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Background: Despite the obesity paradox, visceral adiposity is associated with poor clinical outcomes in patients
with heart failure with preserved ejection fraction (HFpEF). However, it remains unclear whether a relationship
between visceral fat and clinical outcomes exists in Asian patients with HFpEF, in whom obesity is rare.
Methods: Visceral and subcutaneous adipose tissue (VAT and SAT) volume and area were measured using
computed tomography (CT) in 196 HFpEF patients. The primary endpoint was a composite of all-cause mortality
or HF hospitalization.

Results: Participants had a normal body mass index (BMI) (22.5 + 4.4 kg/m?), and obesity (BMI > 30 kg/m?) was
rare (4.6 %). The primary outcome was observed in 64 patients during a median follow-up of 11.6 months. Lower
VAT and SAT volumes were associated with underweight and malnutrition. Composite outcomes increased as
body weight, BMI, and height-indexed SAT volume and area decreased. Lower height-indexed VAT volume and
area were also associated with the outcomes. The height-indexed SAT area provided independent and incre-
mental prognostic value over age, BMI, blood pressure, and creatinine and albumin levels.

Conclusions: In lean East Asian patients with HFpEF, a lower VAT volume was associated with poorer clinical
outcomes. CT-based assessments of adiposity may provide incremental prognostic value over simple anthropo-
metric indices in lean HFpEF patients.

Malnutrition
Obesity
Visceral fat

1. Introduction obesity and adiposity, previous studies have shown an “obesity paradox”

in which a higher body mass index (BMI) is associated with lower

Heart failure (HF) with preserved ejection fraction (HFpEF) accounts
for more than half of all HF cases [1]. The prevalence of HFpEF relative
to HF with reduced ejection fraction (HFrEF) has been increasing at an
alarming rate due to the aging population and increasing burden of
lifestyle-related comorbidities, such as systemic hypertension, diabetes,
chronic kidney disease, and obesity [2]. Obesity is common in patients
with HFpEF (60-75 %) [1]. Obesity and increased adiposity are asso-
ciated with increased volume retention, more severe inflammatory state,
worse cardiac hemodynamics, reduced exercise capacity, greater
symptom severity, and poor quality of life [3-8] and may be involved in
the pathogenesis of HFpEF [1,2,9-11]. Despite the adverse effects of

mortality in HFpEF [12,13].

Although BMI is widely used as a measure of general obesity, it does
not provide information on the regional fat distribution [14]. Recent
studies demonstrated the pathophysiological importance of visceral
adiposity in HFpEF [14]. Excess visceral adiposity is associated with
worse hemodynamics and a reduced exercise capacity [15,16]. Despite
the obesity paradox, increased visceral adiposity is associated with
worse clinical outcomes in patients with HFpEF [12,13]. This trend has
also been observed among Asian patients with HFpEF, in whom obesity
(defined as BMI > 30 kg/mz) is less prevalent (25.5 %) than that among
Western patients [13,17]. Notably, regional variation exists in
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comorbidities across Asia. The prevalence of obesity in HFpEF is sub-
stantially lower in East Asian countries (6.5 %) such as Japan and South
Korea [17,18], and the patients may rather have underweight or sar-
copenia. However, the relationship between visceral fat and clinical
outcomes in East Asian patients with HFpEF remains unclear. Therefore,
this study aimed to evaluate the relationship between the amount of
visceral and subcutaneous adipose tissues (VAT and SAT, respectively)
measured using abdominal computed tomography (CT) and prognosis in
Japanese patients with HFpEF.

2. Methods
2.1. Study population

This retrospective observational study examined the association
between the amount of VAT and SAT and clinical outcomes in Japanese
patients with HFpEF. Some participant data from this study were pre-
viously published [7,19-23], but not in relation to the prognostic value
of adiposity. Patients presenting at Gunma University Hospital in Mae-
bashi, Japan between January 2014 and December 2020 were screened
for HFpEF. HFpEF was defined using the typical clinical symptoms of HF
(exertional dyspnea, fatigue, or peripheral edema), EF > 50 %, and with
at least one of the following: directly measured pulmonary capillary
wedge pressure > 15 mmHg, B-type natriuretic peptide (BNP) levels >
200 pg/ml, ratio of early diastolic mitral inflow velocity to early dia-
stolic mitral annular tissue velocity (E/e’) > 15, left atrial volume index
> 34 mL/mZ, or previous HF-related hospitalization [24,25]. We
excluded patients with EF < 50 %, a recovered EF (previous EF < 40 %),
pulmonary arterial hypertension, significant left-sided valvular heart
disease, acute coronary syndrome, congenital heart disease, or cardio-
myopathy. Patients with abdominal CT examinations (non-contrast)
were identified from this cohort. If patients had multiple abdominal CT
scans during the study period, the oldest examination was used as an
index evaluation. Clinical demographics, past medical history, current
medications, laboratory results, and standard echocardiography were
collected from a chart review. This study was approved by our clinical
research review board with waiver of consent (HS2021-197) and was
performed in accordance with the Declaration of Helsinki.

2.2. Assessment of anthropometrics, nutritional status, and visceral and
subcutaneous fat amount

Ideal body weight (in kilograms) was calculated from height (in

centimeters): (height — 100) — ([height — 150] /a), where a = 4 for men
and 2.5 for women [26]. Excess body weight (kg) was determined as the
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actual body weight — ideal body weight. Nutritional status was assessed
using the Geriatric Nutritional Risk Index (GNRI) [27]. Abdominal CT
scans were obtained according to the clinical indications. Waist
circumference (WC) was measured based on abdominal CT at the level
of the 3rd lumbar vertebra. The waist-to-height ratio (WHtR) was
calculated as waist (cm) divided by height (cm) [13].

The VAT and SAT amounts were assessed by volume and area using
commercially available semi-automated software (SYNAPSE VINCENT,
Fyjifilm Inc., Tokyo, Japan) [28]. Unenhanced abdominal CT data were
imported into the software as Digital Imaging and Communication in
Medicine format. The software automatically identified the total adipose
tissue volume enclosed within the whole abdominal cavity (VAT vol-
ume) and total adipose tissue volume outside the abdominal cavity be-
tween the diaphragm and pubic symphysis levels (SAT volume). The
VAT and SAT areas were calculated based on tomographic cross-
sectional areas at the level of the 3rd lumbar vertebra and defined as
the area containing pixels with an attenuation value of —190 to —30 HU
(Fig. 1) [15]. Fat volumes and areas were then indexed to the square of
height (in meters) to account for body size [15,28]. All CT measure-
ments were performed in a blinded manner (Y.S.).

2.3. Outcome assessment

All subjects were followed up from the day of abdominal CT
assessment. The primary endpoint of this study was the composite of all-
cause mortality and hospitalization for HF. Hospitalization for HF was
defined as dyspnea and pulmonary edema on chest radiography,
requiring intravenous diuretic treatment.

2.4. Statistical analysis

Data were reported as the mean (standard deviation), median
(interquartile range, IQR), or number (%) unless otherwise specified.
Between-group differences were compared using the chi-square test,
unpaired t-test, or Mann-Whitney U test. Pearson’s and Spearman’s
analyses were used to assess the correlations between the two variables
of interest. The unadjusted risk of the composite outcome across the
tertiles of the measures of adiposity was assessed using Kaplan-Meier
(KM) curve analysis. Univariable and multivariable Cox proportional
hazards models were then applied to evaluate hazard ratios and their 95
% confidence intervals. To account for potential confounding factors,
two multivariable Cox models were used: 1) clinical model: age, sex,
diastolic blood pressure (BP), levels of creatinine and albumin, and in-
dications for CT scan (evaluation for cardiovascular diseases, respiratory
diseases, infection or fever or unknown origin, hematologic malignancy,

Fig. 1. Abdominal computed tomography
images of patients with heart failure with
preserved ejection fraction. (A-B) Cross-
sectional abdominal computed tomography
images for the adiposity analyses from a lean
HFpEF patient (BMI of 17.1 kg/m?) show a
much lesser degree of both visceral and
subcutaneous amounts of adipose tissue than
those from an obese patient (BMI 32.9 kg/
m?). Red and blue areas indicate visceral and
subcutaneous adipose tissue, with the green
area indicating abdominal skeletal muscle.
BM]I, body mass index; HFpEF, heart failure
with preserved ejection fraction. (For inter-
pretation of the references to colour in this
figure legend, the reader is referred to the
web version of this article.)

Height-indexed VAT area: 140.3 cm2/m2
Height-indexed SAT area: 134.8 cm?/m?
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solid malignancy, non-neoplastic abdominal diseases, or others); and 2)
echocardiographic model: age, sex, ratio of early mitral inflow velocity
to annular tissue velocity (E/e’ ratio), estimated pulmonary artery sys-
tolic pressure (ePASP), and left ventricular global longitudinal strain
(GLS). To avoid multicollinearity, we did not include body weight, BMI,
or GNRI in the multivariable models. The incremental prognostic value
of CT-based adipose measurements was assessed using the likelihood
ratio test by comparing models with and without the variables. The test
follows a chi-squared distribution, with degrees of freedom equal to the
number of added variables. All tests were two-sided, with P values of <
0.05 considered significant. All analyses were performed using SPSS
(SPSS version 25.0 (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Clinical characteristics

A total of 413 HFpEF patients were identified, of whom 226 under-
went abdominal CT imaging. Of the 226 patients, 28 were excluded due
to the lack of prognostic data and 2 were not tested in a compensated
state, remaining 196 HFpEF patients for the final analysis (Supple-
mental Fig. 1). Patients included in the analysis (n = 196) had higher
diastolic BP, lower levels of hemoglobin and albumin, lower renal
function, and lower GLS, but other baseline characteristics were similar
to patients not referred for CT imaging (n = 187)(Supplemental
Table 1).

Overall, enrolled patients (n = 197) had a normal BMI (mean 22.5 +
4.4 kg/m?); the BMI distribution indicating that prevalence of obesity
(BMI > 30 kg/mZ) was rare (4.6 %) (Fig. 2). However, one-third of
patients had diabetes. During a median follow-up period of 11.6 months
(IQR, 4.2-28.5), 64 patients developed the composite events (36 all-
cause deaths and 28 hospitalizations for HF). Comparisons of the clin-
ical characteristics between patients with and without composite events
are presented in Table 1. There were no significant differences in age,
sex, systolic and diastolic BP, heart rate, prevalence of comorbidities,
and indications for CT scan. While HFpEF patients with the events were
treated with diuretics more frequently than those without, the use of
other medications was similar between the groups. Patients with com-
posite events had lower hemoglobin and albumin levels, higher BNP
levels, lower GNRI, higher ePASP, and worse renal function than those
without composite events. Other echocardiographic variables were
similar between the groups.

Regarding anthropometric measures, body height and ideal body
weight were similar between the patients with and without composite
events (Table 2). Actual body weight, excess body weight, BMI, WC, and
WHIR were significantly lower in HFpEF patients with composite events
than in those without composite events. On volumetric (3D) CT
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Fig. 2. Distribution of body mass index in the study population. The dis-
tribution of BMI among all patients shows that the prevalence of obesity (BMI
> 30 kg/m?) is low (4.6 %). Abbreviations as in Fig. 1.
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Table 1
Clinical demographics.
Event (—) Event (4) P value
(n =132) (n =64)
Age (years) 75+ 11 75+ 11 0.56
Female, n (%) 64 (48 %) 27 (42 %) 0.41
Indications for CT scan, n (%)
Cardiovascular diseases 37 (28 %) 12 (19 %)
Respiratory diseases 9 (7 %) 3 (5 %)
Infection/FOU 17 (13 %) 10 (16 %)
Hematologic malignancy 3(2%) 4 (6 %) 0.14
Solid malignancy 45 (34 %) 22 (34 %)
Non-neoplastic abdominal diseases 5 (4 %) 8 (13 %)
Others 16 (12 %) 5 (7 %)
Vital signs
Systolic BP (mmHg) 129 + 21 128 + 23 0.81
Diastolic BP (mmHg) 68 + 15 64 + 11 0.05
Heart rate (bpm) 75+ 17 73 +17 0.35
Comorbidities
Hypertension, n (%) 101 (77 %) 56 (88 %) 0.07
Coronary artery disease, n (%) 33 (25 %) 13 (20 %) 0.47
Atrial fibrillation, n (%) 63 (48 %) 35 (55 %) 0.36
Diabetes mellitus, n (%) 43 (33 %) 20 (31 %) 0.85
Medications
ACEI or ARB, n (%) 56 (42 %) 32 (50 %) 0.32
Beta-blocker, n (%) 50 (38 %) 25 (39 %) 0.87
Diuretic, n (%) 79 (60 %) 49 (77 %) 0.02
MRA, n (%) 47 (36 %) 15 (23 %) 0.09
Laboratory data
Hemoglobin (g/dL) 11.6 £ 2.2 10.3 + 2.0 <0.001
Albumin (g/dL) 3.5+ 0.6 3.2+0.7 0.002
Creatinine (mg/dL) 1.2+1.1 1.7+ 1.3 0.007
eGFR (mL/min/1.73 m?) 56 + 24 40 + 20 <0.001
GNRI (points) 95 + 14 87 +£13 <0.001
BNP (pg/mL) 168 (86, 283) 316 (241, 490) <0.001
Echocardiography
LV ejection fraction (%) 62+ 6 63+7 0.55
GLS (%) —15.9 + 4.2 —-16.3 + 4.2 0.53
LV mass index (g/m?) 102 £+ 27 107 + 34 0.23
E/e’ ratio 16.8 £ 7.3 18.3 +10.2 0.28
LA volume index (mL/m?) 54 + 36 58 + 36 0.45
ePASP (mmHg) 30+9 35+ 13 0.02

Values are mean + SD, median (interquartile range), or n (%). ACEIs/ARBs,
angiotensin-converting enzyme inhibitors/angiotensin-receptor blockers; BNP,
B-type natriuretic peptide; BP, blood pressure; E/e’, ratio of early diastolic mitral
inflow velocity to early diastolic mitral annular tissue velocity; eGRF, estimated
glomerular filtration rate; ePASP, estimated pulmonary artery systolic pressure;
FOU, fever of unknown origin; GLS, global longitudinal strain; GNRI, Geriatric
Nutritional Risk Index; LA, left atrial; LV, left ventricular; and MRA, mineralo-
corticoid receptor antagonists.

measurements, HFpEF patients with composite events had lower abso-
lute VAT and SAT volumes and areas than those without composite
events; these differences remained significant after indexing for height.

3.2. Associations between CT-derived adiposity and nutritional status

Excess body weight was highly correlated with increased visceral
and subcutaneous adiposity (Supplemental Fig. 2, Supplemental
Table 2). Moderate correlations were observed between the GNRI and
CT-based measurements of VAT and SAT (Supplemental Fig. 2, Sup-
plemental Table 2). These data suggest that lower VAT and SAT values
were associated with underweight and malnutrition statuses in patients
with HFpEF.

3.3. Outcome analysis

KM curve analysis showed that patients in the first (lowest) and
second (intermediate) tertiles of actual body weight had poorer out-
comes than those in the third (highest) tertile (Fig. 3A). There was a
dose-dependent increase in the composite outcomes as BMI decreased
(Fig. 3B). KM curves demonstrated similar trends toward higher rates of
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Table 2
Anthropometric findings and measures of visceral and subcutaneous adipose
tissue.

Event (—) Event (+) P value

(n =132) (n = 64)
Body height (cm) 156 + 10 156 + 9 0.99
Ideal body weight (kg) 55+7 55 +17 0.95
Body weight (kg) 57 £ 15 52+ 11 0.02
Excess body weight (kg) 2.2+11.9 -2.2+9.0 0.01
Body mass index (kg/m?) 23.1+4.6 21.4 + 3.6 0.01
Waist circumference (cm) 85.7 £ 13.6 81.1 +£10.3 0.01
Waist to height ratio 0.55 + 0.08 0.52 + 0.07 0.01
VAT and SAT volume
VAT volume (cm®) 3107 +£ 2077 2317 + 1670 0.009
Height-indexed VAT volume (cm®/m?) 1242 + 768 938 + 645 0.007
SAT volume (cm®) 3512 + 2514 2228 + 1517  <0.001
Height-indexed SAT volume (cm®/m?) 1425 + 994 933 + 670 <0.001
VAT and SAT area
VAT area (sz) 143 + 96 103 + 77 0.004
Height-indexed VAT area (cm?/m?) 57.1 + 35.8 41.6 +29.8 0.003
SAT area (cm?) 99.8 + 71.4 62.2 + 43.1 <0.001
Height-indexed SAT area (cm?/m?) 40.4 + 28.1 25.8 + 18.6 <0.001

Values are mean + SD, or median (interquartile range). SAT, subcutaneous
adipose tissue; and VAT, visceral adipose tissue.

composite outcomes as WC and WHtR decreased (Fig. 3C-D).
Regarding CT-derived measures of adiposity, patients in the first and
second tertiles of height-indexed VAT volume had poorer outcomes than
those in the third tertile (Fig. 4A). Similar results were obtained for the
height-indexed VAT areas (Fig. 4B). There was a dose-dependent asso-
ciation between height-indexed SAT volume and outcomes, in which
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patients with lower SAT volume demonstrated worse outcomes
(Fig. 4C). A similar dose-dependent relationship was observed between
height-indexed SAT area and outcomes (Fig. 4D) and in the analyses
using absolute values of VAT and SAT areas (Supplemental Fig. 3).

In univariate Cox proportional hazard models, patients in the lowest
tertiles of actual body weight, BMI, WC, WHtR, absolute and indexed
VAT areas, absolute SAT area, absolute and height-indexed VAT vol-
umes, and height-indexed SAT volume demonstrated an increased risk
of the composite outcome compared with those in the highest tertiles
(Table 3). There was a dose-dependent inverse relationship between
GNRI, height-indexed SAT area, and absolute SAT volume and com-
posite outcomes. Sex-specific outcome analyses consistently demon-
strated the association between poorer nutritional status, lower visceral
and subcutaneous fat, and outcomes in both sexes (Supplemental
Fig. 4). In multivariate Cox proportional hazards models adjusted for
age, sex, diastolic BP, levels of creatinine and albumin, and indications
for CT scan (Clinical models), the associations between CT-derived
measures of adiposity and outcomes remained significant; however,
the association between anthropometric measures and composite
outcome did not (p > 0.08). The association between CT-based 3D and
2D measurements of VAT and SAT and outcomes also remained signif-
icant after adjusting for age, sex, E/e’ ratio, ePASP, and GLS (echo
models).

In the sequential nested models, the addition of creatinine and al-
bumin levels significantly improved the model based on age, BMI, and
diastolic BP (Fig. 5). The prognostic value was further improved by
adding height-indexed SAT area (likelihood ratio test chi-squared value,
43.0 vs 38.0; p = 0.03). However, the addition of height-indexed VAT
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Fig. 3. Kaplan-Meier curve analyses demonstrating the association between body measurements and composite outcomes.(A) Kaplan-Meier curve analyses
show that patients in the lowest and intermediate tertiles of actual body weight have poorer outcomes than those in the highest tertile. (B) There is a dose-dependent
increase in the composite outcomes as BMI decreased. (C-D) Similar trends are observed when dividing the participants based on the tertiles of waist circumference or

waist-to-height ratio. T, tertile; Abbreviations as in Fig. 1.
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Fig. 4. Kaplan-Meier curve analyses demonstrating the association between CT-based fat measurements and composite outcomes.(A-B) Patients in the
lowest and intermediate tertiles of height-indexed VAT volume or area have poorer outcomes than those in the highest tertile. (C-D) There are dose-dependent
associations between height-indexed SAT volume or area and outcomes, in which patients with lower SAT amounts have worse outcomes. CT, computed tomog-

raphy; SAT, subcutaneous adipose tissue; and VAT, visceral adipose tissue.

area did not demonstrate an incremental prognostic value over the
model based on age, BMI, diastolic BP, and levels of creatinine and al-
bumin (likelihood ratio test chi-squared value, 41.4 vs 38.0; p = 0.07).

In sensitivity analyses evaluating the individual endpoints, height-
indexed VAT area and volume and height-indexed SAT area and vol-
ume were associated with all-cause mortality (Supplemental Fig. 5).
While height indexed VAT area and volume were also associated with
HF hospitalization, height-indexed SAT area and volume were not
(Supplemental Fig. 6).

4. Discussion

In this study, we examined the regional fat distribution using
abdominal CT in Japanese patients with HFpEF and investigated the
association between CT-derived measurements of visceral and subcu-
taneous adiposity and clinical outcomes. We found that prevalence of
obesity was low, lower visceral and subcutaneous adiposity were asso-
ciated with underweight and malnutrition statuses, and a dose-
dependent increase in the composite outcomes as BMI or body weight
(an indicator of general adiposity) decreased. We found similar results in
the association between the amount of SAT and composite outcomes, in
which patients with a lower SAT volume or area had higher rates of
adverse events. Additionally, lower WC, WHtR, and VAT volume or area
were associated with composite outcomes in patients with HFpEF. Pre-
vious studies examining HFpEF patients from wide regions of Asia have
demonstrated an association between abdominal obesity and the risk of
mortality and morbidity. However, our data suggested that lower
visceral fat was associated with an increased risk in East Asian patients
with HFpEF, where the prevalence of obesity was low.

4.1. Potential mechanisms of the associations between lower visceral fat
and worse clinical outcomes

Consistent with prior reports [17,18], we found a substantially low
prevalence of obesity in our cohort. This low prevalence of obesity was
also consistent with recent studies performed in Japan and Korea
[29,30]. In our study, we confirmed the results of previous studies and
observed the obesity paradox between markers of general adiposity
(BMI and body weight) and clinical outcomes in HFpEF [13,31]. We
further demonstrated similar results in the association between the
amount of SAT and outcomes.

Recent studies have shown the pathophysiological importance of
regional adipose tissue distribution in patients with HFpEF, especially
visceral adiposity [10]. Increased visceral adiposity is associated with
adipose tissue dysfunction, in which the upregulation of proin-
flammatory adipokines (e.g., leptin, tumor necrosis factor-a,
interleukin-6, and resistin) and downregulation of anti-inflammatory
adipokines (e.g., adiponectin and omentin-1) leads to chronic low-
grade systemic inflammation. Previous studies have demonstrated that
the amount of visceral fat is larger in patients with HFpEF than in pa-
tients without HF, in whom the increased visceral adiposity is associated
with hemodynamic derangements, reduced exercise capacity, and
poorer quality of life [5,15,16,32,33]. Despite the obesity paradox,
visceral adiposity is associated with worse clinical outcomes in patients
with HFpEF [12,34]. This association was also reported in Asian pop-
ulations, in whom a higher WHIR is associated with poorer outcomes
(mean BMI 27.1 + 6.0 kg/m?) [13]. These data suggest adverse prog-
nostic effects of visceral adiposity even in Asian patients with HFpEF.

To our knowledge, this is the first study to investigate the association
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Table 3
Univariable and multivariable Cox proportional hazard models for the association with adverse events.
Univariable analysis Clinical model Echo model

Variables HR (95 % CI) P value HR (95 % CI) P value HR (95 % CI) P value
Body height
2Tvs1T 1.65 (0.91-3.01) 0.10 2.43 (1.11-5.32) 0.03 1.45 (0.69-3.04) 0.32
3Tvs1T 1.13 (0.59-2.15) 0.71 2.25 (0.83-6.16) 0.11 0.83 (0.30-2.31) 0.72
Body weight
2Tvs1T 1.39 (0.80-2.42) 0.25 1.92 (0.92-4.00) 0.08 1.20 (0.65-2.21) 0.56
3Tvs1T 0.50 (0.26-0.98) 0.04 0.82 (0.33-2.03) 0.66 0.44 (0.20-0.98) 0.04
Body mass index
2Tvs1T 0.68 (0.38-1.21) 0.19 1.03 (0.54-1.96) 0.92 0.76 (0.42-1.38) 0.37
3Tvs1T 0.43 (0.23-0.80) 0.01 0.70 (0.35-1.42) 0.32 0.47 (0.25-0.91) 0.03
GNRI
2Tvs1T 0.44 (0.26-0.79) 0.006 0.66 (0.31-1.38) 0.27 0.53 (0.28-1.01) 0.05
3Tvs1T 0.23 (0.16-0.47) <0.001 0.34 (013-0.92) 0.03 0.33 (0.15-0.72) 0.005
CT findings (2D)
Waist circumference
2Tvs1T 1.01 (0.58-1.78) 0.96 1.32 (0.67-2.60) 0.42 1.03 (0.57-1.85) 0.93
3Tvs1T 0.50 (0.26-0.95) 0.04 0.61 (0.29-1.29) 0.20 0.51 (0.25-1.05) 0.07
Waist to height ratio
2Tvs1T 0.74 (0.42-1.30) 0.30 0.98 (0.52-1.85) 0.94 0.83 (0.46-1.49) 0.83
3Tvs1T 0.43 (0.22-0.81) 0.009 0.56 (0.28-1.12) 0.10 0.51 (0.26-1.00) 0.05
VAT area
2Tvs1T 0.99 (0.57-1.71) 0.97 0.96 (0.52-1.78) 0.89 0.99 (0.56-1.77) 0.99
3Tvs1T 0.38 (0.19-0.75) 0.005 0.38 (0.18-0.80) 0.01 0.41 (0.20-0.87) 0.02
Height-indexed VAT area
2Tvs1T 0.83 (0.48-1.44) 0.52 0.90 (0.49-1.66) 0.74 0.83 (0.47-1.48) 0.54
3Tvs1T 0.35 (0.17-0.68) 0.002 0.33 (0.16-0.70) 0.004 0.39 (0.19-0.79) 0.01
SAT area
2Tvs1T 0.68 (0.39-1.18) 0.17 0.80 (0.44-1.66) 0.74 0.82 (0.46-1.47) 0.50
3Tvs1T 0.25 (0.12-0.49) <0.001 0.27 (0.12-0.59) <0.001 0.29 (0.14-0.60) 0.001
Height-indexed SAT area
2Tvs1T 0.48 (0.28-0.85) 0.01 0.74 (0.44-1.35) 0.32 0.57 (0.31-1.04) 0.57
3Tvs1T 0.25 (0.13-0.49) <0.001 0.29 (0.14-0.62) 0.001 0.30 (0.15-0.62) 0.001
CT findings (3D)
VAT volume
2Tvs1T 0.97 (0.56-1.68) 0.92 0.89 (0.48-1.66) 0.72 1.02 (0.58-1.80) 0.95
3Tvs1T 0.37 (0.19-0.74) 0.005 0.43 (0.21-0.88) 0.02 0.42 (0.20-0.88) 0.02
Height-indexed VAT volume
2Tvs1T 1.00 (0.58-1.72) 0.99 0.91 (0.50-1.67) 0.76 1.07 (0.61-1.87) 0.82
3Tvs1T 0.34 (0.17-0.69) 0.003 0.35 (0.16-0.74) 0.006 0.39 (0.18-0.82) 0.01
SAT volume
2Tvs1T 0.43 (0.24-0.77) 0.005 0.49 (0.25-0.96) 0.04 0.52 (0.28-0.98) 0.04
3Tvs1T 0.14 (0.14-0.52) <0.001 0.33 (0.16-0.67) 0.002 0.32 (0.16-0.65) 0.002
Height-indexed SAT volume
2Tvs1T 0.64 (0.37-1.12) 0.12 0.66 (0.34-1.26) 0.20 0.73 (0.40-1.32) 0.30
3Tvs1T 0.31 (0.16-0.60) <0.001 0.44 (0.22-0.89) 0.02 0.38 (0.18-0.78) 0.009

Clinical models are adjusted for age, sex, diastolic blood pressure, albumin and creatinine levels, and the indications for CT scan. Echo models are adjusted for age, sex,
E/e’, ePASP, and GLS. CI, confidence interval, HR hazard ratio, T, tertile; and other abbreviations as in Tables 1 and 2.

between visceral obesity, evaluated using CT-based 2D and 3D mea-
surements, and clinical outcomes in East Asian patients with HFpEF. In
contrast to the results of the Asian population ', we demonstrated that
increased VAT amounts were associated with better clinical outcomes in
lean patients with HFpEF (mean 22.5 + 4.4 kg/m?, obesity prevalence
4.9 %). This result was consistent, regardless of the indices used to
evaluate visceral adiposity. Potential explanations could be the
discrepancy in the absolute amount of visceral fat between East Asian
and Western populations. The VAT area was substantially smaller in our
population than in the Western population (height-indexed VAT area of
57 + 37 ecm?/m? in men and 47 £ 32 cm?/m? in women in the current
study; 93 + 49 cm?/m? in American men and 70 + 42 cm?/m? in
American women) [15]. These data, along with moderate correlations of
VAT measurements with excess body weight and the GNRI, indicated
that lower VAT amounts were associated with underweight and
malnutrition statuses in East Asian patients with HFpEF. The current
data may be in agreement with prior studies showing an association
between unintentional weight loss, malnutrition status, and poorer
outcomes in lean Japanese patients with HFpEF (mean BMI 22.1-23.1
kg/m?) [35,36]. Collectively, these data suggest that a lower VAT
amount might reflect underweight or malnutrition statuses that are

associated with sarcopenia, frailty, and cachexia in lean patients with
HFpEF, leading to a worse clinical course [37]. Further studies are
required to determine the mechanisms underlying the association be-
tween decreased visceral adiposity and outcomes in lean Asian
populations.

4.2. Clinical implications

These findings have important therapeutic implications. Obesity is
common in patients with HFpEF [3,10,38], and excess adiposity may be
a therapeutic target in HFpEF patients with morbid obesity [38,39].
Intentional weight loss via caloric restriction or aerobic training is
associated with a reduction in visceral fat and improvements in exercise
capacity and quality of life in obese patients with HFpEF (mean BMI 39.3
+ 5.6 kg/mz) [39]. Conversely, the results of previous studies and our
study indicate that improvements in nutritional status may contribute to
better clinical outcomes in lean patients with HFpEF [35,36]. To achieve
this, nutritional assessments, which include anthropometric measure-
ments (e.g., body weight, body height, BMI, and WC), body composition
analyses (dual-energy X-ray absorptiometry, and bioelectrical imped-
ance analysis), biochemical testing (e.g., albumin, prealbumin, and
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Fig. 5. Incremental prognostic value of height-indexed subcutaneous ad-
ipose tissue.The addition of creatinine and albumin levels significantly im-
proves the model based on age, BMI, and DBP. The prognostic value is further
improved by adding height-iSAT area. DBP, diastolic blood pressure; iSAT,
indexed SAT; Abbreviations as in Figs. 1 and 4.

cholesterol levels), and nutritional screening tools (e.g., GNRI, Mini
Nutritional Assessment®, and Controlling Nutritional Status) may be the
first step [37,40]. Regional fat distribution can be evaluated by
measuring the WC, WHtR, and waist-to-hip ratio. Although these indices
are easily and noninvasively obtainable, they do not accurately differ-
entiate regional body composition or directly evaluate the amount of fat.
In the present study, CT-derived measurements of adiposity were inde-
pendently associated with clinical outcomes, but simple anthropometric
measures were not. In particular, height-indexed SAT area demonstrated
an incremental prognostic value over the model based on age, BMI,
diastolic BP, and creatinine and albumin levels, suggesting that CT-
based fat assessments may provide additional risk stratification in lean
patients with HFpEF.

The EMPEROR-Preserved trial demonstrated that empagliflozin re-
duces clinical outcomes in patients with HFpEF [41]. It has also been
reported that sodium-glucose cotransporter 2 (SGLT2) inhibitors are
associated with decreased body weight and visceral fat [42]. The current
data did not discourage the use of SGLT2 inhibitors in lean East Asian
patients with HFpEF. Our results may indicate the adverse prognostic
impacts of underweight status, malnutrition status, or unintentional
weight loss over therapy-related weight reduction. Empagliflozin is well
tolerated, even in Asian diabetic patients with low BMI [43]. Further
studies are warranted to confirm the safety and effectiveness of SGLT2
inhibitors for lean patients with HFpEF.

4.3. Limitations

This was a retrospective study from a tertiary referral center and had
inherent flaws related to selection and referral bias. There is also referral
bias in that all participants were referred for abdominal CT scan. The
sample size and event rate were modest. Due to the retrospective design
of the study, there was some variability in the CT scanners. Nutritional
status was assessed using GNRI alone. Usage of SGLT2 inhibitors was
rare and we could not assess their impact on the relationship between
adiposity and clinical outcomes.

5. Conclusions

In lean East Asian patients with HFpEF, lower VAT and SAT amounts

1JC Heart & Vasculature 44 (2023) 101162

were associated with poorer clinical outcomes. When available, CT-
based assessment of adiposity may better characterize underweight
and malnutrition statuses and provide incremental prognostic value
over simple anthropometric indices in lean patients with HFpEF.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

Dr. Obokata received research grants from JSPS KAKENHI
21K16078.

Sources of funding

Dr. Obokata received research grants from the Fukuda Foundation
for Medical Technology, Mochida Memorial Foundation for Medical and
Pharmaceutical Research, Nippon Shinyaku, Takeda Science Founda-
tion, Japanese Circulation Society, and Japanese College of Cardiology.

Disclosure

Dr. Obokata received speaker honoraria from Novartis, Otsuka
pharmaceutical, Nippon Boehringer-Ingelheim, and Bayer. Dr. Ishii
received lecture fees from Astellas Pharma, AstraZeneca, Bayer Phar-
maceutical Co. Ltd., Boehringer Ingelheim Japan, Bristol Myers Squibb,
Daiichi-Sankyo, Mochida Pharma, Pfizer Japan Inc., and Tanabe
Mitsubishi.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.ijcha.2022.101162.

References

[1] B.A. Borlaug, Evaluation and management of heart failure with preserved ejection
fraction, Nat. Rev. Cardiol. 17 (2020) 559-573, https://doi.org/10.1038/541569-
020-0363-2.

[2] S.M. Dunlay, V.L. Roger, M.M. Redfield, Epidemiology of heart failure with
preserved ejection fraction, Nat. Rev. Cardiol. 14 (2017) 591-602, https://doi.org/
10.1038/nrcardio.2017.65.

[3] M. Obokata, Y.N.V. Reddy, S.V. Pislaru, V. Melenovsky, B.A. Borlaug, Evidence
Supporting the Existence of a Distinct Obese Phenotype of Heart Failure with
Preserved Ejection Fraction, Circulation 136 (2017) 6-19, https://doi.org/
10.1161/CIRCULATIONAHA.116.026807.

[4] Y.N.V. Reddy, A. Rikhi, M. Obokata, S.J. Shah, G.D. Lewis, O.F. AbouEzzedine,
S. Dunlay, S. McNulty, H. Chakraborty, L.W. Stevenson, M.M. Redfield, B.

A. Borlaug, Quality of life in heart failure with preserved ejection fraction:
importance of obesity, functional capacity, and physical inactivity, Eur. J. Heart
Fail. 22 (6) (2020) 1009-1018.

[5] H. Sorimachi, D. Burkhoff, F.H. Verbrugge, K. Omote, M. Obokata, Y.N.V. Reddy,
N. Takahashi, K. Sunagawa, B.A. Borlaug, Obesity, venous capacitance, and venous
compliance in heart failure with preserved ejection fraction, Eur. J. Heart Fail. 23
(10) (2021) 1648-1658.

[6] K.E. Koepp, M. Obokata, Y.N.V. Reddy, T.P. Olson, B.A. Borlaug, Hemodynamic
and Functional Impact of Epicardial Adipose Tissue in Heart Failure With
Preserved Ejection Fraction, JACC Hear Fail 8 (2020) 657-666, https://doi.org/
10.1016/j.jchf.2020.04.016.

[7] T. Harada, H. Sunaga, H. Sorimachi, K. Yoshida, T. Kato, K. Kurosawa,

T. Nagasaka, N. Koitabashi, T. Iso, M. Kurabayashi, M. Obokata,
Pathophysiological role of fatty acid-binding protein 4 in Asian patients with heart
failure and preserved ejection fraction, ESC Hear Fail 7 (6) (2020) 4256-4266.

[8] Y.N.V. Reddy, M. Obokata, J.M. Testani, G.M. Felker, W.H.W. Tang, O.F. Abou-
Ezzeddine, J.-L. Sun, H. Chakrabothy, S. McNulty, S.J. Shah, G.D. Lewis, L.

W. Stevenson, M.M. Redfield, B.A. Borlaug, Adverse Renal Response to
Decongestion in the Obese Phenotype of Heart Failure With Preserved Ejection
Fraction: Renal response of hospitalized obese HFpEF, J. Card. Fail. 26 (2) (2020)
101-107.


https://doi.org/10.1016/j.ijcha.2022.101162
https://doi.org/10.1016/j.ijcha.2022.101162
https://doi.org/10.1038/s41569-020-0363-2
https://doi.org/10.1038/s41569-020-0363-2
https://doi.org/10.1038/nrcardio.2017.65
https://doi.org/10.1038/nrcardio.2017.65
https://doi.org/10.1161/CIRCULATIONAHA.116.026807
https://doi.org/10.1161/CIRCULATIONAHA.116.026807
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0020
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0020
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0020
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0020
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0020
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0025
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0025
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0025
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0025
https://doi.org/10.1016/j.jchf.2020.04.016
https://doi.org/10.1016/j.jchf.2020.04.016
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0035
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0035
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0035
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0035
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0040
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0040
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0040
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0040
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0040
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0040

Y. Seki et al.

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

M. Packer, D.W. Kitzman, Obesity-Related Heart Failure With a Preserved Ejection
Fraction, JACC Hear Fail 6 (2018) 633-639, https://doi.org/10.1016/j.
jchf.2018.01.009.

T. Harada, M. Obokata, Obesity-Related Heart Failure with Preserved Ejection
Fraction, Heart Fail. Clin. 16 (2020) 357-368, https://doi.org/10.1016/j.
hfc.2020.02.004.

M. Obokata, Y.N.V. Reddy, B.A. Borlaug, Diastolic Dysfunction and Heart Failure
With Preserved Ejection Fraction: Understanding Mechanisms by Using
Noninvasive Methods, J. Am. Coll. Cardiol. Img. 13 (2020) 245-257, https://doi.
0rg/10.1016/j.jcmg.2018.12.034.

T. Tsujimoto, H. Kajio, Abdominal Obesity Is Associated With an Increased Risk of
All-Cause Mortality in Patients With HFpEF, J. Am. Coll. Cardiol. 70 (2017)
2739-2749, https://doi.org/10.1016/j.jacc.2017.09.1111.

C. Chandramouli, W. Ting, T. Id, N.S. Bamadhaj, J. Tromp, T.K. Teng, et al.,
Association of obesity with heart failure outcomes in 11 Asian regions: A cohort
study, PLoS Med. 16 (2019) €1002916.

V.N. Rao, M. Fudim, R.J. Mentz, E.D. Michos, G.M. Felker, Regional adiposity and
heart failure with preserved ejection fraction, Eur. J. Heart Fail. 22 (2020)
1540-1550, https://doi.org/10.1002/ejhf.1956.

H. Sorimachi, M. Obokata, N. Takahashi, Y.N.V. Reddy, C.C. Jain, F.H. Verbrugge,
et al., Pathophysiologic importance of visceral adipose tissue in women with heart
failure and preserved ejection fraction, Eur. Heart J. 42 (2021) 1595-1605,
https://doi.org/10.1093/eurheartj/ehaa823.

M.J. Haykowsky, B.J. Nicklas, P.H. Brubaker, W.G. Hundley, T.E. Brinkley,

B. Upadhya, J.T. Becton, M.D. Nelson, H. Chen, D.W. Kitzman, Regional Adipose
Distribution and its Relationship to Exercise Intolerance in Older Obese Patients
Who Have Heart Failure With Preserved Ejection Fraction, JACC Hear Fail 6 (8)
(2018) 640-649.

J. Tromp, T.-H. Teng, W.T. Tay, C.L. Hung, C. Narasimhan, W. Shimizu, S.W. Park,
H.B. Liew, T. Ngarmukos, E.B. Reyes, B.B. Siswanto, C.-M. Yu, S. Zhang, J. Yap,
M. MacDonald, L.H. Ling, K. Leineweber, A.M. Richards, M.R. Zile, I.S. Anand, C.S.
P. Lam, Heart failure with preserved ejection fraction in Asia, Eur. J. Heart Fail. 21
(1) (2019) 23-36.

Y. Seko, T. Kato, T. Morimoto, H. Yaku, Y. Inuzuka, Y. Tamaki, N. Ozasa, M. Shiba,
E. Yamamoto, Y. Yoshikawa, Y. Yamashita, T. Kitai, R. Taniguchi, M. Iguchi,

K. Nagao, T. Kawai, A. Komasa, R. Nishikawa, Y. Kawase, T. Morinaga,

M. Toyofuku, Y. Furukawa, K. Ando, K. Kadota, Y. Sato, K. Kuwahara, T. Kimura,
Starting Neurohormonal Antagonists in Patients With Acute Heart Failure With
Mid-Range and Preserved Ejection Fraction, Circ J 86 (10) (2022) 1547-1558.

T. Harada, M. Obokata, K. Omote, H. Iwano, T. Ikoma, K. Okada, K. Yoshida,

T. Kato, K. Kurosawa, T. Nagai, K. Negishi, T. Anzai, M. Kurabayashi, Independent
and incremental prognostic value of semiquantitative measures of tricuspid
regurgitation severity in heart failure with preserved ejection fraction, Eur Hear J -
Cardiovasc Imaging (2020), https://doi.org/10.1093/ehjci/jeaa264.

T. Ikoma, M. Obokata, K. Okada, T. Harada, H. Sorimachi, K. Yoshida, T. Kato,
K. Kurosawa, M. Kurabayashi, M. Murakami, Impact of Right Atrial Remodeling in
Heart Failure With Preserved Ejection Fraction, J. Card. Fail. 27 (5) (2021)
577-584.

K. Kagami, H. Sunaga, H. Sorimachi, T. Harada, K. Yoshida, T. Kato, K. Kurosawa,
R. Kawakami, N. Koitabashi, T. Iso, T. Adachi, M. Kurabayashi, M. Obokata,
Prognostic impact of elevated fatty acid-binding protein 1 in patients with heart
failure, ESC Hear Fail 8 (2) (2021) 1494-1501.

T. Harada, M. Obokata, K. Omote, H. Iwano, T. Ikoma, K. Okada, K. Yoshida,

T. Kato, K. Kurosawa, T. Nagai, T. Anzai, B.A. Borlaug, M. Kurabayashi, Functional
Tricuspid Regurgitation and Right Atrial Remodeling in Heart Failure With
Preserved Ejection Fraction, Am. J. Cardiol. 162 (2022) 129-135.

M. Murayama, H. Iwano, M. Obokata, T. Harada, K. Omote, K. Kagami, et al.,
Visual echocardiographic scoring system of the left ventricular filling pressure and
outcomes of heart failure with preserved ejection fraction, Eur. Hear J. Cardiovasc.
Imaging 23 (2022) 616-626, https://doi.org/10.1093/ehjci/jeab208.

Y.N.V. Reddy, G.D. Lewis, S.J. Shah, M. LeWinter, M. Semigran, V.G. Davila-
Roman, K. Anstrom, A. Hernandez, E. Braunwald, M.M. Redfield, B.A. Borlaug,
INDIE-HFpEF (Inorganic Nitrite Delivery to Improve Exercise Capacity in Heart
Failure with Preserved Ejection Fraction): Rationale and Design, Circ Hear Fail 10
(5) (2017), https://doi.org/10.1161/CIRCHEARTFAILURE.117.003862.

C.W. Yancy, M. Jessup, B. Bozkurt, J. Butler, D.E. Casey, M.H. Drazner, et al., 2013
ACCF/AHA guideline for the management of heart failure: A report of the
American college of cardiology foundation/american heart association task force
on practice guidelines, J. Am. Coll. Cardiol. 62 (2013) e147-e239, https://doi.org/
10.1016/j.jacc.2013.05.019.

E.A. Takahashi, N. Takahashi, C.J. Reisenauer, M.R. Moynagh, S. Misra, Body
composition changes after left gastric artery embolization in overweight and obese
individuals, Abdom Radiol 44 (2019) 2627-2631, https://doi.org/10.1007/
500261-019-02002-6.

M. Minamisawa, S.B. Seidelmann, B. Claggett, S.M. Hegde, A.M. Shah, A.S. Desai,
et al., Impact of Malnutrition Using Geriatric Nutritional Risk Index in Heart

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

1JC Heart & Vasculature 44 (2023) 101162

Failure With Preserved Ejection Fraction, JACC Heart Fail 7 (2019) 664-675,
https://doi.org/10.1016/j.jchf.2019.04.020.

M. Miyake, Y. Morizawa, S. Hori, N. Marugami, K. Shimada, D. Gotoh, Y. Tatsumi,
Y. Nakai, T. Inoue, S. Anai, K. Torimoto, K. Aoki, N. Tanaka, K. Fujimoto, Clinical
impact of postoperative loss in psoas major muscle and nutrition index after radical
cystectomy for patients with urothelial carcinoma of the bladder, BMC Cancer 17
(1) (2017), https://doi.org/10.1186/s12885-017-3231-7.

M. Miura, N. Shiba, K. Nochioka, T. Takada, J. Takahashi, H. Kohno,

H. Shimokawa, Urinary albumin excretion in heart failure with preserved ejection
fraction: an interim analysis of the CHART 2 study, Eur. J. Heart Fail. 14 (4) (2012)
367-376.

J.J. Park, H.-M. Choi, I.-C. Hwang, J.-B. Park, J.-H. Park, G.-Y. Cho, Myocardial
Strain for Identification of B-Blocker Responders in Heart Failure with Preserved
Ejection Fraction, J. Am. Soc. Echocardiogr. 32 (2019) 1462-1469.e8, https://doi.
org/10.1016/j.ech0.2019.06.017.

M. Haass, D.W. Kitzman, I.S. Anand, A. Miller, M.R. Zile, B.M. Massie, P.E. Carson,
Body mass index and adverse cardiovascular outcomes in heart failure patients
with preserved ejection fraction results from the irbesartan in heart failure with
preserved ejection fraction (I-PRESERVE) trial, Circ Hear Fail 4 (3) (2011)
324-331.

N. Ouchi, J.L. Parker, J.J. Lugus, K. Walsh, Adipokines in inflammation and
metabolic disease, Nat. Rev. Immunol. 11 (2011) 85-97, https://doi.org/10.1038/
nri2921.

Y.N.V. Reddy, G.D. Lewis, S.J. Shah, M. Obokata, O.F. Abou-Ezzedine, M. Fudim,
J.-L. Sun, H. Chakraborty, S. McNulty, M.M. LeWinter, D.L. Mann, L.W. Stevenson,
M.M. Redfield, B.A. Borlaug, Characterization of the Obese Phenotype of Heart
Failure With Preserved Ejection Fraction: A RELAX Trial Ancillary Study, Mayo
Clin. Proc. 94 (7) (2019) 1199-1209.

K.W. Streng, A.A. Voors, H.L. Hillege, S.D. Anker, J.G. Cleland, K. Dickstein,

G. Filippatos, M. Metra, L.L. Ng, P. Ponikowski, N.J. Samani, D.J. van Veldhuisen,
A.H. Zwinderman, F. Zannad, K. Damman, P. van der Meer, C.C. Lang, Waist-to-hip
ratio and mortality in heart failure, Eur. J. Heart Fail. 20 (9) (2018) 1269-1277.
K. Kamisaka, K. Kamiya, K. Iwatsu, N. Iritani, S. Imoto, T. Adachi, Y. lida,

S. Yamada, Impact of weight loss in patients with heart failure with preserved
ejection fraction: results from the FLAGSHIP study, ESC Hear Fail 8 (6) (2021)
5293-5303.

L. Nishi, Y. Seo, Y. Hamada-Harimura, M. Yamamoto, T. Ishizu, A. Sugano, K. Sato,
S. Sai, K. Obara, S. Suzuki, A. Koike, K. Aonuma, M. Ieda, Geriatric nutritional risk
index predicts all-cause deaths in heart failure with preserved ejection fraction,
ESC Hear Fail 6 (2) (2019) 396-405.

K. Yamamoto, M. Tsuchihashi-Makaya, Y. Kinugasa, Y. Iida, K. Kamiya, Y. Kihara,
Y. Kono, Y. Sato, N. Suzuki, H. Takeuchi, T. Higo, Y. Miyazawa, I. Miyajima,

A. Yamashina, K. Yoshita, K. Washida, M. Kuzuya, T. Takahashi, Y. Nakaya,

N. Hasebe, H. Tsutsui, Japanese Heart Failure Society 2018 Scientific Statement on
Nutritional Assessment and Management in Heart Failure Patients, Circ J 84 (8)
(2020) 1408-1444.

H. Sorimachi, K. Omote, B.A. Borlaug, Clinical Phenogroups in Heart Failure with
Preserved Ejection Fraction, Heart Fail. Clin. 17 (2021) 483-498, https://doi.org/
10.1016/j.hfc.2021.02.009.

D.W. Kitzman, P. Brubaker, T. Morgan, M. Haykowsky, G. Hundley, W.E. Kraus,
J. Eggebeen, B.J. Nicklas, Effect of caloric restriction or aerobic exercise training
on peak oxygen consumption and quality of life in obese older patients with heart
failure with preserved ejection fraction: A randomized clinical trial, J. Am. Med.
Assoc. 315 (1) (2016) 36.

T. Komorita, E. Yamamoto, D. Sueta, T. Tokitsu, K. Fujisue, H. Usuku, T. Nishihara,
F. Oike, M. Takae, K. Egashira, S. Takashio, M. Ito, K. Yamanaga, Y. Arima,

K. Sakamoto, S. Suzuki, K. Kaikita, K. Tsujita, The controlling nutritional status
score predicts outcomes of cardiovascular events in patients with heart failure with
preserved ejection fraction, Int J Cardiol Hear Vasc 29 (2020), https://doi.org/
10.1016/j.ijcha.2020.100563.

S.D. Anker, J. Butler, G. Filippatos, J.P. Ferreira, E. Bocchi, M. Bohm, H.-

P. Brunner-La Rocca, D.-J. Choi, V. Chopra, E. Chuquiure-Valenzuela, N. Giannetti,
J.E. Gomez-Mesa, S. Janssens, J.L. Januzzi, J.R. Gonzalez-Juanatey, B. Merkely, S.
J. Nicholls, S.V. Perrone, LL. Pina, P. Ponikowski, M. Senni, D. Sim, J. Spinar,

L. Squire, S. Taddei, H. Tsutsui, S. Verma, D. Vinereanu, J. Zhang, P. Carson, C.S.
P. Lam, N. Marx, C. Zeller, N. Sattar, W. Jamal, S. Schnaidt, J.M. Schnee,

M. Brueckmann, S.J. Pocock, F. Zannad, M. Packer, Empagliflozin in Heart Failure
with a Preserved Ejection Fraction, N. Engl. J. Med. 385 (16) (2021) 1451-1461.
S. Phrueksotsai, K. Pinyopornpanish, J. Euathrongchit, A. Leerapun,

A. Phrommintikul, S. Buranapin, N. Chattipakorn, S. Thongsawat, The effects of
dapagliflozin on hepatic and visceral fat in type 2 diabetes patients with non-
alcoholic fatty liver disease, J. Gastroenterol. Hepatol. 36 (10) (2021) 2952-2959.
K. Kaku, K. Yamamoto, Y. Fukushima, H. Lliev, A. Yasui, Safety and effectiveness of
empagliflozin in Japanese patients with type 2 diabetes: final results of a 3-year
post-marketing surveillance study, Expert Opin. Drug Saf. 21 (10) (2022)
1315-1328.


https://doi.org/10.1016/j.jchf.2018.01.009
https://doi.org/10.1016/j.jchf.2018.01.009
https://doi.org/10.1016/j.hfc.2020.02.004
https://doi.org/10.1016/j.hfc.2020.02.004
https://doi.org/10.1016/j.jcmg.2018.12.034
https://doi.org/10.1016/j.jcmg.2018.12.034
https://doi.org/10.1016/j.jacc.2017.09.1111
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0065
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0065
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0065
https://doi.org/10.1002/ejhf.1956
https://doi.org/10.1093/eurheartj/ehaa823
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0080
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0080
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0080
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0080
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0080
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0085
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0085
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0085
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0085
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0085
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0090
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0090
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0090
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0090
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0090
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0090
https://doi.org/10.1093/ehjci/jeaa264
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0100
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0100
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0100
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0100
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0105
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0105
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0105
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0105
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0110
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0110
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0110
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0110
https://doi.org/10.1093/ehjci/jeab208
https://doi.org/10.1161/CIRCHEARTFAILURE.117.003862
https://doi.org/10.1016/j.jacc.2013.05.019
https://doi.org/10.1016/j.jacc.2013.05.019
https://doi.org/10.1007/s00261-019-02002-6
https://doi.org/10.1007/s00261-019-02002-6
https://doi.org/10.1016/j.jchf.2019.04.020
https://doi.org/10.1186/s12885-017-3231-7
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0145
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0145
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0145
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0145
https://doi.org/10.1016/j.echo.2019.06.017
https://doi.org/10.1016/j.echo.2019.06.017
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0155
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0155
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0155
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0155
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0155
https://doi.org/10.1038/nri2921
https://doi.org/10.1038/nri2921
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0165
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0165
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0165
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0165
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0165
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0170
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0170
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0170
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0170
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0175
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0175
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0175
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0175
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0180
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0180
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0180
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0180
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0185
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0185
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0185
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0185
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0185
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0185
https://doi.org/10.1016/j.hfc.2021.02.009
https://doi.org/10.1016/j.hfc.2021.02.009
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0195
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0195
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0195
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0195
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0195
https://doi.org/10.1016/j.ijcha.2020.100563
https://doi.org/10.1016/j.ijcha.2020.100563
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0205
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0205
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0205
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0205
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0205
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0205
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0205
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0205
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0210
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0210
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0210
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0210
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0215
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0215
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0215
http://refhub.elsevier.com/S2352-9067(22)00211-1/h0215

	Adiposity and clinical outcomes in East Asian patients with heart failure and preserved ejection fraction
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Assessment of anthropometrics, nutritional status, and visceral and subcutaneous fat amount
	2.3 Outcome assessment
	2.4 Statistical analysis

	3 Results
	3.1 Clinical characteristics
	3.2 Associations between CT-derived adiposity and nutritional status
	3.3 Outcome analysis

	4 Discussion
	4.1 Potential mechanisms of the associations between lower visceral fat and worse clinical outcomes
	4.2 Clinical implications
	4.3 Limitations

	5 Conclusions
	Declaration of Competing Interest
	Acknowledgments
	Sources of funding
	Disclosure
	Appendix A Supplementary data
	References


