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Abstract

Background—Comorbidities impact outcomes in heart failure with reduced ejection fraction
(HFrEF). However, the effect of age on the impact of comorbidities on prognosis is not clearly
understood.

Objectives—Examine whether age modifies the impact of key comorbidities on clinical
outcomes for patients with HFrEF.

Methods—Cox proportional hazards models assessed interactions between age and
comorbidities on the primary composite end point (all-cause mortality or hospitalization) and
secondary endpoints in the Heart Failure: A Controlled Trial Investigating Outcomes of Exercise
Training (HF-ACTION) multicenter trial of 2,331 patients with HFrEF.

Results—Age didn’t significantly modify the effect of any comorbidity on the primary endpoint.
However, age significantly modified the effect of body mass index (BMI) on all-cause mortality
(interaction p=0.02). Among patients >70 years, there was a U-shaped relationship between BMI
and 1-year mortality: BMI=20, 17.6%; BMI=30, 7.0%; and BMI=40, 11.0%. For patients <60
years, mortality increased non-significantly from 3.2% to 3.7% with increasing BMI. Age also
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modified the effect of depressive symptoms on all-cause mortality (interaction p=0.03). Among
patients =70 years, 1-year mortality rate significantly increased from 7.8% for Beck Depression
Inventory (BDI) score =5 to 15.6% for BDI = 20. For patients <60 years, mortality was non-
significantly related to BDI. Cumulative comorbidity score was a stronger predictor than age for
mortality/hospitalization.

Conclusions—In chronic HFrEF, age markedly altered the impact of BMI and depressive
symptoms on all-cause mortality, with much higher risk in older patients, but was not as strong a
predictor of mortality/hospitalizations as cumulative comorbidity score.

Condensed Abstract

The effect of age on the impact of comorbidities on clinical outcomes in patients with chronic,
stable HFrEF is not well defined. This study demonstrates the importance of age and specific
comorbidities on clinical outcomes in a large cohort of HFrEF patients. The effect of
comorbidities on the primary endpoint was not modified by age. BMI was found to have a U-
shaped relationship in older patients with HFrEF, with greater risk of mortality and hospitalization
at the extremes of BMI. Depression also increased mortality in older patients with HFrEF.
Cumulative comorbidity score was a strong predictor of mortality/hospitalizations.

Keywords
heart failure with reduced ejection fraction; comorbidities; age; body mass index; depression

Introduction

As the US population ages, prevalence of heart failure (HF) is increasing (1). Prognosis is
poor, even in younger adults with HF, and it continues to worsen as patient age advances (2).
Both cardiac and non-cardiac comorbidities are more common in older HF patients; and are
associated with diminished quality of life, increased adverse events; and greater
management complexity (3-5). The presence of multiple comorbid conditions has become
increasingly recognized as relevant to chronic HF outcomes care (6), including greater risk
of mortality and hospitalization (7). A recent study of hospitalized HF patients showed that
the number of comorbidities also corresponded to longer hospitalization as well as greater
in-hospital mortality, 30-day readmission and all-cause mortality (8). Though a component
of increased risk of mortality and hospitalization is likely attributable to age itself, we
hypothesized that certain comorbidities also contribute to vulnerability. To better understand
the relationship between age and comorbidities on clinical endpoints in adults with chronic
HF, we used data from Heart Failure: A Controlled Trial Investigating Outcomes of Exercise
Training (HF-ACTION). Using this population of ambulatory patients with chronic, stable
HF and reduced ejection fraction (HFrEF), we evaluated whether age modifies the impact of
specific comorbidities or a cumulative comorbidity score on outcomes.
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The design, rationale and primary results of HF-ACTION have been published (9,10). In
brief, HF-ACTION was a multicenter, randomized controlled trial designed to test the long-
term efficacy and safety of exercise training in patients with chronic, stable HFrEF. Patients
were recruited from 82 clinical centers in the United States, Canada and France; 2331 were
enrolled and randomized to aerobic exercise training or usual care in the presence of
guideline-directed medical therapy. The patient population included medically stable
outpatients with HF and left ventricular ejection fraction (LVEF) <35% and New York Heart
Association (NYHA) functional class Il to IV symptoms with at least 6 weeks of guideline-
based medical therapy. Exclusion criteria included inability to exercise, patients already
exercising regularly or having experienced a major cardiovascular event in the past 6 weeks.
Baseline exercise capacity was measured by cardiopulmonary exercise (CPX) test and 6-
minute walk distance (6MWD). The exercise training consisted of 36 supervised sessions of
aerobic exercise (treadmill walking or stationary biking) followed by unsupervised, home-
based training five or more times per week for an additional two years. Median follow-up
was 30 months. The institutional review board or ethics committee for each center approved
the protocol, and patients provided written informed consent.

Definitions of Age Groups and Comorbidities

For the present analysis, age groups were defined as <60 years, 60-69 years and =70 years
for descriptive purposes. Body mass index (BMI) and key comorbidities assessed at baseline
in the HF-ACTION trial were analyzed, including ischemic heart disease, hypertension,
peripheral vascular disease, atrial fibrillation and/or flutter (Afib), diabetes mellitus, chronic
obstructive pulmonary disease (COPD), anemia, chronic kidney disease (CKD) and
depression. Ascertainment of comorbidities was based on physician/coordinator assessment
from a predetermined group of candidate comorbidities and medical history at the time of
baseline evaluation. Comorbidity definitions are included in the Supplement.

Clinical Endpoints

The primary endpoint of HF-ACTION was a composite of all-cause mortality or all-
hospitalization. Secondary endpoints included all-cause mortality and the composite of
cardiovascular mortality or HF hospitalization. Blinding was not possible due to the nature
of the intervention; however, a blinded clinical events committee adjudicated events of death
and cardiovascular hospitalization. Once a patient had a confirmed HF hospitalization, no
future hospitalizations were adjudicated for that patient.

Statistical Analysis

All randomized patients (N = 2331) randomized were included in this analysis.
Sociodemographic and clinical characteristics, comorbidities, exercise performance
measures and clinical endpoints are presented by age group (<60, 60-69 and =70 years).
Categorical variables are summarized as frequencies and percentages while continuous
variables are described with median and quartiles. To test differences between age groups,
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the chi-square test was used for categorical variables while the Krushkal-Wallis test was
used for continuous variables.

The relationships between age as a continuous variable and clinical endpoints were assessed
using restricted cubic splines. A similar approach was used for comorbidities measured on a
continuous scale. Age was truncated from below at age 60, i.e. all patients 60 and younger
were assigned the same risk, and the estimated glomerular filtration rate (eGFR) was
truncated from above at 90 mL/min/1.73mZ.

The association of each comorbidity on primary and secondary clinical endpoints was
assessed using Cox proportional hazard models with robust variance estimators to protect
the type | error against departures from the proportional hazards assumption (11). The
interaction of each comorbidity with age as a continuous variable was tested using the Wald
test in each model over total follow-up. For categorical comorbidities with an interaction p-
value <0.10, separate hazard ratios were calculated for age intervals (<60, 60-69, =70
years). For continuous comorbidities with an interaction p-value <0.10, descriptive spline
plots with three knots (at the 10t, 50t 90t percentiles of the continuous comorbidity) were
drawn for the different age intervals. Linearity of non-monotonic splines was tested using
the Wald test. We tested monotonicity using the Wald test for the corresponding slope
coefficient. A cumulative comorbidity score was calculated as the sum of the nine
comorbidities, excluding anemia because assessment was missing in 24% of participants.
For the score, depression was dichotomized at a Beck inventory score = 19, which is the
cutoff for moderate-to-severe depression (12). Chronic kidney disease was dichotomized at
an eGFR = 60 mL/min/1.73m2, which is the cutoff for mild reduction in kidney function
(13).

Analyses were performed with SAS version 9.4 or R version 3.4.2 (14) including the
survival and rms packages. No imputation was performed. Statistical significance was
defined as a 2-tailed p <0.05 with no correction for multiple comparisons.

Table 1 provides baseline characteristics stratified by age group. The median age was 59
years. Male sex and white race were more prevalent with age. Median LVEF was not
significantly different across age groups; however, older patients had significantly worse
NYHA symptom class.

The prevalence of ischemic heart disease, hypertension, peripheral vascular disease, Afib,
COPD, anemia, and CKD were all greater in older groups (all p<0.0001). Median BMI was
29.9 and was significantly lower in older groups. Moderate or severe depression was less
prevalent in the older groups.

Baseline CPX test duration and 6MWD were both significantly lower in the older groups.
With increased age, a slightly lower percentage of patients were on beta-blockers at the time
of randomization; yet, the overall use was very high (>90%). ACE inhibitor and MRA use
were higher in younger patients while ARB use was higher in older patients.
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Clinical Outcomes

In Table 2, outcome measures stratified by age are reported as one-year event rates. The one-
year rate for the primary endpoint of all-cause mortality or all-cause hospitalization was
39.2% in patients <60, 41.9% in those 60—-69 and 49.0% in those >70 years (p<0.0001). For
the key secondary endpoint of all-cause mortality, the one-year rates were 3.4% for patients
<60 compared to 4.3% in the 60-69 group and 9.6% in those =70, respectively (p<0.0001).
Cardiovascular mortality or HF hospitalization at one-year was highest in patients >70 years
at 20.0% (p<0.0001).

Interaction Between Age and Comorbidities

Table 3 shows interaction analyses for the primary endpoint by comorbidity status. None of
the specified comorbidities had significant interactions with age although there were trends
for BMI (interaction p-value=0.10) and Afib (interaction p-value=0.07). For BMI (Figure
1A) there was a significant (p=0.009) U-shaped relationship between BMI and the one-year
primary endpoint rate in patients =70 years: a BMI=20 corresponded to a rate of 58%, a
BMI=30, a rate of 45%, and a BMI=40, a rate of 58%. In contrast, for patients aged 60-69
years, as BMI increased from 20 to 40, the primary event rate non-significantly changed
from 42% to 39% (p=0.56 for the BMI slope coefficient). For patients aged <60 years, the
event rate increased from 32% to 43% (p=0.0006 for the BMI slope coefficient). The
relationship between age and Afib on the primary outcome is shown in Figure 1B. As seen
in Table 3, the relative impact of Afib on outcome was least prominent in the group =70
years.

For the secondary outcome of all-cause mortality (Table 4), age had significant interactions
with BMI, hypertension and depression. For BMI (Figure 1C) there was a significant
(p=0.0001) U-shaped relationship between BMI and one-year mortality for patients >70
years: BMI=20, 17.6%, BMI=30, 7.0%, and BMI=40, 11.0%. In contrast, the mortality rate
was essentially flat across BMI for the 2 younger groups. Higher levels of depressive
symptoms as measured by the Beck Depression Inventory (BDI) were associated with
greater mortality risk in older patients (interaction p-value=0.03, Figure 1D); for patients
>70 years, the rate increased from 7.8% for a BDI score=5 to 15.6% for BDI=20 (p=0.0002
for the BDI slope coefficient). In contrast, depressive symptoms were unrelated to mortality
in the 2 younger groups.

For the secondary endpoint of cardiovascular mortality and HF hospitalization
(Supplementary Table 1), there were significant interactions between age and BMI, ischemic
heart disease, and kidney function. For the relationship between BMI and the one-year
endpoint (Figure 2) there was a significant (p=0.005) U-shaped relationship in patients =70
years: BMI=20, 29%, BMI=30, 17%, and BMI=40, 24%. In contrast, for patients aged 60—
69 years, as BMI increased from 20 to 40, the primary event rate non-significantly changed
from 13.0% to 11.6% (p=0.57 for the BMI slope coefficient). For patients aged <60 years,
the event rate increased from 12.0% to 16.33% (p=0.002 for the BMI slope coefficient).
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Cumulative Comorbidity Risk Model

There were no significant differential associations between age and the cumulative
comorbidity score for any of the clinical endpoints. Table 5A shows the model for impact of
the cumulative comorbidity score, age, gender and CPX duration on the primary composite
endpoint. CPX-determined exercise duration was the strongest predictor of the primary
outcome; for every additional minute, there was a 9% lower risk for the primary endpoint.
Age had a non-significant HR= 1.01 per 5 years. The c-index for the model including
comorbidity score, age, sex and CPX duration was 0.619. Removing CPX duration led to a
fairly large reduction in the model c-index to 0.577. The Central Illustration shows the
probability of the primary outcome stratified by number of comorbidities, with greater risk
in patients with 4-8 comorbidities, followed by those with 2—-3 and 0-1, respectively
(logrank p<0.0001). Supplementary Figure 2A displays the addition of age group to the
number of comorbidities showing that the number of comorbidities drives the risk of the
primary outcome (p=0.0003 for age category; p<0.0001 for 0-3 vs. 4-8 comorbidities).

For the secondary outcome of all-cause mortality (Table 5B), CPX duration was the
strongest predictor; for every additional minute there was a 16% lower risk. The comorbidity
score had a non-significant HR of 1.06 per comorbidity, but gender was highly significant
with female sex associated with 48% less risk. Age was significantly associated with a 14%
greater risk for every 5 years. The c-index for the model including age, sex, comorbidity
score, and CPX duration was 0.707. The c-index for the model which omits exercise
duration was 0.637. Table 5C shows the model for the secondary endpoint of cardiovascular
mortality or heart failure hospitalization with CPX again as the strongest predictor.

Discussion

Older patients with HFrEF have higher rates of adverse clinical outcomes, and have far more
comorbidities than younger individuals. We examined the impact of age and specific
comorbidities on clinical outcomes in a large cohort of chronic, stable HFrEF patients. In
models including CPX duration, sex, and the cumulative comorbidity score, age remained an
independent predictor of all-cause mortality, but not of the composite primary endpoint of
all-cause mortality or hospitalization. Conversely, the cumulative comorbidity score was an
independent predictor of all-cause mortality or hospitalization, but not of mortality. Age
significantly impacted the effect of BMI and depression on outcomes. In older patients with
HFrEF, there was a U-shaped relationship between BMI and risk of all-cause mortality, and
presence of depression also contributed to a greater risk. For older patients the extremes of
BMI, ischemic heart disease and lower eGFR contributed a greater risk of cardiovascular
mortality or HF hospitalization. These results provide key insights regarding the
interrelationships between comorbidities and HF outcomes (7,8) and provide an evidence-
based rationale to prioritizing attention to specific comorbidities in the management of HF
patients.

The present data suggest that the impact of comorbidities on outcomes differs depending on
age. Specifically, there were significant differences in the relation between BMI or
depression and all-cause mortality depending on age. Our data reinforce growing awareness
and insights regarding the management of HF patients inherently prone to multimorbidity
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and complexity of care, particularly in older individuals. While multimorbidity is a
challenge of older adults in general, HF patients may be particularly vulnerable, as comorbid
diseases contribute to HF pathophysiology, and also have the potential to overwhelm limited
cardiovascular reserves (15).

These data from the HF-ACTION trial of a large cohort of chronic, stable HFrEF patients
highlight the characteristics and multiple comorbidities of older patients with HF, in whom
the disease is most prevalent (16). Older patients had higher NYHA class and much greater
prevalence of nearly all major comorbidities. This is consistent with prior studies describing
the large burden of comorbidities in older patients with HF (4,17) and extends previous
observations by demonstrating the effect of individual comorbidities across age groups. In
our population, the proportion of patients with diabetes was greatest in patients aged 60-69
compared to those <60 or =70 years. Moderate or severe depressive symptoms were less
prevalent in the older age groups, and BMI was significantly lower with age. These age-
specific prevalence estimates provide a detailed characterization of comorbidities across age
groups in patients with chronic, stable HFrEF.

Our results also provide insight into the interrelationship between the complexity of BMI
and HF outcomes (18,19). Our data are consistent with prior studies showing greater rates of
adverse clinical outcomes in HF patients with both very low and very high BMI (20-22).
This U-shaped relationship in older patients held across all three clinical outcomes we
examined. These data are similar to findings in patients with HF with preserved ejection
fraction (HFpEF), in whom a U-shaped relationship for BMI and clinical outcomes was also
found (23). Our data extend these prior findings by showing that older age significantly
magnifies the relationship between BMI and poor outcomes, but provide contrast to the
obesity paradox as BMI was not protective for younger HFrEF patients who have higher risk
with increasing BMI. Obesity not only increases risk of incident HF, but also increases the
risk of developing further comorbidities, adding complexity to the U-shape (24). A
systematic review found improved outcomes in obese patients with HF compared to their
normal weight counterparts, but patients with extreme obesity (BMI >40) had worse
outcomes (25). The results of this study extend the existing literature showing increased risk
in elderly patients with chronic, stable HFrEF at the extremes of BMI (26,27).

Depression is common in older adults and its prevalence and severity increases with age
(28). In patients with HF it is under-diagnosed and under-treated (27,29). Studies have
reported rates of major depression in hospitalized patients with HF to be 17-37% (30). For
some patients, HF symptoms and other comorbidities may worsen depression, in turn
leading to further inactivity and reduced medication adherence. The data for the older
patients in this study are consistent with previous findings showing that a history of
depression correlates with greater all-cause mortality in patients with HFrEF (31). In a
prospective cohort study of 662 patients hospitalized with HF, depression was an
independent risk factor for all-cause mortality over up to twenty years of follow-up (32).
This study expands upon the previously available data showing that older age magnifies the
relationship of depression with adverse outcomes in patients with chronic HFrEF.
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Frailty was not directly measured in our study but is certainly relevant to the care of HF
patients and there is overlap with certain comorbidities (33). Consideration should be given
to the overlap between abnormal BMI and frailty as well as that fact that items within the
BDI may be shared with depression, heart failure symptoms and frailty. Frailty has been
associated with a number of comorbidities, though some patients were still at risk for frailty
in the absence of comorbidities and the authors suggested sarcopenia as a potential
contributor (34). These prior data and the findings of the current study, suggest that all
patients with heart failure, particularly those at the extremes of BMI and with symptoms of
depression, be screened for frailty. Particularly, patients over 70 may benefit from a
comprehensive geriatric assessment.

Our model that included cumulative comorbidity score, age, gender and CPX duration
showed that for every additional comorbidity, there was an average of 9% greater risk of the
primary endpoint of all-cause mortality or hospitalization. This is similar to data from the
Get with the Guidelines registry, which described increased risk of in-hospital mortality and
30-day mortality with additional comorbidities in hospitalized patients with HF (8).
Consistent with a previously published model from the HF-ACTION trial, shorter exercise
duration was a strong predictor of increased risk (31). Since age was strongly negatively
correlated with CPX duration, age did not contribute significant additional prognostic value
for the primary endpoint in that model. The finding that cumulative comorbidity score was
not independently predictive of all-cause mortality is consistent with data from the
Kungsholmen Project where 2 or more comorbidities were associated with disability but not
mortality (35).

The current study has some limitations. Ascertainment of comorbidities was based on
physician/coordinator assessment from a predetermined group of candidate comorbidities.
These data are hypothesis generating and need validation in other datasets to support broader
generalizability. Comorbidities such as cognitive dysfunction and a complete assessment of
frailty are relevant to the elderly HF population, but were not measured in this study.
Patients may under-report depressive symptoms, and change in depressive symptoms was
not tracked over time. There was likely treatment heterogeneity for depression, and data
were not stratified by modality of depression treatment. In our model for predicting the
primary outcome, the c-index is lower than those published in previous models, likely
related to the challenges in predicting hospitalization and the limited number of covariates
we included compared to prior studies with more robust c-indexes (36,37).

Conclusion

In older HFrEF patients, BMI and depressive symptoms appear to have disproportionately
greater impact, and the cumulative effect of comorbidities is a very important predictor of
all-cause mortality or all-cause hospitalization. Specifically, in older patients, BMI displayed
a U-shaped curve on outcomes, with greater risk at the extremes of low and high BMI;
higher depression score was associated with greater risk of all-cause mortality. These
findings highlight that the comorbidity profiles of patients with HF are typically more severe
in older adults and that specific comorbidities may have differential prognostic significance
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as a function of age. Future studies are needed to determine if outcomes in older patients
with HFrEF can be improved by treating these specific comorbidities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Perspectives
Core Clinical Competencies

In older patients with chronic, stable HFrEF there was a U-shaped relationship between
BMI and increased mortality, and there was a significant impact of depression on
mortality. A cumulative comorbidity score was a stronger predictor than age for all-cause
mortality or hospitalization.

Translational Outlook

The greater role of BMI and depression on prognosis in older adults with HFrEF warrants
additional studies to determine whether modifying these factors favorably affects the
prognosis of these vulnerable patients.
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Figure 1. Interaction of age and comorbidities on of all-cause mortality or all-hospitalization and
all-cause mortality

Displayed are curves for event probability for patients aged <60, 60-69 or =70 y. A) One-
year probability of all-cause mortality or all-cause hospitalization by BMI and age. B)
Kaplan-Meier event curves for all-cause mortality or all-cause hospitalization categorized by
the presence or absence of Afib and age group. C) One-year all-cause mortality by BMI and
age. D) One-year all-cause mortality by Beck Depression Inventory and age.
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Figure 2. One-Year Cardiovascular mortality or HF hospitalization by BMI and age
Displayed is the one-year event probability of the secondary outcome of cardiovascular

mortality or HF hospitalization by BMI and age. Shown are curves of event probability by
BMI with each curve representing patients aged <60, 60-69 or =70 y.
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Central Illustration. Impact of cumulative number of comorbidities on all-cause mortality or all-
hospitalization

Patients with chronic stable HFrEF who had a greater number of cumulative comorbidities
had greater risk of adverse clinical outcomes with 9% greater risk per comorbidity.
Displayed are Kaplan-Meier event curves for the primary outcome of all-cause mortality or
all-cause hospitalization categorized by number of comorbidities. Patients were split into 0—
1 (n=385), 2-3 (n=969), and 4-8 (n=713) comorbidities.
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