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Abstract
Background—Older age is an independent predictor of all-cause mortality in patients with mild
to moderate heart failure (HF). Whether older age is also an independent predictor of mortality in
patients with more advanced HF is unknown.

Methods—Of the 2707 Beta-Blocker Evaluation of Survival Trial (BEST) participants with
ambulatory chronic HF (New York Heart Association class III/IV and left ventricular ejection
fraction <35%), 1091 were elderly (≥65 years). Propensity scores for older age, estimated for each
of the 2707 patients, were used to assemble a cohort of 603 pairs of younger and older patients,
balanced on 66 baseline characteristics.

Results—All-cause mortality occurred in 33% and 36% of younger and older matched patients
respectively during 4 years of follow-up (hazard ratio {HR} associated with age ≥65 years, 1.05;
95% confidence interval {CI}, 0.87—1.27; P=0.614). HF hospitalization occurred in 38% and
40% of younger and older matched patients respectively (HR, 1.01; 95% CI, 0.84–1.21; P=0.951).
Among 603 pairs of unmatched and unbalanced patients, all-cause mortality occurred in 28% and
36% of younger and older patients respectively (HR, 1.34; 95% CI, 1.10–1.64; P=0.004) and HF
hospitalization occurred in 34% and 40% of younger and older unmatched patients respectively
(HR, 1.24; 95% CI, 1.03–1.50; P=0.024).

Conclusion—Significant bivariate associations suggest that older age is a useful marker of poor
outcomes in patients with advanced chronic systolic HF. However, lack of significant independent
associations suggests that older age per se has no intrinsic effect on outcomes in these patients.
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1. Introduction
The majority of heart failure (HF) patients are ≥65 years, and most deaths and HF-related
hospitalizations in HF patients occur in this patient group [1]. We have previously
demonstrated that in a propensity-matched cohort of ambulatory patients with mild to
moderate chronic HF, older age (≥65years) was associated with increased mortality but not
hospitalization [2]. However, associations between older age and outcomes in patients with
chronic advanced systolic HF remain less clear and furthermore have not been studied by
propensity-matched design. The refore, the objective of the current study was to examine the
independent effect of older age on outcomes in chronic advanced systolic HF patients using
a propensity-matched design.

2. Methods
2.1 Data source and patients

This study was conducted using retrospective analysis of public-use copies of the Beta-
Blocker Evaluation of Survival Trial (BEST) datasets obtained from the National Heart,
Lung, and Blood Institute (NHLBI). The design and findings of the BEST have been
described previously in detail [3]. Briefly, the BEST was a multicenter randomized
controlled trial of the beta-blocker bucindolol in chronic systolic HF. Over a three-year
period, 2708 patients with advanced systolic HF were enrolled from 90 different sites across
the United States and Canada. All patients had New York Heart Association class III or IV
symptoms and a left ventricular ejection fraction of <35%. Over 90% of patients enrolled
were receiving angiotensin-converting enzyme (ACE) inhibitors, diuretics, and digitalis. Of
the 2707 patients in the public-use copy of the BEST dataset (one patient did not consent to
be included in the public-use copy), 1091 (40%) patients were ≥65 years. We categorized
patients into two age groups: younger (<65 years) and older (≥65 years) with 1091 (40%)
patients comprising the ≥65 year group

2.2 Study outcomes
Primary outcomes were all-cause mortality and HF hospitalization. Secondary outcomes
included cardiovascular mortality, HF mortality and all-cause hospitalization. All outcomes
were centrally adjudicated.

2.3 Assembly of a balanced study cohort
Due to significant imbalances in baseline characteristics between older and younger patients
(Figure 1), we used propensity score matching to assemble a cohort of patients in which
older and younger patients would be well-balanced on all measured baseline covariates
(Table 1) [4-16]. We began by using a non-parsimonious multivariable logistic regression
model to estimate propensity score for age ≥65 years for each of the 2707 participants. In
the model, an age ≥65 years was used as the dependent variable and all clinically relevant
baseline characteristics (Figure 1) were included as covariates [6-16]. Using a greedy
matching protocol described elsewhere in detail [6-16], we were able to match 603 of the
1091 older patients with 603 patients <65 years old who had similar propensity scores.

Because propensity score models are sample-specific adjusters and are not intended to be
used for out-of-sample prediction or estimation of coefficients, measures of fitness and
discrimination are not important to assess the models’ effectiveness. Instead, estimating pre-
and post-match between-group absolute standardized differences for covariates is the best
way to assess the efficacy of propensity score models [17]. Standardized differences directly
quantify the bias in the means of covariates across the groups, expressed as a percentage of
the pooled standard deviation. Therefore, we estimated pre- and post-match absolute
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standardized differences for each covariate for the 2707 and 1206 patients respectively and
presented theresults as Love plots (Figure 1) [6-16]. An absolute standardized difference of
0% indicates no residual bias and an absolute standardized difference <10% is regarded as
insignificant bias.

To ensure that comparison of the pre- and post-match associations would not be affected by
differences in sample size and power between the pre- and post-match cohorts, we
assembled a pre-match cohort of 1206 patients. We accomplished this by merging the 603
elderly matched patients with 603 younger patients who were randomly selected from the
1660 younger patients in the pre-match cohort. Thus, these 603 pairs of patients had the
same sample size as the matched cohort but were not propensity matched and thus not
balanced on baseline covariates (Table 1).

2.4 Statistical analysis
For descriptive analyses, we used Pearson Chi-square and Wilcoxon rank-sum tests for the
pre-matched population, and McNemar’s test and paired sample t-tests for the matched
population as appropriate. Kaplan-Meier survival analyses and Cox proportional hazard
analyses were used to determine the association of age with various outcomes during the 23
months of mean follow-up. We repeated our analysis in the pre-match cohort of 1206
patients using three different statistical models: (1) unadjusted, (2) multivariable-adjusted,
including all covariates used in the propensity score model, and (3) propensity score-
adjusted.

To identify confounders associated with increased unadjusted mortality among older adults,
we created separate multivariable models adjusting for sex, race, morbidities (coronary
artery disease, hypertension, diabetes, atrial fibrillation and chronic kidney disease),
medication use (bucindolol, ACE inhibitors or angiotensin receptor blockers, diuretics and
digitalis), and clinical characteristics (body mass index, systolic and diastolic blood
pressure, New York Heart Association class, and left and right ventricular ejection
fractions). Subgroup analyses of matched patients were conducted to assess heterogeneity of
the associations of aging with all-cause mortality. All statistical tests were two-tailed, and
tests with P <0.05 were considered significant. All statistical tests were performed using
SPSS for Windows Version 15 (SPSS Inc., Chicago, IL) [18].

3. Results
3.1 Baseline patient characteristics

Matched patients had a mean age of 56 (±7) and 71 (±4) years in younger and older groups
respectively, 20% was female, and 20% was African American. Before matching, older
patients were more likely to have coronary artery disease, atrial fibrillation and chronic
kidney disease than younger patients. Baseline characteristics for both groups before and
after matching are displayed in Table 1. After matching, absolute standardized differences
between age groups were <10% for all measured covariates (with the exception of white
blood cell count which was 10.2%) with most values <5% demonstrating substantial
covariate balance across the groups (Fig 1).

3.2 Association of age and mortality
All-cause mortality occurred in 33% (202/603) and 36% (215/603) of matched younger and
older patients respectively during 4 years of follow-up (hazard ratio {HR} when older
patients are compared to younger patients, 1.05, 95% confidence interval {CI}, 0.87–1.27,
P=0.614; Table 2 and Figure 2). Older age had no association with cardiovascular mortality
but was significantly associated with increased risk of HF mortality (HR when older patients
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are compared to younger patients, 1.51, 95% CI, 1.07–2.14, P=0.020; Table 2). The
association of age with mortality was homogeneous across subgroups of patients, except that
among those with lower body mass index, older age was associated with increased mortality
(Figure 3).

Among the 603 pairs of pre-match patients, all-cause mortality occurred in 28% (170/603)
and 36% (215/603) of younger and older patients respectively (unadjusted HR when older
patients are compared to younger patients, 1.34; 95% CI, 1.10–1.64; p=0.004). This
association was unaffected by sex and race (HR, 1.34; 95% CI, 1.10–1.65; p=0.004) or
additional adjustment for cardiovascular morbidities (coronary artery disease, diabetes
mellitus, atrial fibrillation, hypertension, and peripheral arterial disease) (HR, 1.25; 95% CI,
1.02–1.53; p=0.035). When chronic kidney disease (CKD) was added to the model, the
association between older age and mortality became non-significant (HR, 1.14; 95% CI,
0.93–1.40; p=0.224). The association also became non-significant when adjusted for CKD
alone (HR, 1.20; 95% CI, 0.98–1.47; p=0.084). Unadjusted, multivariable-adjusted and
propensity-adjusted associations of older age with cause-specific mortalities among the 603-
pairs of pre-match patients are displayed in Table 3.

3.3 Association of age and hospitalization
HF hospitalization occurred in 38% (229/603) and 40% (240/603) of younger and older
matched patients respectively (HR when older patients are compared to younger patients,
1.01, 95% CI, 0.84–1.21, P=0.951; Table 2 and Figure 2). Older age also had no association
with all-cause mortality (Table 2). Among the 603 pairs of pre-match patients, HF
hospitalization occurred in 34% and 40% of younger and older patients respectively (HR
associated with older age, 1.24; 95% CI, 1.03–1.50; p=0.024; Table 3). Unadjusted,
multivariable-adjusted and propensity-adjusted associations of older age with HF and all-
cause hospitalizations among the pre-match cohort of 1206 patients are displayed in Table 3.

Discussion
Findings from the current study demonstrate that in patients with advanced systolic HF,
older age was associated with increased mortality and hospitalization, but this association
was not independent in nature. The significant bivariate associations suggest that older age
remains an important predictor of poor outcomes in these patients. However, the lack of an
intrinsic association of age with poor outcomes suggests that older age by itself may not add
to the already poor prognosis of advanced systolic HF patients and that age alone should not
be used as a basis for treatment decisions. These findings are important as most HF patients
are ≥65 years and HF is the leading cause of hospitalization in that age group [1].

Bivariate associations of age with poor outcomes are not surprising as aging is associated
with increased morbidities and functional decline [19,20]. This is demonstrated by the
longer duration of HF and a greater comorbidity burden among older adults before
matching. However, these associations disappeared among the balanced matched patients
demonstrating lack of an intrinsic association. This lack of significant association is unlikely
to be a function of power as these associations were significant in a pre-match unbalanced
cohort with the same sample size as the matched cohort. Further, most of these associations
lost significance after multivariable and propensity score adjustment (Table 3). Although
multivariable regression models can adjust for baseline covariates, it cannot guarantee
between-group baseline covariate balance [21]. Propensity score methods, in contrast, can
be used to assemble cohorts in which covariate balance can be achieved and displayed in a
tabular form. Further, designing of observational studies using propensity score methods is
blinded to study outcomes [5].
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Bivariate associations between age and poor outcomes among advanced systolic HF patients
observed in the current study are similar to those in our previous study of patients with mild
to moderate systolic and diastolic HF [2]. However, in that study, older age also had a
significant independent association with increased mortality. This is likely due to the more
advanced nature of HF and higher baseline mortality rates in the current study. Younger
patients in the current study had a higher mortality (33%) than older patients with mild to
moderate HF (29%) in that study [2]. It is possible that the high mortality rate of younger
patients in advanced systolic HF may have minimized the independent impact of older age.
It is also possible that adjustment for many more baseline characteristics in the current study
may have reduced bias by those variables that were unmeasured in the previous study [2].
Taken together, these findings suggest that poor outcomes observed in older patients with
advanced systolic HF are driven primarily by higher comorbidity, in particular CKD.
However, whether more aggressive management of comorbidities would reduce the risk of
poor outcomes in older adults with advanced systolic HF remains unknown.

A key limitation in all observational studies is that of potential confounding by an
unmeasured covariate, and ours is no exception. A sensitivity analysis would normally help
quantify the degree of a hidden bias that would need to be present to invalidate conclusions
based on significant associations in an observational study. However, sensitivity analyses
cannot be performed if the observed association is non-significant. Because the current study
is based on data derived from a randomized clinical trial, they may not be generalizable to
other older adults with HF[22]. However, findings from major HF registries suggest that the
mean age (71, ±4 years) of HF patients in the community is similar to that of older patients
in the current study [23,24].

In conclusion, in patients with advanced chronic systolic HF, older age is an important
marker of increased mortality and hospitalization, but has no intrinsic effect on outcome.
Therapeutic decisions in older adults with advanced HF should not be biased on the basis of
age alone.
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Figure 1.
Love plot displaying absolute standardized differences for baseline characteristics between
young (<65 years) and older (≥65 years) patients with advanced systolic heart failure, before
and after propensity score matching
(ACE=angiotensin-converting enzyme; ARB=angiotensin receptor blocker)
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Figure 2.
Kaplan-Meier plots for a) all-cause mortality and b) heart failure (HF) hospitalization by age
group
(CI=confidence interval; HR=hazard ratio)
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Figure 3.
Association between older age and all-cause mortality in subgroups of propensity score
matched patients in BEST trial
(ACE=angiotensin-converting enzyme; CAD=coronary artery disease; CI=confidence
interval; HR=hazard ratio)
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