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ORIGINAL INVESTIGATIONS
Abdominal Obesity Is Associated
With an Increased Risk of All-Cause
Mortality in Patients With HFpEF

Tetsuro Tsujimoto, MD, PHD, Hiroshi Kajio, MD, PHD
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BACKGROUND There is a lack of studies that evaluate the association between abdominal obesity and subsequent

outcomes in patients with heart failure with preserved ejection fraction (HFpEF).

OBJECTIVES The present study aimed to assess the association between abdominal obesity and risk of all-cause

mortality in patients with HFpEF.

METHODS The present study used data from the TOPCAT (Treatment of Preserved Cardiac Function Heart Failure with

an Aldosterone Antagonist) trial. The primary outcome was all-cause mortality. We analyzed and compared the hazard

ratios (HRs) in patients with abdominal obesity and those without abdominal obesity using multivariable Cox proportional

hazard models. Abdominal obesity was defined as a waist circumference of $102 cm in men and $88 cm in women.

RESULTS The present study included 3,310 patients with HFpEF: 2,413 patients with abdominal obesity and 897

without abdominal obesity. The mean follow-up was 3.4 � 1.7 years. During follow-up, 500 patients died. All-cause

mortality rates in patients with and without abdominal obesity were 46.1 and 40.7 events per 1,000 person-years,

respectively. After multivariable adjustment, the risk of all-cause mortality was significantly higher in patients with

abdominal obesity than in those without abdominal obesity (adjusted HR: 1.52; 95% confidence interval [CI]: 1.16 to 1.99;

p ¼ 0.002). The risk of cardiovascular and noncardiovascular mortality was also significantly higher in patients with

abdominal obesity than in those without abdominal obesity (adjusted HR: 1.50; 95% CI: 1.08 to 2.08; p ¼ 0.01 and

adjusted HR: 1.58; 95% CI: 1.00 to 2.51; p ¼ 0.04, respectively).

CONCLUSIONS The risk of all-cause mortality was significantly higher in patients with HFpEF with abdominal obesity

than in those without abdominal obesity. (J Am Coll Cardiol 2017;70:2739–49) © 2017 by the American College of

Cardiology Foundation.
H eart failure with preserved ejection fraction
(HFpEF) accounts for approximately one-
half of all cases of heart failure, and this
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ABBR EV I A T I ON S

AND ACRONYMS

BMI = body mass index

eGFR = estimated glomerular

filtration rate

HFpEF = heart failure with

preserved ejection fraction

HFrEF = heart failure with

reduced ejection fraction

NYHA = New York Heart

Association
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for HFpEF. Furthermore, clinical guidelines
have offered no specific recommendations
for the management of HFpEF (4,5).

The fundamental pathophysiology of
HFpEF is complex and poorly understood. In
the traditional pathophysiological model,
pressure overload leads to left ventricular
hypertrophic and fibrotic remodeling, as well
as diastolic dysfunction (3,6). In addition,
recent reports have suggested that the
development of HFpEF is associated with a
systemic proinflammatory state related to commonly
coexisting conditions, such as obesity, metabolic
syndrome, diabetes, hypertension, lung disease,
anemia, and smoking (6–9). Systemic microvascular
endothelial inflammation leads to myocardial
inflammation, oxidative stress, and fibrosis. More-
over, alterations in cardiomyocyte signaling path-
ways promote cardiomyocyte remodeling and
microvascular dysfunction, and result in left ven-
tricular dysfunction (6). However, it remains un-
known whether abdominal obesity, which is strongly
associated with the proinflammatory state, is associ-
ated with the development and worsening of HFpEF.
Furthermore, there is a lack of studies that have
evaluated the association between abdominal obesity
and subsequent outcomes in patients with HFpEF.
Therefore, this study aimed to assess the association
between abdominal obesity and risk of all-cause
mortality in patients with HFpEF.
SEE PAGE 2750
METHODS

STUDY DESIGN AND PATIENTS. Using data from the
TOPCAT (Treatment of Preserved Cardiac Function
Heart Failure with an Aldosterone Antagonist) trial
(10), we assessed the association between abdominal
obesity and mortality in patients with HFpEF. The
design, protocol, and patient characteristics of the
TOPCAT study were previously reported (11,12).
Briefly, TOPCAT was a phase 3, international, multi-
center, randomized, double-blind, placebo-controlled
trial. A total of 3,445 patients from 233 sites in 6
countries (1,151 in the United States, 1,066 in Russia,
612 in Georgia, 326 in Canada, 167 in Brazil, and 123 in
Argentina) were randomly assigned to receive spi-
ronolactone or a placebo from August 10, 2006 to
January 31, 2012. Patients aged 50 years or older were
included if they had at least 1 symptom and 1 sign of
heart failure on a pre-specified list of clinically
defined symptoms and signs, controlled systolic
blood pressure (defined as a blood pressure
nonymous User (n/a) at Capital University of Medical Sciences fr
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of <140 mm Hg or #160 mm Hg if the patient was
taking $3 medications to control blood pressure), a
left ventricular ejection fraction of $45% measured at
the local site by echocardiography or radionuclide
ventriculography, and a serum potassium level
of <5.0 mmol/l. Eligible patients had a history of
hospital admission for heart failure in the past
12 months or an elevated natriuretic peptide level in
the 60 days before randomization (brain natriuretic
peptide level $100 pg/ml or N-terminal pro�brain
natriuretic peptide level $360 pg/ml). Patients were
excluded if they had any of the following conditions: a
severe systemic illness with a life expectancy judged
to be <3 years; severe pulmonary disease, such
as chronic pulmonary disease requiring home oxygen;
known infiltrative or hypertrophic obstructive
cardiomyopathy or known pericardial constriction;
severe renal dysfunction (defined as an estimated
glomerular filtration rate [eGFR] <30 ml/min or
serum creatinine level $2.5 mg/dl); heart transplant;
or known chronic hepatic disease (defined as aspartate
aminotransferase and alanine aminotransferase
levels >3.0 times the upper limit of the normal range
as read at the local laboratory) (12). In the present
study, patients with missing information regarding
abdominal obesity and potential confounders were
excluded (n ¼ 135), which resulted in a final sample
of 3,310. The present study was approved by
the institutional review board of the National Center
for Global Health and Medicine. The National Heart,
Lung, and Blood Institute approved our use of
TOPCAT data.

OUTCOME MEASUREMENTS. The primary outcome
of the present study was all-cause mortality. To
analyze mortality in detail, cardiovascular and non-
cardiovascular mortality were separately assessed as
secondary outcomes. Cardiovascular mortality
included death from myocardial infarction, stroke,
sudden death, pump failure, pulmonary embolism,
and cardiovascular procedure-related events. Non-
cardiovascular mortality included death from non-
cardiovascular events, such as infection and
malignancy. All events were adjudicated according to
pre-specified criteria by a clinical endpoint commit-
tee at the Brigham and Women’s Hospital (11). Pa-
tients were assessed every 4 months during the first
year of the study and every 6 months thereafter. More
detailed information regarding outcome evaluation
was previously reported (10).

POTENTIAL CONFOUNDERS. We extracted data on
the following potential confounders at baseline: age;
sex; race and ethnicity; smoking status; alcohol
intake; New York Heart Association (NYHA)
om ClinicalKey.com by Elsevier on November 30, 2017.
 ©2017. Elsevier Inc. All rights reserved.
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functional class; body mass index (BMI; body weight
in kilograms divided by the square of the height in
meters); comorbidities of diabetes, hypertension, and
dyslipidemia; history of cardiovascular events
(myocardial infarction, angina pectoris, percutaneous
coronary intervention, coronary artery bypass
graft surgery, implanted cardioverter-defibrillator,
implanted pacemaker, atrial fibrillation, hospitaliza-
tion for heart failure, stroke, or peripheral arterial
disease) or chronic obstructive pulmonary disease;
medications (angiotensin-converting enzyme in-
hibitors or angiotensin II receptor blockers, calcium-
channel blockers, diuretics, beta-blockers, aspirin, or
statins); randomization arm (spironolactone or pla-
cebo); eGFR; systolic and diastolic blood pressures;
and heart rate. Race and ethnicity were classified as
white, black, or others. Smoking status was classified
as never smoked, former smoker, or current smoker.
Alcohol intake was categorized as 0, 1 to 5, 6 to 10,
or $11 drinks per week. BMI was categorized as <18.5,
18.5 to 24.9, 25.0 to 29.9, and $ 30.0 kg/m2. Obesity
was defined as BMI $30.0 kg/m2.

STATISTICAL ANALYSIS. Demographic data are pre-
sented as numbers, proportions (%), or mean � SD.
Patients in the present study were divided into 2
groups according to the presence of abdominal
obesity, which was defined as a waist circumference
of $102 cm in men and $88 cm in women (13).
Continuous variables were compared using Student’s
t-test, and categorical variables were compared using
chi-square tests. Kaplan-Meier survival curves were
constructed for primary and secondary outcomes in
patients with and without abdominal obesity. Using
the Cox proportional hazard models, we analyzed and
compared hazard ratios (HRs) for the primary and
secondary outcomes with 95% confidence intervals
(CIs) in patients with abdominal obesity and those
without abdominal obesity. The proportional hazards
assumption was tested and confirmed by graphical
methods using the scaled Schoenfeld residuals (14).
Abdominal obesity is associated with BMI and many
obesity-related diseases such as diabetes, hyperten-
sion, and cardiovascular disease. Because multi-
collinearity in statistical analyses can yield biased
estimates, we carefully performed various analyses
using different models to reveal the association be-
tween abdominal obesity and mortality. In model 1,
we included minimum parameters for multivariable
adjustment: age, sex, race, and ethnicity; smoking
status; and alcohol intake. In model 2, we included
the parameters of model 1 along with the following
conditions and diseases: NYHA functional class, BMI,
diabetes, hypertension, dyslipidemia, myocardial
Downloaded for Anonymous User (n/a) at Capital Universit
For personal use only. No other uses withou
infarction, atrial fibrillation, stroke, peripheral arte-
rial disease, eGFR, and randomization arm (spi-
ronolactone or placebo). In model 3, we included the
parameters of model 2 along with the following
treatments and conditions: treatment by percuta-
neous coronary intervention or coronary artery
bypass graft surgery; implanted cardioverter-
defibrillator; implanted pacemaker; hospitalization
for heart failure; chronic obstructive pulmonary
disease; use of angiotensin-converting enzyme in-
hibitors or angiotensin II receptor blockers, calcium-
channel blockers, diuretics, beta blockers, aspirin, or
statins; systolic and blood pressures; and heart rate.
As a sensitivity analysis, a further adjustment was
made to add country or self-reported health state to
the parameters of the multivariable adjustments of
model 3. Self-reported health state was assessed us-
ing a visual analog scale (0 to 100, with the worst
state marked 0 and the best state marked 100). In
addition, we performed similar analyses using
continuous data of waist circumference (centimeters)
instead of abdominal obesity. Moreover, we per-
formed sensitivity analyses that excluded patients
with a BMI of <18.5 kg/m2 because these patients
might have had unknown or unmeasured comorbid-
ities. We also performed a further sensitivity analysis
limited to patients who were white or black because
the “others” category might have included patients in
whom definitions of obesity and abdominal obesity
might be inaccurate.

Furthermore, we performed Cox proportional
hazard analyses to assess primary and secondary
outcomes in propensity score�matched patients with
and without abdominal obesity (15). We used 1:1
nearest-neighbor matching without replacement to
match all baseline characteristics. The propensity
score was derived using a logistic regression model
that included abdominal obesity as the outcome
variable and all potential confounders listed in Table 1
as explanatory variables. Standardized differences
of <0.10 between propensity score�matched patients
were considered negligible (15).

The primary outcome was further analyzed ac-
cording to clinically relevant subgroups: age (<70
or $70 years), sex (male or female), obesity (non-
obesity or obesity), diabetes (nondiabetes or dia-
betes), ischemic heart disease (no history of ischemic
heart disease or history of ischemic heart disease),
atrial fibrillation (no history of atrial fibrillation or
history of atrial fibrillation), spironolactone (not tak-
ing spironolactone or taking spironolactone), and
NYHA functional class (I and/or II or III and/or IV). To
explore effect modification, we tested for interactions
between abdominal obesity in patients at rest and
y of Medical Sciences from ClinicalKey.com by Elsevier on November 30, 2017.
t permission. Copyright ©2017. Elsevier Inc. All rights reserved.



TABLE 1 Baseline Characteristics of Study Patients With and Without

Abdominal Obesity

Abdominal Obesity

(�)
(n ¼ 897)

(þ)
(n ¼ 2,413) p Value

Age, yrs 69.0 � 9.9 68.3 � 9.4 0.08

Female 33.9 57.8 <0.001

Race and ethnicity

White 92.3 88.9 0.004

Black 4.1 8.9 <0.001

Others 3.6 2.2 0.02

Smoking status

Never 49.5 54.5 0.01

Former 34.7 36.9 0.24

Current 15.8 8.6 <0.001

Alcohol drinks/week

0 72.6 80.1 <0.001

1–5 20.5 15.4 <0.001

6–10 5.0 3.1 0.007

11þ 1.9 1.4 0.31

NYHA functional class

I/II 74.7 65.2 <0.001

III/IV 25.3 34.8

Body mass index, kg/m2

<18.5 1.6 0.0 <0.001

18.5–24.9 36.2 3.4 <0.001

25.0–29.9 50.2 25.8 <0.001

$30.0 12.0 70.8 <0.001

Diabetes 17.3 37.6 <0.001

Hypertension 88.2 92.8 <0.001

Dyslipidemia 54.5 62.3 <0.001

History of cardiovascular events

Myocardial infarction 29.3 25.3 0.02

Angina pectoris 53.3 45.9 <0.001

Percutaneous coronary intervention 14.8 14.3 0.72

CABG surgery 13.0 12.7 0.80

Implanted cardioverter defibrillator 0.9 1.4 0.27

Implanted pacemaker 7.3 8.0 0.47

Atrial fibrillation 32.1 36.5 0.01

Hospitalization for heart failure 72.0 72.9 0.59

Stroke 6.5 8.0 0.12

Peripheral arterial disease 10.1 8.8 0.22

COPD 8.6 12.2 0.004

Continued on the next page
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these subgroups in multivariable model 3. Ischemic
heart disease was defined as myocardial infarction,
angina pectoris, or previous treatment with percuta-
neous coronary intervention or coronary artery
bypass graft surgery. To avoid bias of the Cox pro-
portional hazards models, we performed competing
risk regression models for cardiovascular and non-
cardiovascular mortality (16).

We performed additional analyses to assess the
association between BMI and all-cause mortality
based on 3 classifications of BMI: normal weight (BMI
18.5 to 24.9 kg/m2), overweight (BMI 25 to 29.9 kg/m2),
oaded for Anonymous User (n/a) at Capital University of Medical Sciences fr
For personal use only. No other uses without permission. Copyright
and obese (BMI $30 kg/m2). Because the num-
ber of patients with BMI of <18.5 kg/m2 was small
(n ¼ 14), we did not evaluate outcomes in these
patients.

All statistical analyses were conducted using Stata
software version 14.1 (Stata Corp., College Station,
Texas). Values of p < 0.05 indicated statistical
significance.

RESULTS

CHARACTERISTICS OF STUDY PATIENTS. The pre-
sent study included 2,413 patients with abdominal
obesity and 897 without abdominal obesity. Baseline
characteristics are shown in Table 1. Compared
with patients without abdominal obesity, those with
abdominal obesity were significantly associated with
the following parameters: higher proportion of fe-
male sex; being black; never smoker; lower alcohol
intake; higher proportion of NYHA functional class III
and/or IV; higher BMI; higher prevalences of diabetes,
hypertension, dyslipidemia, myocardial infarction,
angina pectoris, atrial fibrillation, and chronic
obstructive pulmonary disease; more use of
angiotensin-converting enzyme inhibitors or angio-
tensin II receptor blockers, calcium-channel blockers,
diuretics, and statins; lower eGFR; higher systolic
blood pressure; and faster heart rate.

PRIMARY AND SECONDARY OUTCOMES. The mean
follow-up was 3.4 � 1.7 years. During follow-up, 500
patients died. Kaplan-Meier survival curves and cu-
mulative event rates for all-cause, cardiovascular,
and noncardiovascular mortality in patients with and
without abdominal obesity are shown in Figure 1 and
Table 2, respectively. All-cause mortality rates in pa-
tients with and without abdominal obesity were 46.1
and 40.7 events per 1,000 person-years, respectively.
The unadjusted risk of all-cause, cardiovascular, and
noncardiovascular mortality did not significantly
differ between patients with and without abdominal
obesity (all-cause mortality, unadjusted HR: 1.14; 95%
CI: 0.93 to 1.39; p ¼ 0.21 [Figure 1A]; cardiovascular
mortality, unadjusted HR: 1.05; 95% CI: 0.82 to 1.34;
p ¼ 0.71 [Figure 1B]; and noncardiovascular mortality,
unadjusted HR: 1.33; 95% CI: 0.94 to 1.89; p ¼ 0.11
[Figure 1C]). After multivariable adjustment, the risk
of all-cause mortality was significantly higher in pa-
tients with abdominal obesity than in those without
abdominal obesity (model 1, adjusted HR: 1.34; 95%
CI: 1.09 to 1.67; p ¼ 0.006; model 2, adjusted HR: 1.54;
95% CI: 1.18 to 2.01; p ¼ 0.001; and model 3, adjusted
HR: 1.52; 95% CI: 1.16 to 1.99; p ¼ 0.002) (Table 2). HRs
for all-cause mortality remained similar after further
om ClinicalKey.com by Elsevier on November 30, 2017.
 ©2017. Elsevier Inc. All rights reserved.



TABLE 1 Continued

Abdominal Obesity

(�)
(n ¼ 897)

(þ)
(n ¼ 2,413) p Value

Medications

ACE-I/ARB 82.2 85.5 0.02

Calcium-channel blockers 32.7 39.3 0.001

Diuretics 71.8 85.0 <0.001

Beta blockers 78.5 77.6 0.59

Aspirin 67.3 65.1 0.22

Statin 47.1 53.6 0.001

Randomization arm

Spironolactone 51.3 49.7 0.40

Estimated GFR, ml/min/1.73 m2 71.4 � 21.5 66.5 � 19.3 <0.001

Systolic blood pressure, mm Hg 127.6 � 13.1 129.9 � 14.1 <0.001

Diastolic blood pressure, mm Hg 76.1 � 10.2 76.0 � 10.7 0.88

Heart rate, beats/min 68.0 � 9.8 69.2 � 10.5 0.002

Country

United States 24.1 33.8 <0.001

Russia 37.9 30.1 <0.001

Republic of Georgia 23.5 16.6 <0.001

Canada 7.9 10.2 0.04

Brazil 4.1 5.1 0.22

Argentina 2.5 4.2 0.01

Values are mean � SD or %.

ACE-I ¼ angiotensin-converting enzyme inhibitors; ARB ¼ angiotensin II receptor blockers;
CABG ¼ coronary artery bypass graft; COPD ¼ chronic obstructive pulmonary disease;
GFR ¼ glomerular filtration rate; NYHA ¼ New York Heart Association.
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adjustment for country (adjusted HR: 1.48; 95% CI:
1.13 to 1.94; p ¼ 0.004) and health status (adjusted
HR: 1.53; 95% CI: 1.17 to 2.01; p ¼ 0.002). In model 3,
using waist circumference as a continuous variable,
we showed that a higher waist circumference was
significantly associated with an increased risk of all-
cause mortality (adjusted HR: 1.01; 95% CI: 1.01 to
1.02; p < 0.001). In addition, in model 3, in which we
excluded patients with a BMI of <18.5 kg/m2, the
analysis did not change the result (adjusted HR: 1.53;
95% CI: 1.17 to 2.00; p ¼ 0.002). In model 3, with race
and ethnicity limited to white or black, a similar
result was observed (adjusted HR: 1.44; 95% CI: 1.10
to 1.89; p ¼ 0.009). The risk of cardiovascular mor-
tality was also higher in patients with abdominal
obesity than in those without abdominal obesity
(model 1, adjusted HR: 1.25; 95% CI: 0.97 to 1.62;
p ¼ 0.08; model 2, adjusted HR: 1.52; 95% CI: 1.09 to
2.11; p ¼ 0.01; and model 3, adjusted HR: 1.50; 95% CI:
1.08 to 2.08; p ¼ 0.01). Similarly, the risk of non-
cardiovascular mortality was significantly higher in
patients with abdominal obesity than in those
without abdominal obesity (model 1, adjusted HR:
1.55; 95% CI: 1.08 to 2.23; p ¼ 0.01; model 2, adjusted
HR: 1.58; 95% CI: 1.01 to 2.48; p ¼ 0.04; and model 3,
adjusted HR: 1.58; 95% CI: 1.00 to 2.51; p ¼ 0.04).
Competing risk regression analyses for cardiovascular
and noncardiovascular mortality showed similar re-
sults (HR: 1.43; 95% CI: 1.04 to 1.96; p ¼ 0.02 and
HR: 1.51; 95% CI: 0.96 to 2.36; p ¼ 0.07, respectively).

We performed additional sensitivity analyses using
propensity score matching to verify the association
between abdominal obesity and the risk of mortality
in patients with HFpEF. In propensity score�matched
patients (n ¼ 1,058), baseline characteristics between
those with and without abdominal obesity did
not significantly differ (Online Table 1). The risk of
all-cause mortality was significantly higher in pro-
pensity score�matched patients with abdominal
obesity than in those without abdominal obesity
(HR: 1.64; 95% CI: 1.18 to 2.28; p ¼ 0.003) (Central
Illustration, panel A). Similarly, the risk of cardiovas-
cular mortality was significantly higher in those with
abdominal obesity than in those without abdominal
obesity (HR: 1.78; 95% CI: 1.17 to 2.72; p ¼ 0.008)
(Central Illustration, panel B), whereas that of non-
cardiovascular mortality was not significantly higher
in those with abdominal obesity (HR: 1.44; 95% CI:
0.85 to 2.44; p ¼ 0.17) (Central Illustration, panel C).

Figure 2 shows the association between abdominal
obesity and all-cause mortality in the different sub-
groups. There were no significant interactions be-
tween abdominal obesity and age, sex, obesity,
diabetes, ischemic heart disease, atrial fibrillation,
Downloaded for Anonymous User (n/a) at Capital Universit
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use of spironolactone, or NYHA functional class.
Although not all subgroups showed a statistically
significant association, the results indicated that the
risk of all-cause mortality within these subgroups was
higher in patients with abdominal obesity than in
those without abdominal obesity.

The association between BMI and waist circum-
ference or abdominal obesity is presented in Online
Figure 1. Waist circumference increased with BMI in
both men and women. Kaplan-Meier survival curves
and event rates for all-cause mortality in normal,
overweight, and obese patients are shown in Online
Figure 2 and Online Table 2. The cumulative event
rates for all-cause mortality in patients with HFpEF
were the highest in the normal BMI group. The
overweight and obese group had significantly lower
unadjusted HRs for all-cause mortality compared
with the normal BMI group (overweight, unadjusted
HR: 0.59; 95% CI: 0.45 to 0.78; p < 0.001 and obese,
unadjusted HR: 0.73; 95% CI: 0.57 to 0.93; p < 0.01).
Using the multivariable Cox proportional hazards
model, and as shown in model 3, which included the
parameter of abdominal obesity, we found that all-
cause mortality was significantly lower in the over-
weight group (adjusted HR: 0.55; 95% CI: 0.41 to 0.74;
y of Medical Sciences from ClinicalKey.com by Elsevier on November 30, 2017.
t permission. Copyright ©2017. Elsevier Inc. All rights reserved.
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FIGURE 1 Kaplan-Meier Survival Curves for Primary and Secondary Outcomes
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p < 0.001) and in the obese group (adjusted HR: 0.52;
95% CI: 0.38 to 0.72; p < 0.001) compared with the
normal BMI group.

DISCUSSION

The results of the present study demonstrated that
abdominal obesity in patients with HFpEF is signifi-
cantly associated with an increased risk of all-cause
mortality (Central Illustration). In addition, the risk
of cardiovascular and noncardiovascular mortality
was also significantly higher in patients with
abdominal obesity than in those without abdominal
obesity. The association between abdominal obesity
and an increased risk of all-cause mortality was
observed in all clinically relevant subgroups.

Unfortunately, clinical trials in HFpEF failed to
demonstrate that effective treatments for HFrEF
improve outcomes in patients with HFpEF (10,17).
Therefore, appropriate strategies for HFpEF treat-
ment remain poorly defined, possibly due to the
complex pathophysiological mechanisms underlying
HFpEF. Patients with HFpEF frequently have several
comorbidities, such as obesity, metabolic syndrome,
diabetes, hypertension, lung disease, anemia, and
smoking. Based on these coexisting conditions, a
systemic proinflammatory state has been proposed as
a fundamental mechanism that leads to myocardial
inflammation and fibrosis, oxidative stress, and al-
terations in cardiomyocyte signaling pathways (6–9).
These alterations promote microvascular dysfunction
and cardiomyocyte remodeling, and result in left
ventricular dysfunction (6–9). Obesity is a prominent
comorbidity among patients with HFpEF. A previous
study reported the prevalence of being overweight or
obese as >80% among older patients with HFpEF
(1,18–20). A study recently suggested that compared
with patients with HFpEF but without obesity, those
with obesity displayed unique pathophysiological
features, including greater volume overload, more
biventricular remodeling, greater right ventricular
dysfunction, worse exercise capacity, more profound
hemodynamic derangements, and impaired pulmo-
nary vasodilation (21). Obesity has direct and indirect
effects on the heart, including increased myocardial
load associated with plasma volume expansion,
worsening of arterial hypertension, left ventricular
hypertrophy, and increased aortic stiffness (22).
Furthermore, aortic stiffness is worse in patients with
abdominal obesity (23,24). These effects are very
important mechanisms that may contribute to HFpEF
pathophysiology (7). Adipose tissue is an active
endocrine organ and produces proinflammatory
om ClinicalKey.com by Elsevier on November 30, 2017.
 ©2017. Elsevier Inc. All rights reserved.



TABLE 2 All-Cause, Cardiovascular, and Noncardiovascular Mortality in HFpEF Patients

With and Without Abdominal Obesity

Abdominal Obesity

(�)
(n ¼ 897)

(þ)
(n ¼ 2,413) p Value

All-cause mortality

n 126 374

Event rate (per 1,000 person-yrs) 40.7 46.1

Unadjusted HR (95% CI) 1.00 (ref) 1.14 (0.93–1.39) 0.21

Model 1: adjusted HR (95% CI) 1.00 (ref) 1.34 (1.09–1.67) 0.006

Model 2: adjusted HR (95% CI) 1.00 (ref) 1.54 (1.18–2.01) 0.001

Model 3: adjusted HR (95% CI) 1.00 (ref) 1.52 (1.16–1.99) 0.002

Cardiovascular mortality

n 86 235

Event rate (per 1,000 person-yrs) 27.8 29.0

Unadjusted HR (95% CI) 1.00 (ref) 1.05 (0.82–1.34) 0.71

Model 1: adjusted HR (95% CI) 1.00 (ref) 1.25 (0.97–1.62) 0.08

Model 2: adjusted HR (95% CI) 1.00 (ref) 1.52 (1.09–2.11) 0.01

Model 3: adjusted HR (95% CI) 1.00 (ref) 1.50 (1.08–2.08) 0.01

Noncardiovascular mortality

n 40 139

Event rate (per 1,000 person-yrs) 12.9 17.1

Unadjusted HR (95% CI) 1.00 (ref) 1.33 (0.94–1.89) 0.11

Model 1: adjusted HR (95% CI) 1.00 (ref) 1.55 (1.08–2.23) 0.01

Model 2: adjusted HR (95% CI) 1.00 (ref) 1.58 (1.01–2.48) 0.04

Model 3: adjusted HR (95% CI) 1.00 (ref) 1.58 (1.00–2.51) 0.04

In model 1, the following parameters were adjusted: age, sex, race and ethnicity, smoking status, and alcohol
intake. In model 2, the following parameters were adjusted: age, sex, race and ethnicity, smoking status, alcohol
intake, NYHA functional class, body mass index (BMI), diabetes, hypertension, dyslipidemia, myocardial infarc-
tion, atrial fibrillation, stroke, peripheral arterial disease, estimated GFR, and randomization arm (spironolactone
or placebo). In model 3, the following parameters were adjusted: age, sex, race and ethnicity, smoking status,
alcohol intake, NYHA functional class, BMI, diabetes, hypertension, dyslipidemia, myocardial infarction, atrial
fibrillation, stroke, peripheral arterial disease, estimated GFR, randomization arm (spironolactone or placebo),
treatment by percutaneous coronary intervention, treatment by coronary artery bypass graft surgery, implanted
cardioverter defibrillator, implanted pacemaker, hospitalization for heart failure, chronic obstructive pulmonary
disease, use of ACE-I or ARBs, use of calcium-channel blockers, use of diuretics, use of beta blockers, use of
aspirin, use of statins, estimated GFR, systolic blood pressure, diastolic blood pressure, and heart rate.

CI ¼ confidence interval; HFpEF ¼ heart failure with preserved left ventricular ejection fraction; HR ¼ hazard
ratio; other abbreviations as in Table 1.

J A C C V O L . 7 0 , N O . 2 2 , 2 0 1 7 Tsujimoto and Kajio
D E C E M B E R 5 , 2 0 1 7 : 2 7 3 9 – 4 9 Abdominal Obesity in Patients With HFpEF

2745
cytokines, such as interleukin-1beta, tumor necrosis
factor-alpha, and interleukin-18, which may be asso-
ciated with diastolic dysfunction (25,26). However,
although obesity, particularly abdominal obesity, is
related to systemic inflammation (7), the association
between abdominal obesity and the development or
worsening of HFpEF is poorly understood (27–29).
Moreover, there is a lack of studies that has evaluated
the association between abdominal obesity and all-
cause mortality in patients with HFpEF. Obesity is
an independent predictor of heart failure, whereas
once heart failure is diagnosed, patients with heart
failure, including those with obesity, have a better
prognosis than those who are normal weight (30).
This phenomenon has been termed the “obesity
paradox,” which is observed in both patients with
HFrEF and HFpEF (30,31). The obesity paradox was
also observed in the present study. There continues
to be considerable discussion regarding the obesity
paradox, and whether it is a true phenomenon (22,32).
Several explanations include that it is the result of
residual confounding, unrecognized or unmeasured
systemic illness, unintentional weight loss, or selec-
tion bias (32–35). In addition, the inability of BMI to
accurately characterize the severity of obesity may be
associated with the obesity paradox, which may not
be present in sarcopenic obese patients (33,36,37).
Because BMI does not distinguish between fat mass
and lean mass, it is reasonable to assume that higher
amounts of lean mass, particularly skeletal muscle,
exert protective effects (37). Furthermore, parameters
such as waist circumference, waist-to-hip ratio, and
waist-to-height ratio more accurately measure body
composition than BMI (38). Abdominal obesity is a
major risk factor for cardiovascular disease, whereas
peripheral fat appears to confer protective effects
(39). A recent study reported that abdominal obesity
is associated with several measures of adverse cardiac
functions, which are independent of BMI; this effect
could be observed even in nonobese individuals (40).
These data concurred with our observations
regarding the association between abdominal obesity
and adverse cardiovascular outcomes. Not only the
amount of fat, but also the location of adipose tissue,
might be important in patients with HFpEF. In the
present study, abdominal obesity was also associated
with an increased risk of noncardiovascular mortality.
Although the exact reasons remain unknown, a large-
scale study with a long follow-up, which used data
from the Nurses’ Health Study, indicated that
abdominal obesity was positively associated with
cancer mortality and was independent of BMI (41).
Because death from noncardiovascular causes is more
common in patients with HFpEF than in those with
Downloaded for Anonymous User (n/a) at Capital Universit
For personal use only. No other uses withou
HFrEF (42,43), further studies are warranted to reveal
the association between abdominal obesity and non-
cardiovascular mortality.

CLINICAL IMPLICATIONS. After several adjustments,
data from the present study showed that the risk of
all-cause mortality was significantly higher in pa-
tients with abdominal obesity than those without
abdominal obesity, whereas BMI was inversely asso-
ciated with all-cause mortality. Because central body
fat is strongly associated with systemic inflammation
(44), our findings might support the recently pro-
posed hypothesis that the presence of a systemic
proinflammatory state is associated with the patho-
physiological mechanisms that underlie HFpEF (6,7).
Thus, improving abdominal obesity through diet,
exercise, or both, might represent the most basic and
important treatment in patients with HFpEF (45).
Because the long-term outcome of weight reduction
y of Medical Sciences from ClinicalKey.com by Elsevier on November 30, 2017.
t permission. Copyright ©2017. Elsevier Inc. All rights reserved.
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Kaplan-Meier survival curves for all-cause, cardiovascular, and noncardiovascular mortality for in propensity score�matched patients with and without abdominal

obesity. Rates of freedom from (A) all-cause mortality, (B) cardiovascular mortality, and (C) noncardiovascular mortality. HFpEF, heart failure with preserved ejection

fraction.
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in patients with HFpEF remains unknown, random-
ized controlled trials are required to assess whether
an intervention to reduce visceral fat is effective in
patients with HFpEF.

STUDY LIMITATIONS. First, because this was a post
hoc analysis of the TOPCAT trial, the association be-
tween abdominal obesity and adverse outcomes
might not be found in other patients with HFpEF.
Second, because this was an observational study,
oaded for Anonymous User (n/a) at Capital University of Medical Sciences fr
For personal use only. No other uses without permission. Copyright
residual and uncontrolled confounding might still be
present. Specifically, the present study did not
include data regarding obstructive sleep apnea. Many
patients with HFpEF were obese, and the prevalence
of obstructive sleep apnea might be high (46).
Obstructive sleep apnea can contribute to HFpEF
pathogenesis through multiple mechanisms, for
example, sympathetic activation increases left ven-
tricular afterload, hypoxic pulmonary vasoconstric-
tion reduces left ventricular preload, and oxidative
om ClinicalKey.com by Elsevier on November 30, 2017.
 ©2017. Elsevier Inc. All rights reserved.



FIGURE 2 Association Between Abdominal Obesity and All-Cause Mortality in the Subgroups
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IHD (–) (n = 1,339)
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Af (–) (n = 2,141)
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P = 0.74

P = 0.17

P = 0.58
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P = 0.56

P = 0.31
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Af ¼ atrial fibrillation; IHD ¼ ischemic heart disease; NYHA ¼ New York Heart Association.
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stress stimulates inflammation. In addition, it might
be difficult to completely eliminate reverse causality.
However, the present study was evidence-based, and
various sensitivity analyses, including propensity
score matching, consistently showed that abdominal
obesity was associated with an increased risk of
mortality in patients with HFpEF. Further large-scale
studies are required to evaluate whether abdominal
obesity is associated with all-cause, cardiovascular,
and noncardiovascular mortality in patients with
HFpEF.

CONCLUSIONS

The findings of the present study demonstrated that
abdominal obesity in patients with HFpEF is signifi-
cantly associated with higher risks of all-cause, car-
diovascular, and noncardiovascular mortality. The
association between abdominal obesity and increased
Downloaded for Anonymous User (n/a) at Capital Universit
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mortality was also observed in various clinically
important subgroups. Further studies are required to
elucidate the detailed mechanisms underlying the
association between abdominal obesity and adverse
outcomes in patients with HFpEF.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: HFpEF

patients with abdominal obesity face a higher risk

of all-cause mortality than those without abdominal

obesity.

TRANSLATIONAL OUTLOOK: Prospective studies are

needed to assess the safety and efficacy of interventions

that prevent or reduce abdominal obesity in patients

with HFpEF.
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