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ABSTRACT

Background and Objectives: Lower body mass index (BMI) is considered a poor prognostic
factor in patients with heart failure (HF). We aimed to investigate the clinical impact of BMI
on the risk of mortality in patients with acute HF (AHF) across various phenotypes.
Methods: We retrospectively identified 4,146 registry patients with AHF and BMI data. The
study population was categorized according to the WHO Asia-Pacific BMI classification: BMI
<18.5 kg/m? (underweight; n=418), BMI 18.5-23 kg/m? (ideal; n=1,620), BMI 23-25 kg/m?
(overweight; n=828), BMI 25-30 kg/m? (obesity I; n=1,047), and BMI >30 kg/m? (obesity II;
n=233). The risk of all-cause mortality was compared between these 5 groups.

Results: During a median follow-up of 32 months, 1,732 patients (41.8%) died. Compared to
patients with obesity II, those with overweight, ideal BMI or underweight status had a higher
risk of mortality (overweight: hazard ratio [HR], 1.606; 95% confidence interval [CI], 1.016—
2.539; p=0.042) (ideal BMI: HR, 1.744; 95% CI, 1.112-2.734; p=0.015) (underweight: HR,
2.729; 95% CI, 1.686—4.417; p<0.001). Higher risk of mortality among patients with lower
BMI was observed regardless of age, sex, hypertension, diabetes, ischemic heart disease,
atrial fibrillation, and HF phenotype. Furthermore, low muscle index (total muscle mass/
height?), calculated using serum cystatin C data in a subset of 579 patients, was associated
with higher mortality risk.

Conclusions: A lower BMI is associated with a higher risk of mortality in patients with AHF.
This obesity paradox is observed in AHF regardless of comorbidities and HF phenotype.

Keywords: Body mass index; Obesity; Sarcopenia; Heart failure; Mortality

INTRODUCTION

The obesity paradox in patients with heart failure (HF) refers to the observation of a lower
risk of mortality and cardiovascular events in those with higher body mass index (BMI), while
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those with lower BMI have a worse prognosis.® This phenomenon contrasts with well-
established associations between obesity and cardiovascular risk factors, but is observed in
several chronic diseases. In particular, the association between obesity and a better prognosis
in HF has been reported in many studies, even though patients with obesity are at higher

risk for the development of HE.#® The obesity paradox in HF can be explained by a higher
prevalence of co-morbidities and catabolic status in patients with low BMI. As shown in
several studies, the occurrence of weight loss is associated with high mortality and morbidity,
and worse symptom status and quality of life in patients with HF.®® Therefore, catabolic
status in patients with HF should be regarded as an important risk factor for mortality.

Despite evidence supporting the obesity paradox in patients with HF, several studies have
suggested that the association between lower BMI and a worse prognosis is inconsistent,
varying according to age, sex, presence of diabetes mellitus (DM), or HF phenotype (i.e.

HF with reduced ejection fraction [HFrEF], mildly reduced ejection fraction [HFmrEF], or
preserved ejection fraction [HFpEF]).?°"? Furthermore, the impact of body composition

or skeletal muscle mass on the risk of mortality in relation to BMI has not been fully
investigated. In the present study, we aimed to assess the relationship between BMI and
mortality risk in patients admitted for acute HF (AHF), investigate whether this association
differs according to comorbidities and HF phenotype, and assess the potential impact of the
total muscle mass on the mortality risk.

METHODS

Patients

The STrain for Risk Assessment and Therapeutic Strategies in patients with Acute Heart
Failure) (STRATS-AHF) registry enrolled 4,312 patients hospitalized for AHF at three tertiary
university hospitals from January 2009 to December 2016. Detailed information regarding
the registry and primary outcomes has been reported elsewhere.?" In brief, patients with
signs or symptoms of HF, and either lung congestion or objective findings of left ventricular
(LV) systolic dysfunction or structural heart disease, were eligible for the study. Patients who
presented with acute coronary syndrome were excluded. The study protocol was approved
by the ethics committee at each hospital and complied with the Declaration of Helsinki.
Informed consent was waived, given the retrospective nature of the study.

Body mass index and its classification

Body weight and height were measured using an electronic scale, during the index hospitalization
for AHF. BMI was calculated as the body weight (kg) divided by the height (m) squared.
Participants were divided into five groups according to the World Health Organization Asia-Pacific
BMI classification: BMI <18.5 kg/m? (underweight), BMI 18.5-23 kg/m? (ideal), BMI 23-25 kg/m?
(overweight), BMI 25-30 kg/m? (obesity class I), and BMI >30 kg/m? (obesity class II)."¥

Measurement of muscle mass and muscle index

Among the total study population (n=4,146), serum levels of cystatin C were available in a
subset of 579 patients. Given that cystatin C is independent of muscle mass, and that the
discrepancy between creatinine and cystatin C-based glomerular filtration rate (GFR) can

be explained by the muscle mass, the total body muscle mass can be estimated by the serum
levels of creatinine and cystatin C, using the equations suggested by Kim et al.’® Details
regarding the calculation of the total muscle mass are provided in the Supplementary Data 1.
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Then, in order to estimate the total muscle mass according to the body size of patients, we adopted
the muscle index, calculated as the total muscle mass/height (m)?, considering that the skeletal
muscle index (appendicular skeletal muscle mass/height?) is used to diagnose sarcopenia.'”

Echocardiography and strain analysis

All images were obtained using a standard ultrasound machine with a 2.5-MHz probe. Standard
techniques were used to obtain M-mode, 2-dimensional, Doppler, and strain measurements, in
accordance with the guidelines of the American Society of Echocardiography.''®

Study outcomes

The primary outcome was the 5-year all-cause mortality from the index hospitalization for
AHF. The data regarding the vital status of all patients were collected from the National
Insurance database or National Death Records.

Statistical analysis

Continuous variables are presented as the mean+standard deviation (SD) or median with
interquartile range (IQR); categorical variables are presented as frequencies. Differences
between groups were evaluated using the Student’s t-test, one-way analysis of variance,
Mann-Whitney U test, or Kruskal-Wallis test for continuous variables, and the y? test or Fisher
exact test for categorical variables, as appropriate.

As patients exclusively underwent assessment of either the B-type natriuretic peptide (BNP)
level or the N-terminal proBNP (NT-proBNP) level, the natriuretic peptide level could not be
applied as a continuous variable. Thus, given the statistically equal distribution of these two
parameters and their comparable prognostic values, BNP and NT-proBNP levels were each
categorized into 10 deciles. The cut-off values for the 10 deciles of BNP and NTproBNP levels
are shown in Supplementary Figure 1.

Survival analyses were performed using the Cox proportional hazard regression model to
determine the independent predictors of the study outcome. Multivariable Cox proportional
hazard regression analysis, with the stepwise backward elimination method, was performed
using variables with p values of <0.1 on univariable analysis. Data were analyzed using SPSS
version 22 (IBM, Chicago, IL, USA), and R programming software version 4.1.1 (The R
Foundation for Statistical Computing, Vienna, Austria). A two-sided p value of <0.05 was
considered statistically significant.

RESULTS

Baseline characteristics

The median age of the study participants was 73 years, 53% were male, and the median

BMI was 23.0 kg/m? (Table 1). The median age showed a gradual decrease with higher BMI,
whereas the prevalence of comorbidities, including hypertension (HTN), DM, and ischemic
heart disease (IHD), was more frequent in patients with higher BMI. Accordingly, cholesterol
and glycated hemoglobin (HbA1lc) levels gradually increased with higher BMI category.
Additionally, the hemoglobin level tended to be lower among those with lower BMI.

During a median follow-up of 32 months (IQR 12-55 months), 1,732 patients (41.8%) died.
The annualized mortality rate was 14.4% (per 100 person-years) in the total study population,
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Table 1. Baseline characteristics

Characteristics

Total Ideal BMI

Underweight Overweight Obesity class | Obesity class Il p value
(n=4,146) (n=418) (n=1,620) (n=828) (n=1,047) (n=233)
Age (years) 73 (63-80) 78 (70-84) 75 (65-81) 73 (63-80) 71 (60-78) 68 (50-77) <0.001
Male sex 2,207 (53.2) 186 (44.4) 855 (52.7) 483 (58.3) 570 (54.4) 113 (48.5) <0.001
BMI (kg/m?) 93.0 (20.7-95.7)  17.0 (161-18.0)  21.0 (20.0-22.0)  24.0 (23.5-24.4)  26.6 (25.8-27.9)  32.3 (31.0-34.0) <0.001
Systolic blood pressure (mmHg) 125 (110-144) 120 (106-140) 122 (109-141) 125 (109-142) 129 (112-148) 139 (119-154)  <0.001
Diastolic blood pressure (mmHg) 72 (62-83) 70 (60-80) 71 (61-81) 70 (61-81) 74 (64-85) 78 (68-90) <0.001
NYHA functional class IV 1,566 (37.8) 161 (38.4) 693 (38.4) 305 (36.8) 397 (37.9) 80 (35.9) 0.803
Hypertension 2,386 (57.5) 190 (45.3) 866 (53.4) 500 (60.4) 671(64.1) 159 (71.3) <0.001
Diabetes mellitus 1,432 (34.5) 101 (24.1) 500 (30.9) 309 (37.3) 417 (39.8) 105 (47.1) <0.001
Ischemic heart disease 1,348 (32.5) 106 (25.3) 540 (33.3) 290 (35.0) 337 (32.2) 75 (33.6) 0.013
Atrial fibrillation 1,233 (29.7) 128 (30.5) 465 (28.7) 238 (28.7) 329 (31.4) 73 (32.7) 0.539
Laboratory tests
Total cholesterol (mg/dL) 150.0 (123.0-180.0) 145.5 (117.9-174.0) 149.0 (123.0-177.0) 148.0 (123.0-180.0) 154.0 (126.0-185.0) 152.0 (126.0-180.0) 0.001
Hemoglobin (g/dL) 12.0 (10.0-14.0)  11.0 (10.0-13.0)  12.0 (10.0-14.0)  12.0 (10.0-14.0) ~ 12.0 (11.0-14.0)  13.0 (11.0-15.0) ~ <0.001
Blood urea nitrogen (mg/dL)  21.0 (15.9-31.0)  22.0 (16.0-34.0)  22.0 (16.0-32.0) ~ 20.0 (15.5-30.2)  20.2 (15.0-29.0)  19.0 (15.0-28.0)  0.012
Creatinine (mg/dL) 1.1 (0.8-1.5) 1.0 (0.8-1.4) 1.1(0.8-1.6) 1.1 (0.9-1.5) 1.1(0.9-1.5) 1.1(0.8-1.6) 0.737
GFR (mL/min/1.73m?) 61.3(38.2-82.7)  63.0(38.6-82.7) 58.8 (37.5-81.8)  60.3(37.6-83.2)  62.9 (40.0-83.4) 65.4(38.7-84.1)  0.207
Hemoglobin Alc (%) 6.1(5.8-7.0) 6.0 (5.7-6.6) 6.0 (5.7-7.0) 6.2 (5.7-7.0) 6.3 (5.9-7.9) 6.7(6.0-7.8)  <0.001
BNP (pg/mL) 980.0 1,422.0 1,043.5 828.0 902.5 599.0 <0.001
(463.0-2,069.0)  (533.0-3,177.0)  (523.0-2,495.0)  (381.0-1,752.0)  (462.0-1,720.0)  (172.5-1,350.5)
NT-proBNP (pg/mL) 4,490.3 9,381.5 5,615.0 4,999.8 92,746.0 2,473.1 <0.001
(1,698.0-11,060.0) (3,514.0-18,572.6) (2,141.0-13,814.5) (1,546.0-10,374.0) (1,101.0-6,274.8)  (908.5-6,250.9)
Echocardiographic parameters
LV-EDD (mm) 53.0 (47.0-59.1)  51.0 (45.0-57.0)  53.0 (47.0-60.0)  53.0 (47.0-59.0)  53.0 (47.0-60.0)  53.2 (48.0-61.0) <0.001
LV-ESD (mm) 40.0 (32.0-48.7)  39.0 (32.0-47.6)  41.0 (33.0-49.3) 40.0 (32.5-48.0)  38.7(31.0-48.0)  37.0 (30.2-50.0) 0.005
LV-MI (g/m?) 127.2 (103.7-156.7) 131.6 (105.2-169.1) 129.0 (105.5-162.1) 127.2 (101.7-155.0) 123.7 (101.4-150.1) 123.7 (105.0-150.1) <0.001
LV-EDV (mL) 109.2 (76.0-152.8) 100.0 (72.0-140.0) 112.0 (78.0-154.0) 106.4 (75.5-146.8) 111.0 (75.0-156.0) 109.5 (74.6-171.0) <0.001
LV-ESV (mL) 67.0 (37.7-107.0)  65.9 (36.6-97.0)  70.0 (40.7-109.0) 64.0 (37.1-104.0)  64.0 (36.0-109.0) 60.7 (31.0-120.0)  0.012
LV-EF (%) 39.0 (27.0-54.0)  37.0 (27.0-52.8)  37.0 (26.1-51.2)  40.0 (28.0-54.0)  41.3(29.0-56.0) 44.3 (28.5-59.1) <0.001
E velocity (m/sec) 0.98 (0.66-1.00)  0.97 (0.60-1.02)  1.00 (0.69-1.00)  0.95 (0.65-1.00)  0.98 (0.66-1.00)  0.96 (0.74-1.03)  0.379
A velocity (m/sec) 0.86 (0.57-1.00)  0.91(0.64-1.00)  0.84 (0.54-1.00)  0.88 (0.58-1.00)  0.86 (0.59-1.00)  0.84 (0.46-1.00)  0.887
e’ velocity (cm/sec) 5.0 (3.8-6.2) 5.0 (3.6-6.1) 4.8 (3.6-6.0) 4.9 (3.8-6.0) 5.0 (4.0-6.6) 51(4.0-7.0)  <0.001
a’ velocity (cm/sec) 6.7 (5.0-8.9) 7.0 (5.6-8.9) 6.0 (4.8-8.0) 7.0 (5.0-8.5) 6.9 (5.0-9.0) 7.1 (4.8-8.9) 0.015
s’ velocity (cm/sec) 5.1(4.0-6.6) 5.0 (4.0-6.4) 5.0 (4.0-6.4) 5.0 (4.0-6.4) 5.4 (4.3-7.0) 5.8 (4.4-7.0) <0.001
E/e’ ratio 16.6 (11.7-23.2)  15.9 (11.3-22.0)  17.2 (12.0-24.3)  16.1(11.4-23.2)  15.9 (11.4-22.2)  15.7(12.2-21.8)  <0.001
Left atrial dimension (mm) 44.0 (39.0-50.9)  41.4 (34.9-48.0) 44.0 (38.4-50.0) 44.0 (39.0-50.0) 46.0 (41.0-52.0)  48.8 (43.2-54.9) <0.001
LAVI (mL/m?) 51.8 (38.0-70.4)  55.2(38.3-80.5)  54.7 (40.0-74.0) 49.2 (36.4-68.8)  49.3 (37.0-67.0)  48.9 (35.7-62.3)  <0.001
LARS (%) 12.0 (7.0-19.5) 12.0 (6.3-17.9) 11.5 (7.0-18.5) 13.0 (8.0-21.0) 13.0 (8.0-17.0) 12.0 (7.0-16.0)  0.002
LV-GLS (%) 10.0 (7.0-14.0) 10.1 (7.0-13.7) 9.9 (7.0-13.7) 10.0 (7.3-14.0) 11.0 (7.0-14.4) 10.1 (6.7-14.7) 0.0M
RV strain (%) 13.0 (8.0-17.0) 12.0 (8.0-16.0)  13.0 (8.0-17.0) 13.0 (8.0-17.0) 13.0 (8.0-17.0) 12.0 (7.0-16.0)  0.198
TR Vmax (m/sec) 3.0 (2.5-3.4) 3.0 (2.6-3.4) 3.0 (2.6-3.4) 2.9 (2.5-3.3) 2.9 (2.5-3.3) 3.0(2.5-3.3)  <0.001
PASP (mmHg) 41.5(32.0-52.9)  43.0 (33.6-54.0)  43.4 (34.0-54.0)  41.0 (30.0-50.7)  39.1(29.5-51.0)  41.7 (30.6-51.0) <0.001
Medication at discharge
Use of beta-blockers 2,533 (61.1) 245 (58.5) 924 (57.0) 507 (61.2) 702 (67.0) 155 (69.5) <0.001
Use of RAS blockers 2,833 (68.3) 258 (61.6) 1,078 (66.5) 566 (68.4) 756 (72.2) 175 (78.5) <0.001
Use of MRA 1,858 (44.8) 174 (41.6) 713 (44.0) 355 (42.9) 506 (48.3) 110 (49.3) 0.255
Event
5-Year mortality 1,732 (41.8) 958 (61.7) 747 (46.1) 336 (40.6) 333 (31.8) 58 (26.0) <0.001
Follow-up duration (months) ~ 32.0 (12.0-54.8)  22.0 (4.9-43.2)  30.0 (10.2-54.2)  33.6 (13.7-54.1)  36.3 (17.1-58.6)  39.2(22.0-60.6) <0.001

Values are given as the median with interquartile range or as a number (percentage).
BMI = body mass index; NYHA = New York Heart Association; GFR = glomerular filtration rate; BNP = B-type natriuretic peptide; NT-proBNP = N-terminal pro
B-type natriuretic peptide; LV = left ventricular; EDD = left ventricular end-diastolic dimension; ESD = end-systolic dimension; MI = mass index; EDV end-diastolic
volume; ESV = end-systolic volume; LAVI = left atrial volume index; GLS = global longitudinal strain; LARS = left atrial reservoir strain; RV = right ventricular; TR =
tricuspid regurgitation; PASP = pulmonary artery systolic pressure; RAS = renin-angiotensin system; MRA = mineralocorticoid antagonist.

https://e-heartfailure.org

27.8% among patients with underweight status, 16.5% among patients with ideal BMI, 13.6%
among patients with overweight status, 9.9% among patients with obesity class I, and 7.4%

among patients with obesity class II.
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Table 2. Multivariable predictors of all-cause mortality

Variables Multivariable model #1 Multivariable model #2
Adjusted HR 95% ClI p value Adjusted HR 95% ClI p value

Age (per +1year) 1.045 1.038-1.053 <0.001 1.045 1.038-1.052 <0.001
Male sex 1.313 1.143-1.508 <0.001 1.340 1.161-1.546 <0.001
Systolic blood pressure (per +1 mmHg) 0.996 0.994-0.999 0.003 0.996 0.994-0.999 0.002
Diabetes mellitus 1.304 1.135-1.498 <0.001 1.326 1.150-1.528 <0.001
Hemoglobin (per +1 g/dL) 0.919 0.889-0.951 <0.001 0.922 0.891-0.954 <0.001
Glomerular filtration rate (per +1 mL/min/1.73 m?) 0.995 0.992-0.998 0.001 0.994 0.991-0.997 <0.001
Natriuretic peptide level (decile) 1.006 1.003-1.009 <0.001 1.055 1.025-1.086 <0.001
Use of beta-blockers 0.672 0.585-0.770 <0.001 0.647 0.562-0.745 <0.001
Use of RAS blockers 0.648 0.562-0.747 <0.001 0.646 0.559-0.747 <0.001
LV-GLS (per +1%) 0.941 0.926-0.957 <0.001 0.942 0.926-0.959 <0.001
BMI (per +1 kg/m?) 0.951 0.932-0.970 <0.001 - - -
WHO Asia-Pacific BMI classification

Obesity Il (reference) - - - Reference

Obesity | o o = 1.345 0.852-2.124 0.204

Overweight - - - 1.606 1.016-2.539 0.042

Ideal BMI o = = 1.744 1.112-2.734 0.015

Underweight - - - 2.729 1.686-4.417 <0.001

Multivariable model #1 was performed using BMI as a continuous variable, and multivariable model #2 was performed using BMI as a categorical variable: BMI
categories were defined according to the World Health Organization Asia-Pacific BMI classification: BMI <18.5 kg/m? (underweight), BMI 18.5-23 kg/m? (ideal
BMI), BMI 23-25 kg/m? (overweight), BMI 25-30 kg/m? (obesity class I), and BMI >30 kg/m? (obesity class 11)."

HR = hazard ratio; Cl = confidence interval; RAS = renin-angiotensin system; LV = left ventricular; GLS = global longitudinal strain; BMI = body mass index.

https://e-heartfailure.org

Predictors of all-cause mortality

Multivariable Cox regression analysis with the stepwise backward elimination method

was performed using variables with p values of <0.1 on univariable analysis (Table 2 and
Supplementary Table 1). Advanced age, male sex, lower systolic blood pressure, presence of
DM, lower hemoglobin and GFR levels, and higher natriuretic peptide level were associated
with higher mortality risk. The use of beta-blockers and renin-angiotensin system blockers,
and higher LV global longitudinal strain were associated with lower mortality risk.

Higher BMI was associated with a lower risk of mortality (adjusted hazard ratio [HR], 0.951;
95% confidence interval [CI], 0.932-0.970; p<0.001). Using the obesity class II BMI category
as a reference, lower BMI category was significantly associated with higher mortality risk
(obesity I: adjusted HR, 1.345; 95% CI, 0.852-2.124; p=0.204) (overweight: adjusted HR, 1.600;
95% CI, 1.016-2.539; p=0.042) (ideal BMI: adjusted HR, 1.744; 95% CI, 1.112-2.734; p=0.015)
(underweight: adjusted HR, 2.729; 95% CI, 1.686—4.417; p<0.001) (Table 2 and Figure 1).

Prognostic value of the body mass index across subgroups

In order to assess the relationship between BMI and the risk of mortality in various subgroups
of patients with AHF, we divided the study population according to age, sex, HTN, DM, atrial
fibrillation (AF), IHD, and HF phenotype (HFpEF, HFmrEF, and HFrEF) (Figures 2 and 3).

An association between lower BMI and higher mortality risk was observed across subgroups
(Figure 2). Compared to that in patients with obesity class II, patients with underweight
status had a significantly higher risk of mortality in all subgroups, followed by those with
ideal BMI, overweight status, and obesity class I (Figure 3).

Impact of muscle index on the mortality risk

The total body muscle mass was calculated in a subset of 579 patients, using the serum levels
of cystatin C and creatinine.” Patients in this subset were categorized into three groups
according to BMI (using the cutoff for underweight status, i.e. 18.5 kg/m?) and muscle index
(total body muscle mass/height?; using sex-specific median values): BMI >18.5 kg/m? and
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Figure 1. Risk of all-cause mortality according to the BMI. (A) All-cause mortality-free survival is shown according to the BMI category: BMI <18.5 kg/m?
(underweight), BMI18.5-23 kg/m? (ideal BMI), BMI 23-25 kg/m? (overweight), BMI 25-30 kg/m? (obesity class I), and BMI 230 kg/m? (obesity class I1). (B) The
association of the risk of all-cause mortality with BMI is shown in the spline curve.

BMI = body mass index; HR = hazard ratio; Cl = confidence interval.
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muscle index >15.7 kg/m? for men or >12.9 kg/m? for women (group 1; n=271), BMI >18.5kg/
m? but reduced muscle mass (group 2, n=256), and BMI <18.5 kg/m? (group 3; n=52).0f note,
most of the patients (92%) in the group 3 had reduced muscle mass. Compared to those with
normal BMI and muscle index (group 1), the mortality risk was significantly higher in group
3 (adjusted HR, 2.428; 95% CI, 1.290-4.570; p=0.000) as well as in group 2 (adjusted HR,
1.492; 95% CI, 1.104-2.016; p=0.009) (Figure 4A). In addition, the mortality risk was higher
in group 3 compared to that in group 2 (adjusted HR, 1.576; 95% CI, 1.015-2.447; p=0.043).

As in the total study population, the significant association between the lower BMI and
higher risk of mortality was consistent in this subset of 579 patients with cystatin C data
(Figure 4B). In addition, there was an inverse relationship between the muscle index and
mortality risk, even after adjusting for age, sex, blood pressure, DM, hemoglobin, GFR, LV
global longitudinal strain, and BMI classification (Figure 4C).

DISCUSSION

In the present study, we showed that lower BMI is associated with higher risk of all-cause
mortality in patients with AHF, and that this association (known as the obesity paradox) is
observed regardless of age, sex, comorbidities, and HF phenotype. Furthermore, among a
subset of patients with available total body muscle mass data, those with low muscle index
had higher mortality risk, even in those with ideal or higher BMI, suggesting sarcopenia as
the main cause of the obesity paradox in patients with AHF.
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Figure 2. Spline curves for all-cause mortality in evaluated subgroups. Multivariable-adjusted spline curves for the all-cause mortality are shown according to
the BMI in subgroups divided by (A) age, (B) sex, (C) HTN, (D) DM, (E) AF, (F) IHD, and (G) phenotypes of HF.

BMI = body mass index; HTN = hypertension; DM = diabetes mellitus; AF = atrial fibrillation; IHD = ischemic heart disease; HFpEF = heart failure with preserved
ejection fraction; HFmrEF = heart failure with mildly reduced ejection fraction; HFrEF = heart failure with reduced ejection fraction.

Obesity paradox in HF

The obesity paradox indicates that, despite well-established negative impacts of obesity on
health-related outcomes and cardiovascular risk factors, the presence of obesity is associated
with lower mortality risk in patients with chronic diseases, such as myocardial infarction,
stroke, HF, renal disease, and DM."”? As obesity leads to worsened cardiovascular risk
factors, including lipid profile, blood pressure, glycemic control, and systemic inflammation,
which are associated with the risk of developing cardiovascular diseases, including HF,

better survival in patients with obesity with cardiovascular diseases is contradictory to the
conventional view.
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No. of All-cause Adjusted HR  pvalue
patients mortality (n, %) (95% Cl)
Age Age <70 years Obese 641 123(19.2%) Reference
Overweight 355 113 (31.8%) 1.398(0.935-2.091)  0.103
Ideal BMI 599 164 (27.4%) 1.124(0.780-1.619)  0.531
Underweight 105 46 (43.8%) ——{l—— 2013(1.112-3643) 0021
Age 270 years Obese 639 268 (41.9%) Reference
Overweight 473 233 (47.1%) 1.239(0.970-1582) 0086
Ideal BMI 1021 583 (57.1%) 1.452(1.170-1.802)  0.001
Underweight 313 212(67.7%) —a— 2317 (1.746-3.075)  <0.001
Sex Female Obese 597 205 (34.3%) Reference
Overweight 345 125 (36.2%) 1.175(0866-1.595)  0.300
Ideal BMI 766 331 (43.2%) 1.312(1.015-1.696)  0.038
Underweight 232 142 (61.2%) —— 1.999(1.433-2.789)  <0.001
Male Obese 683 186 (27.2%) Reference
Overweight 483 211 (43.7%) 1.320(0.987 - 1.764)  0.061
Ideal BMI 854 416 (48.7%) 1.391(1.065-1.816)  0.016
Underweight 186 116 (62.4%) —a— 2212(1512-3235)  <0.001
Hypertension No Obese 450 107 (23.8%) Reference
Overweight 328 112 (34.1%) 1.179(0.847-1.641)  0.329
Ideal BMI 755 303 (40.1%) 1.390(1.061-1.821)  0.017
Underweight 228 129 (56.6%) 1.861(1.341-2583)  <0.001
Yes Obese 830 284 (34.2%) Reference
Overweight 500 224 (44.8%) 1.204(0.952-1.523)  0.122
Ideal BMI 865 444 (51.3%) 1.435(1.161-1.774)  0.001
Underweight 190 129 (67.9%) —_—— 2.236(1649-3.031)  <0.001
Diabetes mellitus No Obese 758 193 (25.5%) Reference
Overweight 519 191 (36.8%) 1.295(0.958 - 1.750) ~ 0.093
Ideal BMI 1120 477 (42.6%) 1.360(1.049-1.763)  0.020
Underweight 317 187 (59.0%) —a— 2066 (1.491-2.861)  <0.001
Yes Obese 522 198 (37.9%) Reference
Overweight 309 145 (46.9%) 1.183(0.885-1.582)  0.257
Ideal BMI 500 270 (54.0%) 1.330(1.018-1.739)  0.037
Underweight 101 71(70.3%) . 2.215(1468-3.343)  <0.001
Atrial fibrillation No Obese 878 268 (30.5%) Reference
Overweight 590 233 (39.5%) 1.112(0.902-1.370)  0.320
Ideal BMI 1156 529 (45.8%) L 1.303(1.088-1.560)  0.004
Underweight 290 173 (59.7%) 1.706 (1.337-2.177)  <0.001
Yes Obese 402 123 (30.6%) Reference
Overweight 238 103 (43.3%) 1.300(0.945-1.787)  0.107
Ideal BMI 464 218 (47.0%) 1.460(1.107-1.925)  0.007
Underweight 128 85 (66.4%) —_—— 2435(1.727-3.434)  <0.001
Ischemic heart disease No Obese 868 242 (27.9%) 0 Reference
Overweight 538 206 (38.3%) —— 1.346(1.030-1.761) 0030
Ideal BMI 1081 464 (42.9%) - 1.383(1.088-1.756)  0.008
Underweight 312 187 (59.9%) —_—l— 2.349(1.722-3.204)  <0.001
Yes Obese 412 149 (36.2%) :_ Reference
Overweight 290 130 (44.8%) 1.033(0.786-1.356)  0.817
Ideal BMI 539 283 (52.5%) = — 1293(1.022-1637) 0033
Underweight 106 71(67.0%) —— 1741(1229-2468) 0002
HF phenotype HFpEF Obese 468 140 (29.9%) Reference
Overweight 265 107 (40.4%) 1.232(0.913-1.662)  0.172
Ideal BMI 448 207 (46.2%) —— 1.666 (1.286-2.159)  <0.001
Underweight 125 74 (59.2%) —l——  2632(1848-3748)  <0.001
HFmrEF Obese 199 65(32.7%) Reference
Overweight 143 54 (37.8%) 1.130(0.71-1.656) 0531
Ideal BMI 257 118 (45.9%) 1.333(0.960-1.852)  0.086
Underweight 55 33(60.0%) 1.961(1.264-3.043)  0.003
HFrEF Obese 613 186 (30.3%) Reference
Overweight 420 175 (41.7%) 1.189(0.929-1.521)  0.169
Ideal BMI 915 422 (46.1%) 1.292(1.044-1.599)  0.019
Undenweight 238 151 (63.4%) 1.861(1.416-2445)  <0.001

f 1
0 4

Adjusted HR for all-cause mortality

‘ Obese (BMI 225): Reference
—l- Overweight (BMI 23-25)

- 'deal BMI (BMI 18.5-23)
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Figure 3. Subgroup analyses for all-cause mortality according to the BMI classification. The adjusted HRs are
shown for all-cause mortality in subgroups based on age, sex, hypertension, diabetes mellitus, atrial fibrillation,
ischemic heart disease, and phenotype of HF. Using the patients with BMI >25 kg/m? (obese) as reference (blue),
the HRs of patients with overweight (green), ideal BMI (orange), and underweight (red) are summarized.

HR = hazard ratio; Cl = confidence interval; BMI = body mass index.
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Figure 4. Associations between BMI, muscle index, and mortality risk. (A) Cumulative incidence curves are shown for all-cause mortality according to the

subgroups divided by BMI and muscle index, among the subset of 579 patients with cystatin C data. The associations of the risk of all-cause mortality with (B)
BMI and (C) muscle index are shown in the adjusted spline curves.
BMI = body mass index; HR = hazard ratio; Cl = confidence interval.
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The survival advantage of obesity in cardiovascular diseases may be explained by several

mechanisms." First, higher BMI may indicate greater metabolic reserves, enabling patients

to endure catabolic consequences from chronic diseases. Second, patients with high BMI may
have greater muscle mass, with greater muscular strength, implicating better cardiorespiratory
fitness. Third, patients with obesity have an attenuated response to the renin-angiotensin-
aldosterone system and a lower natriuretic peptide level. Fourth, the mode of disease
presentation or underlying etiology may differ between patients with higher and lower BMI.

However, the interpretation of this phenomenon is still under debate. One noted skepticism of
the obesity paradox in HF is the lead-time bias; HF in patients with low BMI may be detected
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at a more advanced stage, with longer cachexia duration and non-purposeful weight loss,
whereas HF may be detected earlier in patients with high BMI.?Y Another important point

is the possibility of selection or collider stratification bias, which results from unmeasured
confounding factors.???) Because obesity serves as a risk factor for the development of HF,
the presence of obesity and the mortality risk may collide in HF. More specifically, if there are
unmeasured factors that have a larger impact on mortality than the presence of obesity, the
failure to include these “unmeasured factors” in the analysis can lead to an overestimation
of the association between obesity and lower mortality risk. Nonetheless, from a practical
viewpoint, the obesity paradox indicates that underweight status in patients with HF implicates
a higher risk of mortality, and recognizing this phenomenon in patients admitted for HF can
serve as the basis for providing appropriate treatment options. In other words, aside from
the debate on the intrinsic effect of obesity on the mortality risk, underweight status can be
considered as an indicator of high mortality risk in AHE.Y

HF, body mass index, and prognosis

In the present study, among patients hospitalized for AHF, the obesity paradox was observed
across various subgroups. Specifically, a concordant relationship between lower BMI and
higher mortality risk was demonstrated regardless of age, sex, HTN, DM, AF, IHD, and HF
phenotype (HFrEF, HFmrEF, and HFpEF). These findings may seem to contradict several
previous studies that reported a lack of the obesity paradox in certain subgroups, such as
those with younger age (<75 years),'? female,?® those with DM, those with HFrEF,* or
conversely, those with HFpEF.? The lack of the obesity paradox in certain subgroups in

the above-mentioned studies might be due to the sample size or the characteristics of the
included study population. Indeed, in studies that suggested an attenuated, or absent,
obesity paradox in several subgroups, it was noted that the overall event-free survival showed
a tendency for higher mortality risk in patients with lower BMIL.2%? In the present study,
which had a large study population, the obesity paradox was observed across various HF
phenotypes. Additionally, although the shape of the spline curves and relative risk ratio
slightly differed between subgroups, the association between lower BMI and higher mortality
risk was concordant. Regarding the potential impact of sex on the obesity paradox, a study by
Lee et al.?¥ suggested the lack of obesity paradox in female patients among the 2,616 patients
hospitalized for HF. However, a more frequent occurrence of all-cause death and composite
events (all-cause death and HHF) was observed in female patients with lower BMI, compared
to those with higher BMI, and the multivariable analysis for all-cause mortality in female
patients showed borderline statistical significance. Thus, it may be inferred that the lack of
the obesity paradox in specific subgroups reported in a few previous studies might be due to
a small study population.

Furthermore, in the study by Shah et al.,”® which confirmed the obesity paradox in elderly
patients (>75 years) but not in younger patients (<75 years), patients with BMI <18.5 kg/

m? were excluded from the main analyses. In the present study, among patients aged <70
years, the mortality risk in patients with overweight status or ideal BMI was not significantly
higher than that in patients with obesity; however, there was a significantly higher mortality
risk in patients with underweight status, and the spline curve for mortality risk showed an
obvious trend for higher mortality risk as the BMI decreased. Thus, the lack of the obesity
paradox in younger patients reported by Shah et al.’? may be due to the study inclusion/
exclusion criteria. Additionally, the presence of comorbidities could impact the relationship
between BMI and mortality risk. Adamopoulos et al.! reported a lack of the obesity paradox
in patients with DM and HF; however, the study population in the previous study showed
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significant differences compared to our registry. In the study by Adamopoulos et al.!?,

the mean age of the final study population was 63 years, more than 70% had an ischemic

HEF etiology, and only 3% had New York Heart Association (NYHA) class IV symptoms. In
contrast, the present study population had a median age was 73 years, 32.5% had an ischemic
HF etiology, and 37.8% had NYHA class IV symptoms.

There is also a debate regarding the presence of the obesity paradox according to HF
phenotype. In the study by Powell-Wiley et al.?, which analyzed approximately 40,000 patients
with HF from the Get With The Guidelines-Heart Failure (GWTG-HF) registry, the obesity
paradox for 30-day mortality was observed across all BMI levels in patients with HFrEF, but
not in those with HFpEF; the differential slopes of obesity and mortality for HFpEF and HFrEF
were different. In particular, the authors found a small, but statistically significant, increase

in the 30-day mortality rate in patients with HFpEF and BMI >30 kg/m? compared to that in
patients with HFpEF and lower BMI. This finding may be explained by the well-established
association between obesity and the development of HFpEF, the distinct phenotype of obesity-
related HFpEF,? and the diagnostic role of BMI for the probability of HFpEF as assessed by
the H,FPEF score.?) In contrast, in the present study, the spline curve for all-cause mortality in
patients with HFpEF showed a gradual decrease across all BMI levels (Figure 2). Nonetheless,
it was noted that, among patients with HFpEF, the slope for mortality risk was steeper in
those with BMI <25 kg/m? than in those with BMI >25 kg/m?, suggesting that the relationship
between BMI and mortality risk is relatively attenuated in patients with overweight status or
obesity, consistent with the results of GWTG-HF registry study.?

Due to differences in the baseline characteristics of the study population between studies, a
consensus regarding the obesity paradox in HF might be unachievable. However, given the
concordant trends showing higher mortality risk with lower BMI, our findings support the
presence of the obesity paradox in HF regardless of comorbidities and HF phenotype.

Sarcopenia and mortality risk in HF

Although the obesity paradox is an important feature for the prognostication of patients with
HF, BMI-based therapeutic intervention requires caution. In particular, despite the higher
mortality risk in patients with HF and lower BMI, simple weight gain as a therapeutic measure
is not recommended. Previous studies have shown that higher BMI is associated with a
significant risk of developing de novo HF and a higher risk of hospitalization for HF, especially
in patients with HFpEF.?*3% Thus, advising simple weight gain cannot be justified, despite the
robust tendency of the obesity paradox in HE. Moreover, body composition indices, including
the skeletal muscle mass and body fat, have more relevant clinical values than BMI.? Recent
studies have focused on the importance of the presence of catabolic status, which can be
defined as cachexia and sarcopenia. These conditions reflect the burden of comorbidities and
chronic illness. Sarcopenia is defined as a progressive loss of muscle mass and strength, with
arisk of adverse outcomes, such as disability, poor quality of life and death, whereas cachexia
is defined as a multifactorial syndrome characterized by a severe loss of body weight, fat,

and muscle mass due to an underlying illness.'®? Several studies have suggested that, even

in patients with similar low BMI values, patients with cachexia or sarcopenia have a higher
mortality risk than those with lower BMI but sufficient muscle mass.®®*

In the present study, we identified a subset of patients with available data for calculating body

muscle mass using the difference between serum creatinine and cystatin C levels.! Patients
in this subset were categorized according to BMI and muscle index, comprising subgroups
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reflecting normal BMI with normal muscle mass, normal BMI with low muscle mass, and low
BMI with low muscle mass. Although different from the standard definition and diagnostic
criteria, the clinical condition of normal BMI with low muscle mass reflects sarcopenia,

and the condition of low BMI with low muscle mass reflects cachexia, given that sarcopenia
indicates a condition of decreased muscle mass, and cachexia indicates the loss of both fat
and muscle mass. These two conditions are prevalent in patients with HF, and are known to
be associated with increased mortality risk.3 In this subset analysis, we found that patients
with low BMI and low muscle index (i.e. cachexia) had the highest mortality risk, and among
those with preserved BMI, patients with low muscle index had a higher mortality risk.

This finding indicates that reduced muscle mass may be the key component in the obesity
paradox. Further, our findings support the importance of caloric restriction with appropriate
exercise training in patients with HF, which has been recommended in recent guidelines,*
based on the benefits of these therapeutic interventions in clinical trials.3¥* Thus, it can

be inferred that, among patients hospitalized for AHF, those with low BMI need intensive
care, including nutritional support with appropriate protein intake, and the application of
tolerable exercise and rehabilitation. Additionally, even in patients who are not underweight,
the estimation of skeletal muscle mass would be helpful for risk stratification as well as for
determining the appropriate therapeutic intervention.

The present study has several limitations. First, muscle mass was calculated using serum
creatinine and cystatin C levels,™ not by direct measures, and cystatin C levels were available
only in 579 of 4,146 patients. Additionally, fluid retention was not considered in this
analysis. Second, we assumed that the clinical conditions of low muscle mass and low BMI
reflect sarcopenia and cachexia, respectively, but these assumptions are different from the
guideline-directed diagnostic criteria. Therefore, the interpretation of our findings based on
the estimation of muscle mass requires caution. Third, we focused on the mortality risk in
patients with established HF, and did not assess the impact of BMI on the development of HF.
Fourth, whether therapeutic intervention for BMI and body composition is associated with a
better prognosis cannot be inferred from our findings. Future studies are required to assess
whether such interventions have beneficial impacts on the prognosis. Finally, the present
study did not reveal the underlying pathophysiology of the obesity paradox in patients with
AHF. Instead, we focused on the situation in which hospitalization for HF has occurred, and
showed a robust association between lower BMI and higher mortality risk, suggesting that
more attention should be applied to patients with AHF and low BMI.

Lower BMI is associated with higher mortality risk in patients with AHF. This obesity
paradox was observed in patients with AHF regardless of age, sex, comorbidities, and HF
phenotype. Furthermore, our subset analysis suggested that a lack of muscle mass is the main

pathophysiology of the obesity paradox. Further studies are warranted to assess the potential
benefits of interventions targeting optimal weight control in patients with HF.

SUPPLEMENTARY MATERIALS

Supplementary Data 1
Calculation of total muscle mass.

Click here to view
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Supplementary Figure 1
Risk of mortality according to the natriuretic peptide levels. Risk of all-cause mortality is
shown according to the deciles of BNP (grey dot) and NT-proBNP (yellow dot).?

Click here to view

Supplementary Table 1
Univariable predictors of all-cause mortality

Click here to view
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