8 years of follow-up. To quantify the degree of a hidden bias that
would be required to explain away a significant association among matched patients we
conducted a formal sensitivity analysis. Subgroup analyses were conducted to determine the
homogeneity of association. We then examined the associations of below-target and target
doses of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers with
outcomes using patients not receiving these drugs as reference. Finally, we examined the
associations of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers
with outcomes in those with chronic kidney disease Stage ≥3B (estimated glomerular
filtration rate <45 ml/min/1.73 m2). All statistical tests were two-tailed with a p-value <0.05
considered significant. Statistical analyses were performed using SPSS-18 for Windows
(SPSS, Inc., 2009, Chicago, IL).

Results
Baseline characteristics

Matched systolic heart failure patients with chronic kidney disease (n=888) had a mean age
(±SD) of 78 (±7) years, 51% were women, and 21% were African American. Pre-match
imbalances in the distribution of gender, comorbidities and treatment between patients
receiving and not receiving angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers were well-balanced after matching (Table 1 and Figure 1). Of the 888
matched patients, 591 had chronic kidney disease stage ≥3B. These patients had a mean age
(±SD) of 78 (±7) years, 51% were women, and 24% were African American. Matched
systolic heart failure patients without chronic kidney disease (n=342) had a mean age (±SD)
of 77 (±8) years, 45% were women, and 26% were African American. Pre-match
imbalances in various baseline characteristics in these patients were also well balanced after
matching (Table 2).

All-cause mortality in systolic heart failure patients with chronic kidney disease
All-cause mortality occurred in 75% and 79% of matched systolic heart failure patients with
chronic kidney disease receiving and not receiving discharge prescriptions for angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers, respectively, during 8 years
of follow-up (hazard ratio {HR} when the use of angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers was compared with their non-use, 0.86; 95% confidence
interval {CI}, 0.74–0.996; p=0.045; Table 3 and Figure 2). A hidden covariate that is a near-
perfect predictor of all-cause mortality may potentially explain away this association if it
would increase the odds of discharge prescription of these drugs by about 2%. This
association was homogeneous across various subgroups of patients except for that by left
ventricular ejection fraction (p for interaction, 0.004; Figure 3). Similar risk-adjusted
associations were also observed among the 1665 pre-match patients with chronic kidney
disease (Table 3).

Among the 487 matched patients without pre-admission use of angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers, all-cause mortality occurred in 77% and
78% of those receiving and not receiving a new discharge prescription for angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers, respectively (HR, 0.97; 95%
CI, 0.78–1.21; p=0.780). In contrast, among the 401 matched patients receiving pre-
admission angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, all-
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cause mortality occurred in 73% and 83% of those receiving and not receiving continuation
therapy with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers,
respectively (HR, 0.73; 95% CI, 0.56–0.94; p=0.013).

Of the 444 matched patients receiving angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers, data on dosages were available for 324 (73%) patients. Of
these, 107 (24%) patients received at or above target doses and 217 (49%) received below-
target doses of these drugs. Compared with matched patients not receiving angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers (79% mortality, reference),
75% of those receiving below-target doses (HR, 0.90; 95% CI, 0.74–1.08; p=0.248) and
67% of those receiving target doses (HR, 0.69; 95% CI, 0.53–0.89; p=0.004) died. Among
pre-match patients, multivariable-adjusted HRs associated with below-target and target
doses of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers were
0.88 (95% CI, 0.75–1.02; p=0.077) and 0.77 (95% CI, 0.63–0.94; p=0.012), respectively.

Hospitalization in systolic heart failure patients with chronic kidney disease
Among matched systolic heart failure patients with chronic kidney disease, discharge
prescription of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers
had no significant association with heart failure hospitalization (HR, 0.86; 95% CI, 0.72–
1.03; p=0.094) or all-cause hospitalization (HR, 0.89; 95% CI, 0.77–1.02; p=0.101; Tables 4
and 5). HRs for heart failure hospitalization associated with below-target and target doses of
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers were 0.76 (95%
CI, 0.61–0.95; p=0.017) and 0.74 (95% CI, 0.55–0.92; p=0.037), respectively.

Outcomes in systolic heart failure patients with chronic kidney disease stage ≥3B
Among the subset of 591 matched systolic heart failure patients with chronic kidney disease
stage ≥3B, all-cause mortality occurred in 80% and 83% of those receiving and not
receiving angiotensin-converting enzyme inhibitors or angiotensin receptor blockers,
respectively (HR, 0.83; 95% CI, 0.70–1.00; p=0.046). Relative to non-use of these drugs,
HRs for all-cause mortality associated with their use in below-target and target doses were
0.90 (95% CI, 0.72–1.12; p=0.326) and 0.67 (95% CI, 0.49–0.91; p=0.011), respectively.
Respective HRs for heart failure hospitalization associated with below-target and target
doses were 0.75 (95% CI, 0.57–0.98; p=0.038) and 0.60 (95% CI, 0.40–0.88; p=0.009),
respectively.

Outcomes in systolic heart failure patients without chronic kidney disease
All-cause mortality occurred in 56% and 70% of matched systolic heart failure patients
without chronic kidney disease receiving and not receiving angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, respectively (HR, 0.72; 95% CI, 0.55–0.94;
p=0.015; Table 3). Heart failure hospitalization occurred in 46% and 55% of these patients
receiving and not receiving angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers (HR, 0.71; 95% CI, 0.52–0.95; p=0.023; Table 4).

Discussion
Summary and relevance of the key findings

Findings of the current analysis demonstrate that in a propensity-matched balanced cohort of
older systolic heart failure patients with chronic kidney disease, discharge prescriptions of
angiotensin-converting enzyme inhibitors or angiotensin receptor blockers were associated
with a modest but significant reduction in all-cause mortality, and that these associations
were stronger for those receiving target doses of these drugs. We also observed that these
associations persisted in those with more advanced chronic kidney disease. However,
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angiotensin-converting enzyme inhibitors or angiotensin receptor blockers had no significant
associations with heart failure hospitalizations in systolic heart failure patients with chronic
kidney disease. In contrast, in systolic heart failure patients without chronic kidney disease,
the use of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers was
associated with a significant and robust reduction in both all-cause mortality and heart
failure hospitalization. These findings based on rigorous propensity matching designs
provide further evidence that despite concerns for worsening kidney function in systolic
heart failure patients with chronic kidney disease receiving angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, discharge prescription of these drugs may be safe
and associated with improved outcomes.

Potential explanation and mechanism of the key findings
A large body of evidence from randomized clinical trials supports an intrinsic beneficial
effect of renin-angiotensin system inhibition in systolic heart failure.30 Angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers reduce ventricular preload
and after load, attenuate myocardial fibrosis and maladaptive remodeling, and improve left
ventricular ejection fraction and functional capacity.31,32 Renin-angiotensin system
inhibition also delay disease progression and improve clinical outcomes in patients with
chronic kidney disease,5,33 and improve renal function in systolic heart failure patients with
advanced chronic kidney disease.34 Therefore, it is possible that angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers improved outcomes in those with both
systolic heart failure and chronic kidney disease by improving both cardiac and renal
function. Although residual bias is possible but unlikely as propensity-matched patients in
our study were well-balanced on key baseline confounders.

Although treatment effect is generally more pronounced in those with more severe or
advanced disease,35 it was modest in those patients with systolic heart failure and chronic
kidney disease in our study. Considering that systolic heart failure patients with chronic
kidney disease had more advanced disease, it is likely that pump failure was a more
common cause of death than sudden death.36,37 Although angiotensin-converting enzyme
inhibitors reduce both forms of death in heart failure,2 they may be less effective in reducing
disease progression in those with chronic kidney disease. This notion is also supported by
the lack of a significant reduction in heart failure hospitalization in those with chronic
kidney disease, but not in those without chronic kidney disease. Another potential
explanation for a more modest effect in those with chronic kidney disease is that more
severe adverse effects (namely, renal insufficiency, hyperkalemia or hypotension) leading to
a higher rate of drug discontinuation thus leading to an attenuated benefit. Although we had
no data on medication use during follow-up, a post-hoc analysis demonstrated a higher
admission-to-discharge discontinuation among those with chronic kidney disease stage ≥3B
(24%) than with stage 3A (10%; p <0.001).

Comparison with findings from relevant published literature
In patients with coronary artery disease, systolic heart failure and chronic kidney disease,
angiotensin-converting enzyme inhibitor use had no association with mortality.38 In post-
acute myocardial infarction patients with reduced left ventricular ejection fraction, on the
other hand, angiotensin-converting enzyme inhibitor use was associated with reduced
mortality.39 Several small observational studies in systolic heart failure patients with chronic
kidney disease have also suggested potential benefits of these drugs.40–42 However, the
current study is distinguished from the prior studies by its larger sample size, longer follow-
up, use of a more rigorous methodology, inclusion of both angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers, and the use of contemporary therapy for
systolic heart failure. Cumulative findings from these studies, taken together with the
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evidence of their benefit in systolic heart failure as well as in chronic kidney disease,
suggest that the use of angiotensin-converting enzyme inhibitors and angiotensin receptor
blockers should be expanded to include systolic heart failure patients with chronic kidney
disease, including those with more advanced chronic kidney disease.

Clinical and public health importance
Nearly half of all systolic heart failure patients have chronic kidney disease, which is
associated with poor outcomes and underuse of angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers. Physicians often attribute this to lack of evidence of benefit
and concern for potential harmful effects.7–9 Findings from the current study should
attenuate these concerns and lead to increased use of these drugs in older systolic heart
failure patients with chronic kidney disease. We also observed that the benefit of these drugs
was similar in those with more advanced chronic kidney disease. Nonetheless, these drugs
should be prescribed with caution in those with low systolic blood pressure or high serum
potassium. Because mild hypokalemia is common in heart failure patients with chronic
kidney disease and is associated with poor outcomes,43 elevation of serum potassium during
therapy with angiotensin-converting enzyme inhibitors or angiotensin receptor blockers may
be beneficial in these patients. However, close monitoring of serum potassium is advisable,
especially if serum potassium is above 5.5 mEq/L or concomitant aldosterone antagonists
are prescribed.44

Potential limitations and future direction
Our study has several limitations. Despite balance in all measured baseline covariates, bias
due to imbalances in unmeasured covariates is possible. Sensitivity analysis suggests that
mortality reduction associated with angiotensin-converting enzyme inhibitor or angiotensin
receptor blocker use in our study was rather sensitive to a potential unmeasured confounder.
However, sensitivity analysis cannot determine if such an unmeasured confounder exists or
not. Further, to act as a confounder, an unmeasured covariate that is a near-perfect predictor
of mortality must also be associated with discharge prescription of angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers and not be strongly correlated with any
of the 56 measured baseline covariates used in our study. Loss of data in the matching
process may limit external validity but enhances internal validity. Further, over 72% of
patients not receiving angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers (the smaller of the two groups) were matched. Patients discharged on angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers may have discontinued their
use and vice versa. However, this is likely to be minimal,45 and the resultant regression
dilution may have underestimated the observed associations.46 Findings of the current study
based on a single state may limit generalizability but may have important implication for
Alabama that has one of the highest heart failure mortality.47

Conclusions
A discharge prescription for angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers was associated with a significant but modest reduction in all-cause
mortality in older systolic heart failure patients with chronic kidney disease including those
with more advanced chronic kidney disease, and this association seemed stronger among
those receiving these drugs at or above target doses. The use of angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers was also associated with a trend toward
lower heart failure hospitalization in those with chronic kidney disease. These findings
suggest that angiotensin-converting enzyme inhibitors or angiotensin receptor blockers are
safe and beneficial in older systolic heart failure patients with chronic kidney disease.
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Figure 1.
Absolute standardized differences comparing 56 baseline characteristics between older
systolic heart failure patients with chronic kidney disease receiving and not receiving
discharge prescription of angiotensin-converting enzyme inhibitors or angiotensin receptor
blockers, before and after propensity score matching
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Figure 2.
Kaplan-Meier plots for all-cause mortality in a propensity-matched cohort of older systolic
heart failure patients with chronic kidney disease receiving and not receiving discharge
prescription of angiotensin-converting enzyme inhibitors or angiotensin receptor blockers
(CI=confidence interval)
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Figure 3.
Association of discharge prescription of angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers with all-cause mortality in subgroups of propensity-matched
older systolic heart failure patients with chronic kidney disease
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