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Abdominal obesity, and not general obesity, is associated
with a lower 123I MIBG heart-to-mediastinum ratio in heart failure
patients with preserved ejection fraction

Akihiro Sunaga1 & Shungo Hikoso1
& Takahisa Yamada2 & Yoshio Yasumura3 & Masaaki Uematsu4

& Haruhiko Abe4
&

Yusuke Nakagawa5 & Yoshiharu Higuchi6 & Hisakazu Fuji7 & Toshiaki Mano8
& Hiroyuki Kurakami9 & Tomomi Yamada9 &

Tetsuhisa Kitamura10 & Taiki Sato1
& Bolrathanak Oeun1

& Hirota Kida1 & Takayuki Kojima1 & Yohei Sotomi1 &

Tomoharu Dohi1 & Katsuki Okada1 & Shinichiro Suna1 & Hiroya Mizuno1
& Daisaku Nakatani1 & Yasushi Sakata1 & on

behalf of the OCVC-Heart Failure Investigators

Received: 17 December 2020 /Accepted: 23 February 2021
# The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Background The relationship between general obesity or abdominal obesity (abdominal circumference of ≥85 cm in men and ≥
90 cm in women) and the heart-to-mediastinum ratio (HMR), a measure of cardiac sympathetic innervation, on cardiac iodine-
123-metaiodobenzylguanidine scintigraphy (MIBG) in patients with heart failure with preserved ejection fraction (HFpEF) has
not been clarified.
Methods A total of 239 HFpEF patients with both MIBG and abdominal circumference data were examined. We divided these
patients into those with abdominal obesity and those without it. In the cardiac MIBG study, early phase image was acquired 15–
20 min after injection, and late phase image was acquired 3 h after the early phase. A HMR obtained from a low-energy type
collimator was converted to that obtained by a medium-energy type collimator.
Results Early and late HMRs were significantly lower in those with abdominal obesity, although washout rates were not
significantly different. The incidence of patients with early and late HMRs <2.2 was significantly higher in those with abdominal
obesity. Multivariate linear regression analysis revealed that abdominal obesity was independently associated with early HMR
(standardized β = −0.253, P = 0.003) and late HMR (standardized β = −0.222, P = 0.010). Multivariate logistic regression anal-
ysis revealed that abdominal obesity was independently associated with early (odds ratio [OR] [95% confidence interval {CI}] =
4.25 [2.13, 8.47], P < 0.001) and late HMR < 2.2 (OR [95% CI] = 2.06 [1.11, 3.83], P = 0.022). Elevated BMI was not signif-
icantly associated with low early and late HMR. The presence of abdominal obesity was significantly associated with low early
and late HMR even in patients without elevated BMI values.
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Conclusion Abdominal obesity, but not general obesity, in HFpEF patients was independently associated with low HMR,
suggesting that visceral fat may contribute to decreased cardiac sympathetic activity in patients with HFpEF.
Trial registration UMIN000021831.

Keywords Heart failure . Preserved ejection fraction . Iodine-123-metaiodobenzylguanidine scintigraphy . Heart tomediastinum
ratio . Abdominal obesity . Abdominal circumference

Introduction

Heart failure with preserved ejection fraction (HFpEF)
accounts for about half of all cases of heart failure [1,
2]. Although rates of hospitalization and all-cause mor-
tality in patients with HFpEF are lower than those in
patients with heart failure with reduced ejection fraction
(HFrEF), absolute mortality is still high in patients with
HFpEF [3]. The pathophysiology of HFpEF is not well
understood and there is little evidence of ways to im-
prove the prognosis.

General obesity is one of the common comorbidities
in patients with HFpEF in Western countries [4]. The
prevalence of general obesity is relatively low in Asian
countries, especially in Japan [5, 6]. However, Asian
people reportedly have a significantly greater amount
of abdominal visceral fat relative to Caucasian popula-
tions [7], and abdominal obesity, defined with abdomi-
nal circumference is more prevalent than general obesity
defined as high body mass index (BMI) [8] in Asian
populations. Abdominal obesity, and not general obesi-
ty, is associated with a worse prognosis in patients with
HFpEF [9].

Sympathetic nerve abnormality is an important patho-
physiology associated with poor prognosis in patients with
HFrEF [10, 11], whereas the significance in HFpEF re-
mains unclear. Visceral fat reportedly affects muscle sym-
pathetic nerve activity in healthy subjects [12]. Cardiac
imaging with iodine-123-metaiodobenzylguanidine
(MIBG), an analogue of norepinephrine, is a useful method
to investigate cardiac sympathetic nerve activity in heart
failure patients. Early and late heart to mediastinum ratio
(HMR) and washout rate (WR) are generally acquired. A
low late HMR is reportedly associated with poor prognosis
in patients with HFrEF [13–15] and HFpEF [16]. Recently,
it has been reported that HFrEF patients with BMI > 30
showed significantly lower early and late HMR, suggest-
ing a causative link between high BMI and reduced cardiac
sympathetic innervation [17]. However, there are no data
regarding MIBG imaging in HFpEF patients with abdom-
inal or general obesity. In this study, we examined the
association between abdominal obesity vs. general obesity
and cardiac sympathetic abnormalities in patients with
HFpEF using cardiac MIBG scintigraphy.

Materials and methods

Study population

The PURSUIT-HFpEF registry is a prospective multicenter
observational study which enrolled HFpEF patients admitted
to participating hospitals in the Osaka region of Japan under
the diagnosis of decompensated heart failure based on
Framingham criteria (UMIN-CTR ID: UMIN000021831)
[18]. The HFpEF was defined as left ventricular ejection frac-
tion (LVEF) ≥ 50% and serumN-terminal pro brain natriuretic
peptide (NT-proBNP) ≥ 400 pg/mL. Patients were registered
when they were admitted in the hospital. The objectives of this
registry are to collect uniform prospective data of patients with
congestive heart failure that can be used to assess clinical
variables, therapeutic procedures, and clinical events.
Cardiac MIBG scintigraphy was performed in patients who
were admitted to hospitals equipped to perform cardiac MIBG
scintigraphy.

In this analysis, we examined 300 HFpEF patients that
were enrolled in the PURSUIT-HFpEF registry between
June 2016 and March 2020 and had cardiac MIBG scintigra-
phy data. We excluded patients without abdominal circumfer-
ence data (n = 56), and those with amyloidosis (n = 4) and
pulmonary arterial hypertension (n = 1). No patient met the
exclusion criteria of treatment with serotonin-noradrenaline
reuptake inhibitors or Parkinson disease. The resulting 239
patients were divided into those with and without abdominal
obesity (abdominal circumference ≥ 85 cm in men and ≥
90 cm in women) [19] (Fig. 1). General obesity was defined
as BMI ≥ 25.

Data collection

Research cardiologists and specialized research nurses re-
corded the patients’ data during their hospital stays. In-
hospital data were transmitted to the data collection center
for processing and analysis. Collaborating hospitals were
encouraged to enroll consecutive patients with HFpEF
irrespective of their treatment. Blood samples and oral
medications were obtained at admission and before dis-
charge. We used these data on discharge as patient base-
line characteristics.
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In echocardiography, inferior vena cava diameter was mea-
sured using the standard method at expiration period. LVEF
was measured using the Teichholz method. E/e’was the mean
of septal E/e’ and lateral E/e’. Tricuspid pressure gradient was
measured using the simplified Bernoulli equation.

Cardiac MIBG scintigraphy

Sympathetic nerve activity was assessed by cardiac MIBG
scintigraphy at the convalescent stage of decompensated heart
failure during hospitalization. All patients received 111 MBq
(3 mCi) of iodine-123-MIBG and underwent planar imaging
of the anterior thorax on a nuclear camera equipped with low-
energy, general-purpose collimators [20, 21]. Early phase im-
age data were acquired 15–20 min after injection, and late
phase data were acquired 3 h after the early phase. The
HMR and washout rate were assessed by a standardized meth-
od for an automatic region of interest setting in the MIBG
study [22]. The software of the automatic region of interest
setting includes cross-calibration of HMR among hospitals
that is caused by the differences in collimator types. The al-
gorithm was based on the phantom studies in all participated
hospitals, and a HMR obtained from a low-energy type colli-
mator was converted to a value comparable to a medium-
energy type collimator [23].Washout rate was calculated from
the initial and delayed images with background and decay
correction. Readers blinded to clinical data in each participat-
ing hospital analyzed the images.

Statistical analysis

Continuous variables are expressed as median [interquartile
range]. Categorical variables are presented as absolute values
and percentages. Tests for significance were conducted using
the unpaired t-test or nonparametric test for continuous vari-
ables, and the chi-squared test or Fisher’s exact test for categor-
ical variables. Univariate and multivariate linear regression and
logistic regression were performed to investigate the association

between abdominal obesity and HMR. The multivariate model
included presence or absence of abdominal obesity, age, sex,
BMI ≥ 25, diabetes mellitus, estimated glomerular filtration rate
< 60 mL/min/1.73m2, use of β-blockers, α-blockers, diuretics,
and/or calcium channel-blockers, E/e’ and smoking status.
These covariates were well-established confounding factors for
abdominal obesity and sympathetic nerve activity reported in a
previous study [24]. Statistical significance was defined as a p
value <0.05. All analyses were performed using SPSS version
26 (IBM Corp., Armonk, NY, USA).

Results

Baseline characteristics

Of the 239 patients, 89 patients (37%) had abdominal obesity
and 150 (63%) patients were without (Fig. 1). Baseline char-
acteristics are shown in Table 1. There was no significant
difference in age between patients with and without abdomi-
nal obesity. Patients with abdominal obesity were more likely
to be male, have a history of diabetes mellitus, and treatment
with angiotensin II receptor-blockers or calcium channel an-
tagonists compared with those without abdominal obesity.
Patients with abdominal obesity had a higher BMI than those
without. Notably, patients with abdominal obesity were more
common than those with high BMI (> 25) in this study cohort
(89 patients vs. 38 patients, respectively). Almost all patients
with high BMI had abdominal obesity (36 of 38 patients),
while the prevalence of high BMI was only 40% in patients
with abdominal obesity (Table 1).

The association between abdominal obesity, general
obesity, and cardiac MIBG scintigraphy data

Patients with abdominal obesity had lower early (2.3 [1.9, 2.6]
vs. 2.6 [2.2, 2.8], P < 0.001) and late HMRs (2.0 [1.6, 2.3] vs.
2.2 [1.9, 2.6], P = 0.001) than those without abdominal

Fig. 1 Patient selection. MIBG:
iodine-123-
metaiodobenzylguanidine
scintigraphy
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obesity (Fig. 2). There was no significant difference in wash-
out rate (35 [26, 44]% vs. 36 [24, 46]%, P = 0.688) between 2
groups (Fig. 2).We examinedwhether the presence of abdom-
inal obesity was independently associated with low HMR
values by linear regression. In this analysis, HMR was used
as a continuous variable. Univariate and multivariate linear
regression analysis adjusted for covariates revealed that the
presence of abdominal obesity was independently associated
with decrease in both early and late HMR (Table 2).

We examined the association between abdominal obe-
sity and HMR < 2.2, since a previous report identified
HMR = 2.2 as lower limit of normal range of HMR [22,

25]. The percentage of patients with early (45% vs. 24%,
P = 0.001) and late HMR < 2.2 (64% vs. 46%, P = 0.007)
was significantly higher in patients with abdominal obe-
sity than those without abdominal obesity (Fig. 3). We
examined whether abdominal obesity was associated with
occurrence of early and late HMR < 2.2. Univariate and
multivariate logistic regression analysis adjusted with co-
variates revealed that presence of abdominal obesity was
independently associated with early and late HMR < 2.2.
There were no significant associations between age, sex,
presence of diabetes, estimated glomerular filtration rate,
and HMR <2.2 (Table 3).

Table 1 Baseline characteristics

Variable All With
abdominal obesity
n=89

Missing Without
abdominal obesity
n=150

Missing P

Age, years 82 [75, 86] 81 [75, 85] 0 82 [76, 86] 0 0.428

Male, n (%) 106 (44) 55 (62) 0 51 (34) 0 < 0.001

Body mass index 21.4 [19.0, 24.1] 24.6 [23.1, 26.6] 0 19.7 [17.8, 21.5] 1 < 0.001

Body mass index ≥25 38 (16) 36 (40) 0 2 (1) 1 < 0.001

Current smoker, n (%) 30 (13) 14 (16) 3 16 (11) 2 0.228

NYHA classification ≥2 172 (72) 65 (73) 0 107 (72) 1 0.839

Systolic blood pressure, mmHg 122 [108, 133] 126 [109, 133] 0 121 [108, 131] 0 0.194

Diastolic blood pressure, mmHg 64 [57, 72] 66 [59, 72] 0 64 [57, 72] 0 0.378

Heart rate, bpm 69 [61, 76] 70 [61, 74] 0 68 [61, 79] 0 0.231

Abdominal circumference, cm 84 [76, 92] 95 [91, 102] 0 78 [72, 83] 0 < 0.001

Prior heart failure admission, n (%) 53 (22) 25 (28) 0 28 (19) 2 0.101

Hypertension, n (%) 211 (88) 83 (93) 0 128 (85) 0 0.066

Diabetes mellitus, n (%) 81 (34) 43 (48) 0 38 (26) 2 < 0.001

Stroke, n (%) 30 (13) 12 (14) 0 18 (12) 0 0.738

Atrial fibrillation, n (%) 96 (40) 39 (44) 0 57 (38) 0 0.375

Prior myocardial infarction, n (%) 20 (9) 6 (7) 1 14 (10) 3 0.472

Chronic kidney disease, n (%) 113 (48) 43 (49) 1 70 (47) 1 0.779

Left ventricular ejection fraction, % 63 [58, 69] 63 [58, 68] 1 64 [58, 70] 2 0.392

E/e’ 12.2 [9.6, 16.8] 12.1 [10.2, 16.9] 7 12.4 [9.4, 16.8] 7 0.758

Inferior vena cava diameter, mm 13 [11, 16] 14 [12, 17] 1 13 [11, 15] 2 0.064

Tricuspid pressure gradient, mmHg 26 [21, 31] 24 [21, 32] 10 26 [21, 31] 5 0.735

Hemoglobin, g/L 116 [98, 130] 117 [99, 136] 0 113 [98, 127] 0 0.124

Creatinine, μmol/L 97.2 [79.6, 132.6] 106.1 [79.6, 168.0] 0 88.4 [70.7, 114.9] 0 0.065

eGFR, ml/min/1.73m2 42 [29, 55] 42 [32, 55] 0 42 [28, 55] 0 0.746

Albumin, g/L 34 [31, 37] 34 [32, 37] 0 34 [31, 37] 0 0.450

NT-pro BNP, pmol/L 148 [59, 323] 140 [69, 305] 3 149 [57, 326] 0 0.825

ACE-I, n (%) 46 (19) 15 (17) 0 31 (21) 0 0.470

ARB, n (%) 77 (32) 38 (43) 0 39 (26) 0 0.008

Calcium channel-blocker, n (%) 134 (56) 58 (65) 0 76 (51) 0 0.029

β-blocker, n (%) 155 (65) 60 (67) 0 95 (63) 0 0.523

α-blocker, n (%) 7 (3) 4 (5) 0 3 (2) 0 0.429

Diuretics, n (%) 201 (84) 77 (87) 0 124 (83) 0 0.431

NYHANewYork Heart Association, eGFR estimated glomerular filtration rate,NT-pro BNPN-terminal pro-brain natriuretic peptide, ACE-I angiotensin
II receptor-blocker, ARB angiotensin II receptor-blocker
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Next, we examined the effects of general obesity on cardiac
MIBG scintigraphy. Patients with general obesity (BMI ≥ 25,
n = 38) showed a lower early HMR (2.2 [1.9, 2.5] vs. 2.5 [2.1,
2.8], P = 0.023) than those without general obesity (n = 200).
There was no significant difference in late HMR (2.1 [1.7, 2.3]
vs. 2.2 [1.8, 2.5], P = 0.068) and washout rate (33 [23, 40] vs.
36 [25, 46], P = 0.288) between the two groups (Fig. 4).
General obesity was not significantly associated with early
(standardized β = −0.014,P = 0.865) and late HMR (standard-
ized β = −0.022, P = 0.784) in multivariate linear regression
analysis (Table 4).

Finally, to exclude the effect of general obesity on the
relationship between abdominal obesity and the cardiac sym-
pathetic system, we compared patients with abdominal obesi-
ty but without general obesity and those with neither abdom-
inal obesity nor general obesity. Patients with abdominal

obesity but without general obesity (n = 53) showed signifi-
cantly lower early (2.3 [1.8, 2.6] vs. 2.6 [2.2, 2.8], P = 0.005)
and late HMR (2.0 [1.5, 2.3] vs. 2.3 [1.9, 2.6], P = 0.012) than
those with neither abdominal obesity nor general obesity (n =
147). Washout rate was not significantly different between
these 2 groups (37 [26, 47] vs. 36 [24, 46], P = 0.209)
(Fig. 5). Multivariate linear regression analysis revealed that
abdominal obesity without general obesity was significantly
associated with early and late HMR, but not with washout rate
(Table 5).

Discussion

In this study using cardiac MIBG scintigraphy data from a
multicenter prospective observational study, we have shown
that abdominal obesity diagnosed with clinical criteria for
metabolic syndrome in Japan [19] was significantly associated
with lower both early and late HMR and a higher frequency of
both early and late HMR < 2.2 in patients with HFpEF. In
addition, this association was independent of the presence of
general obesity defined as BMI ≥ 25 as well as other factors
which may affect sympathetic nerve condition, and also inde-
pendent of LV filling pressures. This association was also
observed in patients without high BMI. In contrast, BMI ≥
25 was not associated with either early or late HMR values.
This is the first report that demonstrates the association be-
tween abdominal obesity, but not general obesity, and sympa-
thetic nervous system activity with cardiac MIBG scintigra-
phy in patients with HFpEF.

In this study, both early and late HMR were lower in pa-
tients with abdominal obesity than those without, whereas the
washout rate was not significantly different between the two
groups (Fig. 2). It has been widely accepted that the early

Table 2 Association of abdominal obesity with HMR and washout rate
by linear regression

Variables Unadjusted Adjusted*

Standardized β P Standardized β P

Early HMR

Abdominal obesity −0.245 <0.001 −0.253 0.003

Late HMR

Abdominal obesity −0.210 0.001 −0.222 0.010

Washout rate

Abdominal obesity 0.026 0.688 0.140 0.093

HMR heart to mediastinum ratio

*Adjusted for age, sex, body mass index ≥25, diabetes mellitus, estimated
glomerular filtration rate < 60 ml/min/1.73m2 , β-blocker, α-blocker, di-
uretics, calcium channel-blocker, E/e’, and current smoking status

Fig. 2 Comparison of heart-to-
mediastinum ratio and washout
rate between patients with or
without abdominal obesity. Dark
gray bars indicate early HMR,
late HMR and washout rate in
patients without abdominal obe-
sity. Gray bars indicate early
HMR, late HMR and washout
rate in those with abdominal obe-
sity (abdominal circumference of
≥85 cm in men and ≥ 90 cm in
women). Error bar indicates the
minimum value over the first
quartile −1.5 × interquartile range
and maximum value under the
third quartile +1.5 × inter quartile
range. Dark gray and gray dots
are outliers. HMR: heart to medi-
astinum ratio
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HMR reflects integrity of presynaptic sympathetic nerve and
sympathetic innervation, the late HMR reflects both sympa-
thetic innervation and neuronal function of uptake and release
of noradrenaline at nerve terminals, and washout rate is an
index of the degree of sympathetic drive [26, 27]. Our results
suggest that abdominal obesity is mainly associated with im-
pairment of sympathetic nerve integrity and its innervation
rather than with sympathetic drive.

A previous study of patients with dementia with Lewy body
disease and Alzheimer disease reported that the normal range
of HMR in the UK patients with larger body size was lower

than that of Japanese patients with smaller body size [28], and
two previous studies reported that obese patients had lower
HMRs than non-obese patients [17, 29]. These findings raised
a concern that lower HMR in patients with obesity may be due
to increased attenuation or scatter rather than true differences in
cardiac uptake. Considering that patients with abdominal obe-
sity had higher BMIs than those without in our study (Table 1),
the same concern may be raised. However, we demonstrated
that the HMR was lower in patients with abdominal obesity
than those without, even among patients without obesity (BMI
< 25) (Fig. 4), which suggests that decreased HMR in patients

Table 3 Association of
abdominal obesity with early and
late HMR < 2.2 by logistic
regression

Variables Univariate Multivariate*

Odds ratio [95% CI] P Odds ratio [95% CI] P

Early HMR<2.2

Abdominal obesity 2.59 [1.48–4.53] 0.001 4.25 [2.13–8.47] <0.001

Age 1.01 [0.98–1.04] 0.680 1.01 [0.98–1.05] 0.493

Male 1.02 [0.59–1.77] 0.935 0.62 [0.31–1.22] 0.168

Diabetes mellitus 0.77 [0.43–1.38] 0.383 0.58 [0.29–1.14] 0.113

eGFR <60 ml/min/1.73m2 1.55 [0.72–3.35] 0.266 1.70 [0.71–4.06] 0.234

Late HMR<2.2

Abdominal obesity 2.09 [1.22–3.59] 0.007 2.06 [1.11–3.83] 0.022

Age 1.00 [0.97–1.02] 0.758 1.00 [0.97–1.03] 0.985

Male 1.63 [0.97–2.73] 0.064 1.14 [0.63–2.09] 0.660

Diabetes mellitus 1.02 [0.60–1.75] 0.939 0.80 [0.44–1.46] 0.465

eGFR <60 ml/min/1.73m2 1.36 [0.69–2.67] 0.370 1.73 [0.82–3.67] 0.152

HMR heart to mediastinum ratio, CI confidence interval, eGFR estimated glomerular filtration rate

*Covariates were abdominal obesity, age, sex, diabetes mellitus, estimated glomerular filtration rate < 60 ml/min/
1.73m2 , β-blocker, α-blocker, diuretics, calcium channel-blocker, E/e’, and current smoking status

Fig. 3 Frequency of HMR< 2.2
in patients with or without
abdominal obesity. Dark gray bar
indicates the frequency of HMR
< 2.2 in patients without
abdominal obesity (abdominal
circumference of ≥85 cm in men
and ≥ 90 cm in women). Gray bar
indicates a frequency of HMR<
2.2 in those with abdominal
obesity. HMR: heart to
mediastinum ratio
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with abdominal obesity may not be due to obesity. Komici
et al. also proposed that greater body size or increased adipose
tissue causes evenly-distributed attenuation of both heart and
mediastinum, suggesting that HMR may not be significantly
affected by attenuation [17]. Pellegrino et al. demonstrated that
HMR was not significantly different between standard supine-
position acquisition and prone-position acquisition, which can
avoid the effect of attenuation from the liver or diaphragm [29],
suggesting that the presence of abdominal visceral fat may not
affect HMR. Taken together, the association between abdomi-
nal obesity and lowHMR appears to be the result of differences
in cardiac uptake related to abdominal obesity, and not attrib-
utable to attenuation or scatter mediated through body size or
the presence of abdominal visceral fat.

In HFrEF patients, Komici et al. reported that patients with
BMI > 30 showed lower early and late HMR but similar wash-
out rates, but they did not examine the effect of abdominal
obesity [17]. In our study, patients with high BMI did not show

a significant association with lower HMR (Table 4), suggesting
that the effect of high BMI on sympathetic nerve function may
be different between patients with HFrEF and HFpEF. In con-
trast, the presence of abdominal obesity was significantly asso-
ciated with both early and late HMR in HFpEF patients. Our
cohort had a higher percentage of patients with abdominal obe-
sity than those with BMI > 25 and 40% of patients with ab-
dominal obesity also had a high BMI. Our multivariate linear
regression analysis (Table 2) and the analysis in patients with-
out high BMI (Fig. 4 and Table 4) clearly demonstrated that the
presence of abdominal obesity was associated with low early
and late HMR independent of BMI. Taken together, our data
suggest that the presence of abdominal obesity may be an in-
dependent risk factor for sympathetic nerve abnormalities in
patients with HFpEF. Considering that abdominal obesity is
more common than high BMI in Asian populations [8], this
association may be an important clue for identification of ther-
apeutic targets in patients with HFpEF.

Table 4 Association of general
obesity with HMR and washout
rate by linear regression

Variables Unadjusted Adjusted*

Standardized β P Standardized β P

Early HMR

General obesity (BMI≥25) −0.148 0.023 −0.010 0.901

Late HMR

General obesity −0.118 0.068 −0.022 0.791

Washout rate

General obesity −0.069 0.288 −0.069 0.393

HMR heart to mediastinum ratio, BMI body mass index

*Adjusted with age, sex, abdominal obesity, diabetes mellitus, estimated glomerular filtration rate < 60 ml/min/
1.73m2 , β-blocker, α-blocker, diuretics, calcium channel blocker, E/e’, and current smoker

Fig. 4 Comparison of HMR and
washout rate between patients
with or without abdominal
obesity (abdominal circumference
of ≥85 cm in men and ≥ 90 cm in
women). Dark gray bars indicate
early HMR, late HMR, and
washout rate in patients without
abdominal obesity. Gray bar
indicates early HMR, late HMR
and washout rate in those with
abdominal obesity. Error bar
indicates the minimum value over
the first quartile −1.5 ×
interquartile range and maximum
value under the third quartile
+1.5 × inter quartile range. Dark
gray and gray dots are outliers.
HMR: heart to mediastinum ratio
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Ourmultivariable linear regression analysis demonstrated that
the association between abdominal obesity and lower HMRwas
independent of LV filling pressure, suggesting that the enhance-
ment of sympathetic nerve activity may be caused directly by
abdominal obesity, but not by hemodynamic conditions due to
diastolic dysfunction. This finding also suggests that abdominal
obesity has a pathological role independent of diastolic dysfunc-
tion in HFpEF; therefore, improvement of abdominal obesity
may have an additive therapeutic significance in the improve-
ment of the hemodynamic condition in patients with HFpEF.

Limitation

This study has several limitations. First, although this study
was a multicenter study, cardiac MIBG scintigraphy was per-
formed in only a part of participating institutions that had

nuclear imaging equipment. Therefore, selection bias may
have occurred. Second, cardiacMIBG examinations were per-
formed and analyzed at each institute. Although we set the
identical interval between early and late scan, performed both
background and decay corrections, and used the same soft-
ware of the automatic region of interest setting in all hospitals,
inter-institutional variation of data may not be avoided. Third,
we diagnosed abdominal obesity with abdominal circumfer-
ence not with computed tomography images, although ab-
dominal circumference correlates well with visceral fat [30].
Finally, there is a possibility that unknown confounding fac-
tors may exist. Our data therefore need to be interpreted with
caution, and further studies are required to evaluate our find-
ings in patients with various characteristics.

Conclusion

Abdominal obesity but not general obesity was independently
associated with low early and late HMR, suggesting that ab-
dominal obesity is involved in sympathetic nerve abnormali-
ties in HFpEF patients. Reducing visceral fat may be a possi-
ble treatment for patients with HFpEF.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00259-021-05280-9.
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