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Abstract
BACKGROUND—The role of angiotensin-converting enzyme (ACE) inhibitors in patients with
heart failure and preserved ejection fraction remains unclear.

METHODS—Of the 10,570 patients ≥65 years with heart failure and preserved ejection fraction
(≥40%) in OPTIMIZE-HF (2003–2004) linked to Medicare (through December, 2008), 7304 were
not receiving angiotensin receptor blockers and had no contraindications to ACE inhibitors. After
excluding 3115 patients with pre-admission ACE inhibitor use, the remaining 4189 were eligible
for new discharge prescriptions for ACE inhibitors, and 1706 received them. Propensity scores for
the receipt of ACE inhibitors, calculated for each of the 4189 patients, were used to assemble a
cohort of 1337 pairs of patients, balanced on 114 baseline characteristics.

RESULTS—Matched patients had a mean age of 81 years, mean ejection fraction of 55%, 64%
were women and 9% African American. Initiation of ACE inhibitor therapy was associated with
lower risk of the primary composite endpoint of all-cause mortality or heart failure hospitalization
during 2.4 years of median follow-up (hazard ratio {HR}, 0.91; 95% confidence interval {CI},
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0.84–0.99; p=0.028), but not with individual endpoints of all-cause mortality (HR, 0.96; 95% CI,
0.88–1.05; p=0.373) or heart failure hospitalization (HR, 0.93; 95% CI, 0.83–1.05; p=0.257).

CONCLUSION—In hospitalized older patients with heart failure and preserved ejection fraction
not receiving angiotensin receptor blockers, discharge initiation of ACE inhibitor therapy was
associated with a modest improvement in the composite endpoint of total mortality or heart failure
hospitalization, but had no association with individual endpoint components.
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Nearly half of the estimated 6 million heart failure patients in the United States have
diastolic heart failure or heart failure with preserved ejection fraction.1 Most of these
patients are older adults and they are prognostically similar to those with systolic heart
failure or heart failure with reduced ejection fraction.2,3 Angiotensin-converting enzyme
(ACE) inhibitors reduce all-cause mortality in patients with heart failure and reduced
ejection fraction.4-6 Although angiotensin receptor blockers did not reduce mortality in
patients with heart failure and reduced ejection fraction, they improved outcomes,7,8 and are
considered drugs of choice for these patients who cannot tolerate ACE inhibitors.9 However,
despite evidence of similar neurohormonal activation in heart failure with preserved ejection
fraction,10 there is no clear evidence of efficacy of renin-angiotensin system inhibition in
these patients.

The lack of efficacy of angiotensin receptor blockers in patients with heart failure and
preserved ejection fraction has now been well established in two large multicenter
randomized controlled trials.11,12 The role of ACE inhibitors, on the other hand, is less clear.
In the Perindopril in Elderly People with Chronic Heart Failure (PEP-CHF) trial, the only
randomized controlled trial of ACE inhibitors in heart failure and preserved ejection
fraction, 850 patients (mean age, 75 years) recruited from 8 European countries were
randomized to receive perindopril or placebo, and during 2.1 years of median follow-up,
perindopril had no effect on the primary endpoint of all-cause mortality or heart failure
hospitalization (hazard ratio {HR}, 0.92; p=0.545) or all-cause mortality (HR, 1.09;
p=0.665).13

The non-significant effect of perindopril was explained in part by the unexpected low (45%)
event rates and loss of power (from 90% to 35%) in PEP-CHF and a substantial open-label
perindopril use after the first year of follow-up, before which perindopril tended to reduce
the risk the primary endpoint (HR, 0.69; p=0.055) and significantly reduced the risk of heart
failure hospitalization (HR, 0.63; p=0.033).13 This early benefit of perindopril in PEP-CHF
is similar to the early benefit of enalapril in patients with heart failure and reduced ejection
fraction in the Studies of Left Ventricular Dysfunction (SOLVD) in which enalapril had no
effect after second year of follow-up.5 These observations, taken together with the
neurohormonal activation in heart failure with preserved ejection fraction,10 led us to
hypothesize that ACE inhibitor use may be associated with improved outcomes in patients
with heart failure and preserved ejection fraction, despite the definitive lack of efficacy of
angiotensin receptor blockers in these patients. Therefore, the objective of the current study
was to test this hypothesis in a propensity-matched (balanced)14,15 inception cohort (new
users)16,17 of restricted (excluding those with contraindications to ACE inhibitors)18,19

patients with heart failure and preserved ejection fraction.
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MATERIALS AND METHODS
Data Sources and Study Population

The Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart
Failure (OPTIMIZE-HF) is a national registry of hospitalized heart failure patients and has
been well described in the literature.20-22 Briefly, charts from 48,612 hospitalizations due to
heart failure occurring in 259 hospitals from 48 states between March 2003 and December
2004 were abstracted by trained staff.20 A primary discharge diagnosis of heart failure was
determined based on the International Classification of Diseases, 9th Revision codes 428,
402.01, 402.11, 402.91, 404.01, 404.03, 404.11, and 404.91.22 Of the 48,612
hospitalizations, 20,839 were due to heart failure and preserved ejection fraction ≥40%.
Extensive data on baseline demographics, medical history including admission and
discharge medications including ACE inhibitors and angiotensin receptor blockers, hospital
course, discharge disposition, and physician specialty were also collected.22 Data on
contraindications to the use of ACE inhibitors were also collected from patients not
receiving these drugs. Missing values for continuous variables were imputed based on
values predicted by age, sex and race.

Because OPTIMIZE-HF did not collect data on long-term outcomes, we linked OPTIMIZE-
HF to Medicare outcomes data up to December 31, 2008, obtained from the Centers for
Medicare and Medicaid Services.23 Of the 20,839 heart failure hospitalizations due to heart
failure and preserved ejection fraction, 13,270 could be linked to Medicare data. These
events occurred in 11,997 unique patients, 10,889 of whom were 65 years or older,24,25 of
whom 10,570 were discharged alive (Figure 1). Because angiotensin receptor blockers have
not been shown to improve outcomes in heart failure and preserved ejection
fraction,7,11,12,25 we excluded 1871 patients who received angiotensin receptor blockers. Of
the remaining 8699 patients, 107 without data on discharge use of ACE inhibitors and
another 1288 patients with contraindication to ACE inhibitors were excluded, leading to a
final working sample size of 7304 patients who would be eligible for a discharge
prescription for ACE inhibitors (Figure 1).

Assembly of an Inception Cohort
Because prevalent drug use may result in selection bias and left censoring,16,17,26 we
assembled an inception cohort of 4189 patients who were not receiving prior ACE inhibitor
therapy and a discharge prescription for ACE inhibitors for these patients would be
considered an initiation of therapy. Therefore, we excluded 3115 patients who received ACE
inhibitors before hospital admission. Of the 4189 patients with no history of prior ACE
inhibitor use or no contraindication to new ACE inhibitor therapy, 1706 (41%) received a
new discharge prescription for ACE inhibitors (Figure 1).

Assembly of a Balanced Cohort
In well-designed randomized controlled trial, the probability of receiving a treatment is
50%, regardless of whether a patient is randomized to the treatment or the placebo group.
However, treatment assignment in the real world is seldom random, and as such, these
probabilities in non-randomized controlled trial studies would vary between 0 and 100%.
These probabilities are often dictated by various measured and unmeasured patient and care
characteristics. In real-world patients with heart failure, the probability of the receipt of an
ACE inhibitor may be influenced by age, ejection fraction, blood pressure, serum potassium,
serum creatinine, known adverse effects, and perceived or real contraindications. For
example, 75 year-old patient with heart failure and preserved ejection fraction who have low
blood pressure and high serum potassium will likely have a low probability of receiving
ACE inhibitors, while 45 year-old patient with heart failure and reduced ejection fraction
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who have normal blood pressure and normal serum potassium will likely have a high
probability of receiving these drugs. These probabilities or propensity scores for the receipt
of ACE inhibitors are predicted by data and may be similar in two patients. However, it is
possible that one of these two patients actually received ACE inhibitor while the other
patient did not. These two patients could then be matched to assemble a pair of patients
receiving and not receiving ACE inhibitors who had similar predicted probabilities of
receiving ACE inhibitors. In a properly conducted propensity-matched study, patients
receiving and not receiving a treatment, such as an ACE inhibitor, would be balanced on all
measured baseline characteristics.14,27-31 Importantly, this balance can be achieved while
remaining blinded to study outcomes, a key feature of randomized controlled trial.27

We used propensity scores for the receipt of ACE inhibitors to assemble our study cohort so
that patients receiving and not receiving these drugs would be balanced on all measured
baseline characteristics.31-33 We estimated propensity scores for each of the 4189 patients
using a non-parsimonious multivariable logistic regression model.32,33 In the model, the
receipt of ACE inhibitors was the dependent variable, and 114 baseline characteristics
displayed in Figure 2 were used as covariates. Although propensity scores can be used in
regression models or for stratification, matching by propensity scores allows assembly of
cohorts in which baseline balance can be estimated and displayed in visually pleasant tabular
forms. We used a greedy matching protocol to match 1337 (78%) of the 1706 patients
receiving ACE inhibitors with 1337 patients who did not receive ACE inhibitors but had the
same propensity or probability to receive them.34,35 The effectiveness of propensity score
model was assessed by estimating absolute standardized differences,15,28,36 and presented as
a Love plot.37-39 A difference of 0% indicates no residual bias and values <10% are
considered inconsequential.

Mortality and Hospitalization
The primary outcome of the current analysis was the composite endpoint of all-cause
mortality or heart failure hospitalization.24 Secondary outcomes included all-cause
mortality, heart failure and all-cause hospitalizations. Data on mortality and hospitalization
were obtained from the 100% MedPAR File and 100% Beneficiary Summary File between
January 1, 2002 and December 31, 2008.

Statistical Analysis
For descriptive analyses, we used Pearson's Chi-square and Wilcoxon rank-sum tests for the
pre-match data, and McNemar's test and paired sample t-test for post-match comparisons, as
appropriate. Because measured baseline characteristics are balanced in propensity-matched
cohorts, we used bivariate Cox proportional hazard models to determine the associations of
a new discharge prescription for ACE inhibitors (independent variable) with outcomes
(dependent variable) among matched patients during 6 years of follow-up (median, and 25th
and 75th percentiles, 2.4, 0.7 and 4.5 years, respectively). Log-minus-log survival plots were
used to check proportional hazards assumptions. We conducted a formal sensitivity analysis
to estimate the degree of hidden bias that could potentially explain away a significant
association between ACE inhibitors and the primary composite outcome among our matched
patients.40 Subgroup analyses were conducted to determine the homogeneity of association
between the use of ACE inhibitors and the composite primary outcome. Because an older
cohort with a long follow-up will ultimately have 100% mortality, estimation of number
needed to treat using absolute risk difference may be less useful. Therefore, using a formula
proposed for survival analyses, we estimated number needed to treat with ACE inhibitors to
prevent one primary composite endpoint event.41 All statistical tests were two-tailed and
95% confidence intervals (CI) were constructed. Finally, we examined the association of
ACE inhibitors with outcomes among pre-match patients using multivariable Cox regression
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models adjusting for (1) all 114 baseline characteristics used in the propensity model and (2)
propensity scores. All data analyses were performed using SPSS for Windows version 18
(SPSS, Inc., 2009, Chicago, IL).

RESULTS
Baseline Characteristics

Matched patients (n=2674) had a mean (±SD) age of 81 (±8) years, mean (±SD) LVEF of
55% (±9), 63% were women and 9% were African American. Before matching, patients
receiving a new prescription for ACE inhibitors were more likely to be symptomatic but had
lower prevalence of comorbidities such as atrial fibrillation and chronic kidney disease.
These and other pre-match imbalances were balanced after matching (Tables 1 and 2, and
Figure 2). Absolute standardized differences for all 114 baseline characteristics between the
two treatment groups were <10% (mostly <5%) suggesting substantial bias reduction.

New Prescriptions for ACE Inhibitors and Outcomes
During 2.4 years of median follow-up, the primary composite endpoint of all-cause
mortality or heart failure hospitalization occurred in 80% (1076/1337) and 83% (1112/1337)
of matched patients with heart failure and preserved ejection fraction receiving and not
receiving a new discharge prescription for ACE inhibitors, respectively, (hazard ratio {HR}
when the use of ACE inhibitors was compared with their non-use, 0.91; 95% CI, 0.84–0.99;
p=0.028; Figure 3 and Table 3). An estimated 71 (95% CI, 40–646) patients will need to be
treated over a median 2.4 years of follow-up to prevent one primary composite endpoint
event. The association between new ACE inhibitor use and the primary composite endpoint
was homogeneous across various subgroups of patients (Figure 4). ACE inhibitor use had
no significant association with individual endpoints components of all-cause mortality and
hospitalization (Table 3).

Among the 4189 pre-match patients, the primary composite endpoint occurred in 79%
(1351/1706) and 84% (2079/2483) of patients receiving and not receiving a new discharge
prescription for ACE inhibitors, respectively (HR, 0.84; 95% CI, 0.78–0.90; p<0.001).
Multivariable-adjusted and propensity-adjusted HRs for primary composite endpoint
associated with ACE inhibitor use were 0.93 (95% CI, 0.86–1.00; p=0.049) and 0.94 (95%
CI, 0.87–1.01; p=0.098), respectively.

DISCUSSION
Findings from our study demonstrate that a new discharge prescription for ACE inhibitors
was associated with a statistically significant modest 9% lower risk of the composite
endpoint of all-cause mortality or heart failure hospitalization in a wide spectrum of
propensity-matched older patients with heart failure and preserved ejection fraction who
were balanced on over one hundred potential confounders. Similar multivariable-adjusted or
propensity-adjusted associations were observed when traditional regression-based risk
adjustment models were used in the pre-match cohort. However, ACE inhibitors had no
significant association with individual endpoint components of all-cause mortality or heart
failure hospitalization. Findings from the current rigorously-conducted propensity-matched
inception cohort study based on nationally representative real-world patients provide
evidence that the use of ACE inhibitors may be associated with a modest improvement in
the long-term composite endpoint of total mortality or heart failure hospitalization in older
patients with heart failure and preserved ejection fraction.
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The 9% reduction in the composite endpoint in our study is substantially smaller than the
26% reduction in the same endpoint in younger systolic heart failure patients in the SOLVD
trial.5 In the SOLVD trial, enalapril seemed to have a more robust effect on heart failure
hospitalization than on mortality which in part may also explain the overall benefit of ACE
inhibitors in heart failure patients with preserved ejection fraction. The effect of ACE
inhibitors may also be mediated by their beneficial effect on aortic stenosis, the prevalence
of which would be expected to be high in older heart failure patients with preserved ejection
fraction. The inhibition of the renin-angiotensin system has been shown to be associated
with improved outcomes in patients with aortic stenosis.42 The lack of significant
association with all-cause mortality in our study may in part be explained by the different
modes of death in heart failure patients with preserved versus reduced ejection fraction.
Findings from major randomized controlled trial of ACE inhibitors in systolic heart failure
suggest that these drugs had no significant effect on sudden cardiac death but had a robust
effect on death due to pump failure.5,6 While sudden death accounts for between 40% and
50% of cardiovascular deaths in heart failure patients regardless of ejection fraction, death
due to pump failure is less common in those with preserved ejection fraction, accounting for
24% of cardiovascular deaths (versus 41% in those with reduced ejection fraction).43 This
may in part explain the lack of an effect of ACE inhibitors on mortality in patients with heart
failure and preserved ejection.

Most randomized controlled trials of ACE inhibitors in heart failure excluded those with
preserved ejection fraction. The overall direction and magnitude of the associations with
primary endpoint observed in our study (9% reduction) are consistent with those from PEP-
CHF (8% reduction).13 A recent propensity-matched study of ACE inhibitors or angiotensin
receptor blockers based on the Swedish Heart Failure Registry reported mortality reduction
in patients with heart failure and preserved ejection fraction.44 This association seems
inflated as nearly 25% of patients in that study were receiving angiotensin receptor blockers,
with proven lack of effect on mortality.11,12 In addition, in PEP-CHF, perindopril had no
effect on all-cause mortality, not even during the first year of follow-up, when it reduced
heart failure hospitalization, suggesting lack of efficacy on mortality.13 That study based on
the Swedish Heart Failure Registry was also limited by biases due to lack of restriction to
patients without contraindications,18,19 lack of exclusion of prevalent drug users,16,17 and
incomplete matching,45 as over a quarter of 43 variables used in propensity matching were
imbalanced after matching.44 Despite potential overestimation of the association in the
Swedish Heart Failure Registry, findings from PEP-CHF and our study suggest that ACE
inhibitor therapy may be associated with a very modest improvement in the long-term
clinical outcomes in patients with heart failure and preserved ejection fraction. However,
given the lack of benefit of angiotensin receptor blockers in those patients,7,11,12,25 these
findings need to be interpreted with caution and be replicated in other restricted propensity-
matched inception cohorts.

Our study has several limitations. Findings from our sensitivity analysis suggest that this
association could be potentially explained away by a hidden covariate that would increase
the odds for the receipt of ACE inhibitors by about 1%. However, to act as a confounder, an
unmeasured covariate must be a near-perfect predictor of outcome and also not be strongly
correlated with any of the 114 measured baseline covariates used in our study, which is
unlikely. We were able to match nearly 80% of patients receiving ACE inhibitors, thus
minimizing any effect on external validity. We had no data on names and doses for
individual ACE inhibitors. We also had no data on the use of ACE inhibitors after
discharge.46 Substantial crossover may result in regression dilution,47 and may potentially
explain the modest associations observed in our study. Lack of data on aortic stenosis is
another limitation. The clinical data for the analyses were collected from the medical record
and depended upon the accuracy and completeness of the clinical documentation. Although
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this study is confined to fee-for-service Medicare patients and hospital participation in
OPTIMIZE-HF was voluntary and limited to all those hospitals participating in a quality
improvement registry and this may limit the generalizability of the results. However,
Medicare-linked OPTIMIZE-HF patients have been shown to have similar characteristics
and outcomes as heart failure patients in the general Medicare population.48

CONCLUSIONS
In hospitalized older patients with heart failure and preserved ejection fraction who were not
receiving angiotensin receptor blockers, a new discharge prescription for ACE inhibitors
was associated with a modest improvement in the composite endpoint of total mortality or
heart failure hospitalization, but had no association with the individual components of
mortality and heart failure hospitalization. Findings from this rigorously conducted
propensity-matched inception cohort study need to be interpreted in the context of
inconclusive findings from the PEP-CHF trial and proven lack of efficacy of angiotensin
receptor blockers in these patients. Additional well-designed prospective studies are needed.
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Figure 1.
Flow chart displaying assembly of the inception cohort of matched patients with heart
failure and preserved ejection fraction. ACE = angiotensin-converting enzyme; OPTIMIZE-
HF = Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With
Heart Failure
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Figure 2.
Love plot displaying absolute standardized differences comparing 114 baseline
characteristics between older patients with heart failure and preserved ejection fraction,
receiving a new discharge prescription of angiotensin-converting enzyme inhibitors, before
and after propensity score matching
(Hx = medical history, A = admission, D = discharge, H = in-hospital, PF = precipitating
factor; *the total number of variables do not equal 114 as the 4 hospital regions were entered
as a single categorical variable in the model)
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Figure 3.
Kaplan-Meier plot for primary composite endpoint of all-cause mortality or heart failure
hospitalization in a propensity-matched inception cohort of older patients with heart failure
and preserved ejection fraction, receiving and not receiving a new discharge prescription for
angiotensin-converting enzyme (ACE) inhibitors (HR = hazard ratio, CI = confidence
interval)
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Figure 4.
Association of a new discharge prescription of angiotensin-converting enzyme (ACE)
inhibitors with primary composite endpoint of all-cause mortality or heart failure
hospitalization in subgroups of propensity-matched inception cohort of older patients with
heart failure and preserved ejection fraction
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Table 3

Outcomes by a new discharge prescription for angiotensin-converting enzyme (ACE) inhibitors in a
propensity-matched inception cohort of older patients with heart failure and preserved ejection fraction

Outcomes

Events (%)
Hazard ratio

*
 (95%

confidence interval)
P valueNo ACE Inhibitors

(n=1337)
ACE Inhibitors (n=1337)

Combined endpoint of all-cause mortality
or heart failure hospitalization

1112 (83%) 1076 (80%) 0.91 (0.84–0.99) 0.028

All-cause mortality 951 (71%) 930 (70%) 0.96 (0.88–1.05) 0.373

Heart failure hospitalization 564 (42%) 558 (42%) 0.93 (0.83–1.05) 0.257

All-cause hospitalization 1155 (86%) 1165 (87%) 0.97 (0.89–1.05) 0.401

*
Hazard ratios comparing patients receiving ACE inhibitors versus those not receiving ACE inhibitors calculated using Cox regression model
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