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Abstract

Obesity is common in heart failure (HF) and associated with improved outcomes, often termed the
“obesity paradox”. Although fat distribution varies by sex, the role of obesity in the outcomes of
women compared to men with HF has not been well-studied. In a cohort of advanced systolic HF
patients followed at a single university center, 2718 patients had body mass index (BMI) measured
at baseline and 469 HF patients had waist circumference (WC) measured at baseline. Elevated
BMI was defined as =25 kg/m2. High WC was defined as =88 cm in women and =102 c¢m in men.
The primary outcome was death, urgent heart transplant, or ventricular assist device placement.
Mean age was 53.0 + 12.4, 25% of subjects were women, and LVEF was 22.9 + 7.19. In men, 2-
year event-free survival was better for high vs. normal BMI (63.2 vs. 53.5% p<0.001) and for high
vs. normal WC (78.8% vs. 63.1%, p=0.01). In women, 2-year event-free survival was better in
elevated vs. normal BMI groups (67.1% vs. 56.6%, p=0.01), but similar in WC groups. In
multivariate analyses, normal BMI and normal WC were associated with higher risk of primary
outcome in both men (BMI 1.34, WC 2.02) and women (BMI 1.38, WC 2.99). In advanced HF,
high BMI and WC were associated with improved outcomes in both sexes. Further investigation
of the interaction between body composition and sex in HF outcomes is warranted.
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Introduction

Heart failure (HF) affects 5.8 million individuals in the United States, including over 2.5
million women.1 Approximately one-half to two-thirds of HF patients are overweight or
obese?. Obesity, quantified by anthropometric indices such body mass index (BMI) and
waist circumference (WC), is associated with improved outcomes in HF, which has often
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been termed “the obesity paradox”.3-> While fat distribution is known to vary by sex, the
role of obesity in the outcomes of women compared to men with HF has not been well-
studied. The primary aims of this study were to 1) assess the relationship between BMI and
outcomes in men compared to women with HF and 2) assess the relationship between WC
and outcomes in men and women with HF.

A total of 4089 patients were referred to a single university medical center for HF
management and heart transplant evaluation between January 1983 and October 2011. All
subjects were followed in a comprehensive HF management program as previously
described.” For the purposes of this study, patients were grouped into BMI and WC cohorts,
which were not mutually exclusive. Since WC was only measured starting in May 2006,
only 613 patients had WC measurements for inclusion in the WC group. Patients with left
ventricular ejection fraction (LVEF) >40% (n=442) were excluded. Those without height or
weight recorded (n=796) at time of initial evaluation were excluded from the BMI group.
Furthermore, since underweight HF patients may have “cardiac cachexia,” known to be
associated with worse prognosis, those classified as underweight (BMI <18.5 kg/m?2, n=133)
were excluded as well.89 Thus, the final study group consisted of 2718 BMI subjects (BMI
cohort) and 469 WC subjects (WC cohort). Medical record review was approved by the
Medical Institutional Review Board of the University of California—Los Angeles.

Height was recorded at the time of initial referral or at subsequent clinic visits. WC and
body weight were measured at time of initial referral or within three months unless patients
were deemed by physicians to be hypervolemic. In hypervolemic patients, WC and weight
were recorded after hemodynamic optimization in order to remove the confounding effects
of edema on these measurements. WC was measured at the midpoint between the lowest rib
and the iliac crest; patients were classified as high or normal WC based on sex-specific
thresholds for increased cardiometabolic risk (high WC in women =88 cm, men =102 cm).10
Patients were divided into BMI categories based on World Health Organization/National
Institutes of Health guidelines: underweight (BMI <18.5 kg/m? [excluded from study
cohort]), healthy weight (BMI 18.5-24.9 kg/m?), overweight (BMI 25-29.9 kg/m?) and
obese (BMI 230.0 kg/m2).® Hemodynamic parameters and medical treatments were also
recorded after invasive hemodynamic monitoring using Swan-Ganz catheterization, when
necessary. Laboratory testing, echocardiography, and cardiopulmonary exercise tests all
occurred within three months of the initial referral. Past medical history was extracted from
medical record review.

Death, urgent status IA heart transplant (UT), or ventricular assist device (VAD) placement
was the primary end point in this study. UT (status 1A) and VAD placement were analyzed
as HF death under the assumption that these patients would have died without an
intervention.11.12 Death rather than UT or VAD implantation represented the majority of
events (83%). Non-urgent transplants were censored and considered as nonfatal at the end of
follow-up. All cause mortality was analyzed as a secondary endpoint.

For purposes of analysis, we stratified each cohort by sex and then considered two BMI
groups: normal BMI (healthy weight; BMI 18.5-24.9 kg/m?2) and high BMI (overweight and
obese; BMI =25.0 kg/m?) and two WC groups: normal WC (WC in women <88 cm, men
<102 cm) and high WC (WC in women =88 cm, men =102 cm). Actuarial survival curves
for the male and female WC and BMI groups were calculated using the Kaplan-Meier
estimate, and differences between curves were calculated using the log-rank statistic.
Univariate survival analyses were performed with the likelihood ratio test, using the Cox
model for baseline variables of WC and BMI. Multivariate analysis adjusting for known
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predictors in HF including sex, diabetes history, LVEF, HF etiology, and New York Heart
Association (NYHA) class was performed by Cox proportional hazards regression analysis
to estimate adjusted odds ratios and 95% confidence intervals for potential predictors of
survival. The Cox model retained all independent variables with p<0.15. Statistics were
calculated using the SPSS version 19.0 statistical package (IBM, Somers, NY).

The BMI and WC cohorts shared similar baseline characteristics: both were approximately
three-quarters male, and similar in terms of age, LVEF, WC, BMI, and prevalence of
ischemic heart disease. Patients in the WC cohort were more likely to be managed with an
aldosterone antagonist (60.0% versus 37.1%) and beta blocker (94.5% versus 57.3%), a
difference attributable to changes in HF management practices between 1982 (when we
began gathering BMI data) and 2006 (when we started to measure WC).

The baseline characteristics of the BMI and WC cohorts when stratified by sex are
summarized in Table 1. Male sex was associated with higher WC, higher BMI, older age,
ischemic etiology, and history of smoking in both BMI and WC cohorts. The baseline
characteristics of the subject groups when stratified by both sex and high vs. normal BMI or
WC are shown in Table 2. In both men and women, higher BMI was associated with
younger age, increased peak oxygen consumption, increased prevalence of diabetes and
smoking history, and decreased HDL.

During two years of follow-up, 550 deaths, 379 UTs, and 59 VAD placements occurred in
the BMI cohort, with 396 deaths, 322 UTs, and 50 VAD placements occurring in the first
year. Of the total deaths, 144 were sudden, 187 were progressive HF deaths, 47 were
multisystem organ failure, 9 were myocardial infarctions, and 163 were from unknown or
other causes. In the WC cohort, 53 deaths, 35 UTs, and 4 VAD placements occurred, with
35 deaths, 29 UTs, and 2 VAD placements occurring in the first year. Of the total deaths, 8
were sudden, 21 were progressive HF deaths, 6 were multisystem organ failure, 1 was a
myocardial infarction, and 17 were from unknown or other causes.

Outcomes were similar between men and women in both the BMI and WC cohorts. Overall
survival free from death / UT / VAD for the BMI cohort at 2 years was 59.3% in men and
62.9% in women (p=0.2). Overall survival free from death / UT / VAD for the WC cohort at
2 years was 70.8% in men and 79.0% in women (p=0.08).

In men, both higher BMI and higher WC were associated with event-free survival (Table 3,
Figure 1a and 1b). In women, higher BMI was associated with improved event-free survival
(Table 3, Figure 1¢). Women with high WC had a trend towards improved outcomes (Table
3, Figure 1d). There was not significant heterogeneity between high vs. normal WC
outcomes comparing strata of men vs. women (p=0.06). For both men and women, higher
BMI and WC were also associated with the secondary endpoint of improved survival free
from all-cause mortality, although this finding was not significant for women with high WC
(data not shown).

Multivariable analyses adjusting for LVEF, diabetes, NYHA, and HF etiology in cohorts of
men and women were performed. On multivariable analysis, both men and women with
normal WC and normal BMI were at substantially higher risk of adverse outcomes. Normal
BMI compared to high BMI was associated with significantly worsened outcomes in both
male and female cohorts, with 34% and 38% higher risk, respectively. Furthermore,
multivariable analysis revealed normal WC compared to high WC also to be associated with
higher risk of death / UT/ VAD in both sexes, with approximately doubling of risk in men
and tripling of risk in women (Table 3).
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Discussion

In our study of patients with advanced systolic HF, obesity as indexed by high BMI and high
WC was associated with better outcomes in both men and women. Although in our female
cohort the association between high WC and improved outcomes was not statistically
significant, a trend towards improved outcomes was seen, without significant heterogeneity
between the male and female cohorts. This finding was likely due to the smaller number of
female subjects in this study; however, this is an area that deserves further investigation. To
our knowledge, our study is the first to specifically demonstrate that the obesity paradox in
terms of both BMI and WC is applicable to both men and women with HF.

Because systolic HF is more common in men, women make up only 28% of subjects in
recent HF clinical trials.1-13.14 This selection bias extends into studies of the obesity paradox
in HF, where women may be as little as 13 percent of a study population or the sex of
participants may not even been reported.141°

BMI is a surrogate measure of body fat and may also reflect lean body mass, while WC may
most accurately measure visceral adiposity.10:16 The addition of WC to BMI thus predicts a
greater variance in health risk than does BMI alone in general medical practice.1”.1 BMI
and WC have previously been identified as more strongly associated with cardiovascular
morbidity and mortality in men than women — perhaps because women have less visceral fat
overall.219.20 Metrics such as cardiopulmonary fitness have been suggested as better
predictors than obesity of other types of CV risk in women?l, Men generally store excessive
fat in a visceral distribution, while women store fat in a peripheral subcutaneous
distribution?2. These differences have been shown to persist even after menopause, to a
lesser degree.23:24 Visceral fat is associated with “adiposopathy”: existing fat cells
hypertrophy and the local tissue environment may change, including increased circulating
free fatty acids, tissue hypoxia, and inflammatory and immune response cascades. 2°

Multiple competing and complimentary explanations have been proposed for the obesity
paradox observed in HF populations. HF is a catabolic state and cachexia is associated with
a poorer prognosis.® Obesity may represent the other end of the same spectrum, where
patients benefit from increased muscle mass and/or increased metabolic reserve in the form
of fatty tissue26. The increased levels of serum lipoproteins associated with increased body
fat may play an anti-inflammatory role, neutralizing circulating bacterial endotoxins or
cytokines.2’” Other studies have shown that low adiponectin levels and a decreased
catecholamine response, both of which are seen in obese individuals, are linked to improved
HF survival.28:29 Obese patients may also present at an early stage in their HF course due to
increased symptoms and functional impairment caused by excess body weight.*> The
present study suggests that these or other mechanisms are operative in both men and women
with HF.

Our study has several strengths. The study involves a single center, allowing for accurate
and thorough follow-up. We have eliminated the potential confounding variable of
edematous weight gain by using WC and BMI measurements recorded after therapy aimed
at hemodynamic optimization and euvolemia. Our research database includes numerous
demographic, laboratory, echocardiographic, and hemodynamic variables, permitting
detailed and adequately powered survival analysis and accounting for multiple potential
confounders. However, our study also has limitations. Our cohort of women is smaller than
our cohort of men, giving us relatively less power to detect differences in this group.
Furthermore, the “n” of our WC cohort was significantly smaller than the BMI cohort. This
was a selected group of patients referred for HF evaluation at a heart transplantation center
and evaluated retrospectively. WC criteria for the diagnosis of abdominal obesity are not
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applicable uniformly to all populations and ethnic groups3C. There is also no consensus on
an optimal site for measurement of WC. Furthermore, WC and BMI were assessed at
referral, a single point in time (time of referral), while the extent of adiposity and/or loss of
muscle mass may be an evolving process with progression of disease. We do not have direct
adiposity quantification or distribution measures such as dual-energy x-ray absorptiometry
(DEXA) or computed tomography. We also do not have data on cytokines, or adipokines,
which would have been helpful in understanding the pathophysiology behind our
observations. Residual measured or unmeasured confounding variables may influence some
or all of the findings.
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Survival at two years for the primary outcome of death/urgent heart transplant in men by
BMI (a) and WC (b) and in women by BMI (c) and WC (d).
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