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1 | INTRODUCTION

| Tamara B. Horwich?

Background: Studies have shown that higher body mass index (BMI) is associated with
improved prognosis in heart failure (HF), and this is often termed the obesity paradox.
Hypothesis: Analysis of body composition may reveal that muscle mass rather than adipose tis-
sue accounts for the obesity paradox.

Methods: Bioelectrical impedance analysis of body composition in 359 outpatients with HF was
performed using an In Body 520 body composition scale (Biospace Inc., California). Body fat and
lean mass were indexed by height (m?). The cohort was stratified by median fat and lean mass
indexed by height.

Results: The mean age of patients studied was 56 4 14; mean left ventricular ejection fraction
was 38 + 16%. Patients with higher indexed body fat mass had improved 5-year survival over
patients with lower indexed body fat mass (90.2% vs 80.1%, P = 0.008). There was also
improved survival in patients with high vs low indexed lean body mass (89.3% vs 80.9%,
P = 0.036). On multivariable analysis, higher indexed body fat mass, but not lean body mass,
was independently associated with improved survival (HR 0.89, per kg/m? increase in indexed
body fat mass, P = 0.044); however, this was attenuated after adjustment for diabetes. The
combination of low lean with low-fat mass was independently associated with poor prognosis.
Conclusions: Our data suggest that higher fat mass—and to a lesser extent higher lean mass—is
associated with improved outcomes in HF. Further investigations of specific components of

body composition and outcomes in HF are warranted.
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Although the obesity paradox has traditionally been described in

terms of BMI, the validity of BMI as a marker for obesity has been

According to the US National Health and Nutrition Examination Sur-
vey data, 39% of the US population is obese by body mass index
(BMI), and the distribution of BMI in the United States has drastically
shifted toward higher values in recent decades.’? Obesity has poten-
tially adverse effects on left ventricular structure/function, and is
associated with additional risk factors for heart failure (HF), including
hypertension and coronary artery disease. Thus, it is not surprising
then that HF incidence and prevalence is increased in overweight and
obese patients.®””

Although obesity is a risk factor for the development of HF,
higher BMI is associated with improved survival in patients with

established HF, and this has been termed the “obesity paradox”.8-1°

questioned, as it does not account for body composition, that is, dif-
ferences in lean and fat mass, or distribution of fat.*2

This study used bioelectrical impedance analysis (BIA) to assess
body composition in 359 chronic stable HF outpatients and assessed
the relationship between body composition, that is, lean body mass
(LBM) and body fat mass (BFM), and outcomes in HF. Our previous
study showed that higher waist circumference, which closely tracks
with visceral adiposity, is associated with better HF survival.*® Fur-
thermore, prior studies have suggested that higher fat-free mass or
lean appendicular mass are associated with improved outcomes in
HF.2*15 Thus, we hypothesized that both increased LBM indexed to
height and increased BFM indexed to height would be independently
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associated with better outcomes in HF. To the best of our knowledge,
this type of analysis of body composition is among the first studies of
this kind in outpatients with HF.

2 | METHODS

The study was composed of consecutive outpatients referred to the
Ahmanson-University of California, Los Angeles (UCLA) Cardiomyopa-
thy Center from 2011 to 2014 who underwent BIA. Subjects were
followed in a comprehensive HF management program, as previously
described.*® Medical record review was approved by the Medical
Institutional Review Board of the UCLA.

The assessment of body composition with the InBody 520 body
composition analyzer occurred either during the time of initial referral
or at subsequent clinic visits. Laboratory testing and echocardiography
occurred at time of initial referral or within the first 3 months of the
initial referral. Medical history was extracted from medical record

review.

21 |

BIA was performed with the InBody 520 device (Biospace Inc., Cali-

Bioelectrical impedance analysis

fornia), which performs 15 impedance measurements per patient, by
measuring conductance of electrical current across five body seg-
ments (legs, arms, and trunk) at three frequencies each (5, 50, and
500 kHz).*” The accuracy of body composition measurement in obese
populations using single frequency BIA had previously been called into
question, as the hyper-hydrated status of obese individuals may vio-
late the assumption used in BIA that water accounts for 60% of body
mass in healthy adults. The InBody 520 skirts these concerns as a
multi-frequency, multi-segmental bioelectrical impedance instrument;
measurements at 5, 50, and 500 kHz have been found to yield evalua-
tions of total body water, intracellular and extracellular water in obese
populations comparable to those given by Dual Energy X-ray Absorp-
tiometry (DEXA).181? Patients with pacemakers and implantable defi-
brillators were included in the study, based on our prior research,
which determined use of the InBody 520 to be safe for these
patients.2®

BFM (kg) and LBM (kg) were obtained from BIA. Body fat mass
index (BFMi) and lean body mass index (LBMi) were calculated by
dividing the subjects' BFM or LBM in kg by the square of the subject's
height in meters. BFMi and LBMi were analyzed both as continuous
variables and categorical variables, stratified by their median values
within the overall cohort; median BFMi and LBMi were 8.2 and
19.1 kg/m?, respectively. Low BFMi was defined as <8.2 kg/m?
and high BFMi as >8.2 kg/m?. Low LBMi was defined as <19.1 kg/m?
and high as >19.1 kg/m? We also created the following four catego-
ries of body composition based on the aforementioned median
thresholds: a combination of low LBMi/LBFMi, low LBMi/high
BFMi, high LBMi/low BFMi and high LBMi/BFMi. BMI was calcu-
lated using reported weight and height, with high BMI defined as
BMI > 24.99 kg/m>.

2.2 | Statistical analysis

Death was the primary endpoint in this study. Patients were censored
at time of heart transplant or ventricular assist device. Survival curves
were calculated using Kaplan-Meier estimates, and differences
between curves were calculated using log-rank statistics. Univariate
survival analyses were performed with the likelihood ratio test, using
the Cox model for baseline variables of BFMi and LBMi separately,
and also the combination four-variable categorical variable. Given the
small sample size and limited number of events, limited multivariate
analysis adjusting for known predictors in HF including age, gender,
BNP, left ventricular ejection fraction (LVEF), and in a second model
diabetes, was performed. Body composition variables were analyzed
both as categorical and continuous variables. BNP was transformed to
INBNP because of its skewed distribution. The Cox model retained all
independent variables with P-values <0.15. Statistical analyses were
performed using SPSS version 25.0 (IBM, Armonk, New York).

3 | RESULTS

The mean age of patients studied was 56 + 14 and the mean LVEF
was 38 + 16%. The baseline characteristics of the study population
stratified by median LBMi and BFMi are described in Table 1. Patients
with high BFMi were similar to those with low BFMi in terms of blood
pressure, LVEF, and cholesterol levels. Patients with high BFMi had
higher WC and were more likely to have diabetes and higher HbAlc
levels. High LBMi was associated with younger age, higher WC, and
male gender (Table 1). Subjects were also stratified by both BFMi and
LBMi for analysis of baseline characteristics (Supporting Information
Table S1).

Over the 5-year follow-up, there were 42 deaths and 37 trans-
plants/ventricular assist devices. Subjects in the high BFMi group had
significantly improved survival compared to subjects with low BFMi
(90.2% vs 80.1%, P = 0.008), with a univariate hazard ratio (HR) and
95% confidence interval (Cl) of 2.3 (1.2-4.5) (Figure 1). There was also
improved 5-year survival in patients with high LBMi when compared
to patients with low LBMi (89.3% vs 80.9%, P = 0.036); univariate HR
1.9 (1.0-3.7) (Figure 2). Five-year survival from death was also com-
pared in the four categories of body composition; patients with both
high LBMi and BFMi had the best 5-year outcomes; 5-year survival
was 76.2% in low LBMi and low BFMi patients, 86.3% in high LBMi
and low BFMi patients, 88.3% in the low LBMi and high BFMi group,
and 91.4% in the high LBMi and BFMi group (P across groups
=0.014) (Figure 3).

We then assessed survival by LBMi and BFMi, each one entered
separately in a multivariate model (Models 1a and1b), adjusting for
age, sex, LVEF, and B-type natriuretic peptide (BNP). Models 2a and
2b included all the variables of Models 1a and 1b with the addition of
the variable presence or absence of type 2 diabetes. On multivariable
analysis, higher BFMi was associated with improved survival while
LBMi was not independently associated with outcomes; after addition
of DM, the relationship between BFMi and survival was diminished.
BNP was the strongest predictor of outcomes in all models (Table 2).

On analysis of the four body composition categories, the combination
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TABLE1 Baseline characteristics of the total population, and the population stratified by body fat mass indexed to BSA (BFMi) and by lean body

mass indexed to BSA (LBMi)

Low BFMi High BFMi Low LBMi High LBMi

(= 8.2 kg/m?) (28.2 kg/m?) (£19.1kg/m?) (2 19.1 kg/m?)

(n = 182) (n = 175) P-value (n=179) (n = 180) P-value
BMI (kg/m?) 243 £ 35 323 £ 5.0 0.0001 249 +41 316 +£54 0.0001
Waist circumference (cm) 90.0 £ 13.5 109.5 + 12.9 0.0001 90.1 + 12.7 1084 + 14.5 0.0001
Percent body fat (%) 231+ 6.9 379 +£ 6.1 0.0001 302+ 9.7 30.7 + 0.640
Age (years) 56.2 + 15.2 55.5 + 125 0.561 58.0 + 15.2 53.8 + 12.2 0.003
Systolic blood pressure (mm Hg) 114 + 19 116 + 19 0.283 113 + 19 117 + 19 0.025
Heart rate (bpm) 71+ 13 74 + 15 0.111 73 £ 15 72 + 13 0.659
LVEF (%) 38 + 16 35+ 16 0.147 38 + 16 34 + 16 0.041
Left ventricular end diastolic dimension 55 + 13 60 + 13 0.003 54 + 12 61 + 13 0.0001

(mm)

Creatinine (mg/dL) 13+15 12 £06 0.269 13+ 15 1.2+ 05 0.232
Total cholesterol (mg/dL) 160 + 45 157 + 42 0.607 160 + 45 157 + 42 0.596
B-type natriuretic peptide (pg/mL) 175 (52-565) 109 (21-383) 0.025 187 (40-584) 117 (30-307) 0.032
HbA1c (%) 58+ 1.3 6.9 + 22 0.001 61+138 6.7 + 19 0.075
Diabetes (%) 17.8 30.6 0.005 19.9 28.7 0.057
NYHA 1/2/3/4 29.7/41.3/26.1/ 2.9  11.8/49.3/34.6/44  0.005 46.0/32.4/2.9  48.0/28.1/44  0.559
Women (%) 27.5 27.7 0.964 46.9 8.3 0.0001

Abbreviations: BMI, body mass index, LVEF, left ventricular ejection fraction, HbA1lc, hemoglobin Alc, NYHA, New York Heart Association Class.

of low BFMi and low LBMi was significantly associated with 4-5x
increased risk of death compared to patients with both high BFMi and
LBMi. This association was seen in multivariable models both with
and without diabetes (HR of 4.67 [P = 0.02] and 4.15 [P = 0.04],
respectively). Higher BMI was also associated with improved out-

comes, similar in magnitude to BFMi (see Table S2).

4 | DISCUSSION

In our study, we demonstrated that mortality is inversely related with
BFMi in patients with established HF; higher BFM was independently
associated with improved survival. Higher LBM was also associated
with improved survival, although this finding was not significant in
multivariable analyses. Patients with both high fat and high lean mass

had the best outcomes.

High LBMi

0.96

Survival, %
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o

Low LBMi

0.86
0.80
0 10 20 30 40 50 60
Months
FIGURE 1 Kaplan-Meier survival curve for patients with high vs low

body fat mass indexed to BSA (BFMi)

4.1 | The obesity paradox and heart failure

Although elevated BMI is well established as a risk factor for HF, a
surprising relationship between BMI and outcomes in those with
established HF has been observed.® This counterintuitive epidemio-
logic association has now been termed the “obesity paradox,” and has
been well documented in numerous studies of HF patients as well as
other types of cardiovascular disease and other chronic disease
states.10-21-24

One potential explanation for the paradoxical link between obe-
sity and HF is the way that most studies have chosen to identify obe-
sity. For reasons of widespread acceptance and ease of use, BMI has
been used to identify overweight, obese, and morbidly obese patients.
However, the reliability of BMI as a true representation of adiposity
has been questioned.?* A limitation of previous studies investigating
the obesity paradox is a lack of full assessment or examination of body

composition in relation to survival. In a previous study by our group,
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FIGURE 2 Kaplan-Meier survival curve for patients with high vs low
lean body mass indexed to BSA (LBMi)
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FIGURE 3 Kaplan-Meier survival curve for four categories of body
composition: Low lean body mass indexed to height (LBMi) and low
body fat mass indexed to height (BFMi); low LBMi and high BFMi;
high LBMi and low BFMi; high LBMi and high BFMi

we showed that high waist circumference (WC), an alternative anthro-
pometric index of obesity more specific to abdominal adiposity, high
BMI, and the combination of high WC/high BMI were each associated

d13

with improved outcomes in the HF cohort studied.”™ Another study

investigated the complementary role of mid-upper arm circumference
(MUAC), as a surrogate for LBM, to BMI in risk stratification in HF and
found that those patients with low BMI but high MUAC carried a bet-
ter prognosis than those patients with low BMI and low MUAC.2¢
Similar studies investigating body composition and mortality in coro-
nary heart disease have estimated LBM and BFM by the sum of the
skin-fold method?%; this study also found that higher LBM and BFM
were associated with improved outcomes. Multiple recent review arti-
cles have synthesized existing evidence and explanations for an obe-

sity paradox in HF.2>2¢

4.2 | Body composition

BIA is a noninvasive method, albeit slightly more costly and less read-
ily available compared to more traditional methods (BMI and WC), to
evaluate changes in body composition. In a community-based study in
the United Kingdom, 1025 patients with chronic HF underwent BIA;
percent BF, fat mass, and fat-free mass were associated with
increased risk, and percent BF was a significant predictor of mortality

|14

in a multivariable model.”* Our study found BIA to be safe for use

TABLE 2 Cox regression multivariate model using BFMi and LBMi as categorical and continuous variables

BFMi or LBMi as categorical variables

BFMi or LBMi as continuous variables

HR 95% ClI P-value HR 95% ClI P-value

Model 1a

BFMi® 0.48 (1.00-5.27) 0.049 0.89 (0.79-1.00) 0.044
Female sex 1.77 (0.70-4.50) 0.70 1.76 (0.70-4.47) 0.23
Age (years) 0.51 (0.23-1.13) 0.10 0.56 (0.25-1.23) 0.15
LVEF (%) 0.69 (0.99-1.025) 0.69 1.00 (0.97-1.03) 0.77
InBNP 1.73 (1.21-2.47) 0.003 1.70 (1.20-2.41) 0.003
Model 1b

LBMiP 0.48 (0.87-5.05) 0.10 0.87 (0.73-1.03 0.11
Female sex 214 (0.82-5.57) 0.12 2.56 (0.88-7.44) 0.09
Age (years) 0.61 (0.27-1.39) 0.24 0.603 (0.27-1.37) 0.23
LVEF (%) 1.00 (0.97-1.02) 0.72 1.0 (0.97-1.03) 0.76
InBNP 1.64 (1.16-2.33) 0.005 1.60 (1.12-2.29) 0.01
Model 2a

BFMi® 0.49 (0.88-4.78) 0.10 0.90 (0.80-1.01) 0.08
Female sex 1.66 (0.63-4.39) 0.31 1.63 (0.62-4.27) 0.32
Age (years) 0.48 (0.20-1.14) 0.10 0.52 (0.21-1.25) 0.144
Diabetes 1.28 (0.50-3.31) 0.61 1.18 (0.46-1.06) 0.732
LVEF (%) 0.99 (0.96-1.02) 0.54 0.99 (0.96-1.02) 0.73
InBNP 1.72 (1.19-2.48) 0.004 1.68 (1.17-2.41) 0.73
Model 2b

LBMi® 0.47 (0.84-5.32) 0.11 0.89 (0.74-1.06) 0.20
Female sex 2.00 (0.74-5.36) 0.17 2.30 (0.74-7.13) 0.15
Age (years) 0.55 (0.22-1.35) 0.19 0.53 (0.22-1.32) 0.17
Diabetes 1.24 (0.48-3.20) 0.65 1.31 (0.51-3.40) 0.57
LVEF (%) 0.99 (0.96-1.02) 0.57 0.99 (0.96-1.02) 0.63
InBNP 1.63 (1.13-2.33) 0.008 1.61 (1.11-2.34) 0.01

Abbreviations: BFMi, body fat mass indexed; INnBNP, natural log of B-type natriuretic peptideLBMi, lean body mass indexed, LVEF, left ventricular ejection

fraction.

2 Low vs high for categorical, per unit increase for continuous.

b BFMi and LBMi were each entered into their own models separately, due to the high correlation between these two variables. Models 1a and 1b include
as variables sex, left ventricular ejection fraction, B-type natriuretic peptide, and age. Models 2a and 2b include all variables in Model 1 plus diabetes.
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with pacemakers and defibrillators, broadening its potential use in
advanced HF populations.?® Dual-energy X-ray absorptiometry
(DEXA) utilizes two low-level X-ray beams to develop estimates of
fat-free mass, fat mass, and bone mineral density.?”?® A recent study
found that low muscle mass as measured by DEXA predicted higher
rates of HF hospitalizations in the elderly.?®. Computed tomography
(CT) and magnetic resonance imaging (MRI) are now considered to be
the most accurate methods for measuring quantity, quality, and distri-
bution of adipose tissue and lean muscle mass; however, their use in
research and clinical practice is limited by expense and radiation
dose.?’

4.3 | Potential explanations

At first glance, these results may appear surprising or counterintuitive.
However, essential fat is required to provide metabolic fuel for energy
production and other normal bodily functions.??*° Similar to other
chronic diseases, HF is a catabolic state, and increased BFM may
serve as an essential energy reserve in this population. Cardiac
cachexia is a syndrome involving progressive weight loss and alter-
ations in body composition that carries a devastating prognosis in HF
as well as in other disease states. A previous study found that wasting
of fat but not lean mass was predictive of adverse outcomes in HF
patients, suggesting that fat loss is a marker of enhanced catabolism,
or body fat mass is protective in the context of advanced HF.3*

Adipose tissue may provide protection by mitigating the inflam-
matory state in HF.32 Studies have shown that patients with HF and
cachexia have higher circulating levels of tumor necrosis factor-alpha
(TNF-a).3% Adipose tissue is known to produce soluble TNF-« recep-
tors that could have a protective effect in HF by binding TNF-a and
neutralizing its adverse biological effects.>* On the other hand, Streng
et al found a higher waist-to-hip ratio (a proxy measure for abdominal
adiposity) to be associated with a higher risk of mortality and elevated
levels of inflammation markers in female HF patients, although not
male ones.® It has been suggested that higher blood pressure in obe-
sity could lead to greater tolerance of guideline-directed medical ther-
apy in those with elevated fat mass. Patients with high-fat mass may
have a different, more benign etiology or genotype compared to
patients with normal body fat who develop HF, a potential area for
further study. In addition to the benefits of adipose tissue itself, there
has been an association between increased adiposity and greater mus-
cular strength in HF patients with reduced ejection fraction, which
may explain some of the clinical benefits seen in obese patients.3¢ It
has been suggested that increased skeletal muscle could improve HF
prognosis in patients with reduced ejection fraction.3” One study
found that higher lean mass was associated with prognostically bene-
ficial surrogate markers in HF, such as C-reactive protein, N-terminal
pro B-type natriuretic peptide (NT-pro BNP) and nutritional status.®®
A protective role of lean mass may be supported by recent research
which found loss of muscle mass in HF patients to be more associated
with reductions in quality of life than weight loss alone.*

We acknowledge both strengths and limitations to this study. The
study was conducted out of a single center, allowing accurate and
thorough follow-up. The single-center design involving a referral pop-

ulation may limit the generalizability of conclusions drawn from the

data. Although the data did remain significant in multi-variable analy-
sis, the size of the study population and the relatively low number of
events are limiting. In addition, the InBody 520 was located in an out-
patient facility and requires patients stand on it, excluding from this
study any patients hospitalized for disease or confined to wheelchairs
or beds. We also did not have data on fitness levels or weight change
over time, which are known to influence the relationship between
BMI and outcomes in HF.384C Fitness levels may modulate the obesity
paradox in HF, making inclusion of patient fitness level data a prudent
idea for follow-up study.**4?

BIA is a safe and convenient way to measure BFM and LBM;
however, there are some limitations. Although the BIA methodology
of the Inbody system may accurately assess body composition even in
the presence of edema,’” additional investigation of its accuracy in
HF and obesity is warranted. BIA is not as accurate as CT or MRI,
which can differentiate between subcutaneous and visceral adipos-
ity.2” Our paper does not address whether body composition is a bet-
ter predictor of outcomes in HF than the traditionally-used BMI. Our
cohort was relatively small with relatively few mortality events over
the follow-up period. Inclusion or exclusion of additional prognostic
variables as well as residual measured or unmeasured confounding

variables may have impacted these findings.

5 | CONCLUSIONS

Our findings indicate that high BFM is an independent predictor of
better survival in those with chronic HF. High LBM is not an indepen-
dent predictor of outcomes. Although weight loss is often encouraged
in patients with cardiovascular disease, it should be recommended
with caution to those with HF. Additional studies are needed to vali-
date our findings and to determine the optimal body composition in
patients with HF; this information may ultimately guide diet and exer-

cise recommendations in HF populations.
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