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Abstract

Aims The current study aimed to evaluate the associations between general and abdominal obesity with left ventricular (LV)
structure and function and whether these associations differed by sex.
Methods and results This is a community-based cross-sectional study, and 971 hypertensive individuals without overt car-
diovascular disease were included. General obesity was defined as body mass index (BMI) ≥ 28 kg/m2, and abdominal obesity
was defined as waist circumference (WC) ≥ 90 cm for men and ≥85 cm for women. The associations between general and ab-
dominal obesity with LV structure and function were examined using linear regression analysis, and the interaction by sex was
performed. The mean age was 66.5 ± 11.4 years, and women accounted for 62%. General obese individuals (n = 205) were
more likely to have concentric remodelling, LV hypertrophy, and worse diastolic function. Similar differences were observed
in abdominal obese individuals (n = 593). General obesity was associated with LV end-diastolic volume, LV mass, left atrial vol-
ume, and septal E/e’ ratio after adjusting for WC and clinical covariates; and abdominal obesity was associated with septal e’
velocity after adjusting for BMI and clinical covariates. The associations between general obesity with LV structure and func-
tion did not differ by sex, while the magnitudes of the associations between abdominal obesity with LV mass and septal e’
velocity were greater in men.
Conclusions General and abdominal obesity were associated with different patterns of LV structural and functional alter-
ations, stressing the importance of incorporating BMI and WC measurements into assessing obesity-related LV alterations.
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Introduction

Obesity prevalence has grown rapidly in China and
worldwide.1–5 Results from the 2013–2014 National Chronic
Disease and Risk Factor Surveillance have shown that the
prevalence of general obesity, which is defined as body mass
index (BMI) ≥ 28 kg/m2, in Chinese adults was 14.0% and
the prevalence of abdominal obesity, which is defined as waist
circumference (WC) ≥ 90 cm for men and ≥85 cm for women,
was 31.5%.1 Obesity is associated with left ventricular hyper-
trophy (LVH) and diastolic dysfunction,6–11 which predispose
to heart failure with preserved ejection fraction (HFpEF).

Studies have assessed and compared the pattern of left
ventricular (LV) structural and functional alterations in
association with different forms of adipose tissue distribution
(e.g. general vs. abdominal), and the results are mixed.6,7,10–13

Further investigation is needed as better understanding the
obesity-related LV alterations would help guide management
in the future.

Although studies of western populations have demon-
strated the association between obesity and LV structural
and functional alterations,6–11 the evidence is notably lacking
in the Chinese community populations. In addition, prior
studies demonstrate that there are differences in body
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composition across ethnic groups,14–20 as its impacts on car-
diac remodelling. For example, the US cohort study suggests
that the increase in the mean LV mass (LVM) with per 10 kg
increase in fat mass was higher in American Chinese men
than Caucasian men,7 and the cut-off value of LVM index to
predict cardiovascular events was lower in Chinese than that
in Caucasians.21 Ethnic-specific normative references for indi-
ces of LV structure and function have also been proposed.22

These findings together demonstrate the need and impor-
tance to assess the relationship between obesity and LV
structural and functional alterations in the Chinese commu-
nity populations.

Accordingly, leveraging data from the community hyper-
tensive individuals without overt cardiovascular disease, the
aims of the current study were to cross-sectionally assess
the associations between general and abdominal obesity
with LV structural and functional alterations, respectively.
Considering the higher prevalence of HFpEF among women
than men,23–25 we further evaluated whether obesity ren-
dered greater influences on LV structure and function among
women.

Methods

Study participants

This is a community-based cross-sectional study. Participants
were enrolled from the Liaobu County, Dongguan, Guang-
dong Province, during the government-sponsored annual

health examination. The current study was approved by the
Clinical Research Ethics Committee of Guangdong Provincial
People’s Hospital and the Liaobu County Health Department.
Written informed consent was obtained before enrolment.
The definition of hypertension was based on prior physician’s
diagnosis and/or use of antihypertensive drug. A total of
1474 hypertensive individuals underwent echocardiographic
examination during annual health examination in 2016, and
individuals who did not have tissue Doppler imaging data
(n = 464) and who had prior ischaemic stroke (n = 23) or cor-
onary heart disease (n = 24) were excluded, and 971 hyper-
tensive individuals without overt cardiovascular disease
were included in the current analyses (Figure 1).

Clinical characteristics and laboratory analyses

Participants underwent baseline evaluation by trained
healthcare staffs during the annual health examination. Stan-
dardized questionnaire forms were used to collect informa-
tion about age, sex, smoking status, physical activity, prior
medical history, and current medication use. Fasting venous
blood was used for the evaluation of fasting plasma glucose,
lipid profiles, and serum levels of uric acid and creatinine,
which was then used to calculate the estimated glomerular
filtration rate (eGFR) using the Modification of Diet in Renal
Disease formula,26 and an eGFR < 60 mL/min/1.73 m2 was
defined as chronic kidney disease. Hyperuricaemia was de-
fined as serum uric acid ≥ 420 μmol/L for men and
≥360 μmol/L for women, respectively.27

Figure 1 Study flow chart.

3094 A. Cai et al.

ESC Heart Failure 2021; 8: 3093–3105
DOI: 10.1002/ehf2.13415



Blood pressure and anthropometric
measurements

Prior to blood pressure (BP) measurements, participants
were required to stay at rest in a sitting position for 5 min.
According to the Chinese hypertension guideline,28 two BP
measurements were performed with at least 1 min interval
with upper arm kept at the heart level using the Omron
HEM-7051 device (Omron HealthCare, Kyoto, Japan). The av-
erage value of two BP readings was recorded. If the first two
BP readings differed by >5 mmHg, an additional BP measure-
ment was performed, and the mean value of three readings
was recorded. Pulse pressure was calculated as systolic BP
minus diastolic BP.

Weight and height were measured with participants
standing without wearing heavy clothes or shoes by trained
healthcare staffs. Body weight was determined using an
electronic scale, and height was measured with a
wall-mounted stadiometer. BMI was calculated by weight
in kilograms divided by height in squared metres, with a
value ≥28 kg/m2 was defined as general obesity.29 WC
was measured at the level of the midpoint between the
top of the iliac crest and the lower margin of the
last palpable rib in the midaxillary line, with a value
≥90 cm for men and ≥85 cm for women was defined as
abdominal obesity.1 Body surface area (BSA) was
calculated as follows: BSA (m2) = (Weight [kg]0.425 * Height
[cm]0.725) * 0.007184.

Echocardiographic examination

Transthoracic echocardiography was performed using a
Vivid S6 M4S-RS Probe (GE Ving-Med) interfaced with a
2.5 to 3.5 MHz phased-array probe by a trained cardiologist
(D. Z.). All the examinations were performed according to
the American Society of Echocardiography guideline
recommendation.30 The left atrial (LA) volume was assessed
using the modified biplane Simpson’s rule from the apical
two-chamber and four-chamber views at end systole. LA
volume was indexed to BSA, with a value >34 mL/m2

was considered LA enlargement.31 The LV linear dimensions
were measured from a parasternal long-axis view. Relative
wall thickness was calculated as (septal wall
thickness + LV posterior wall thickness) divided by LV
end-diastolic diameter, and relative wall thickness > 0.42
was considered concentric remodelling. LV end-diastolic di-
ameter, LV posterior wall thickness, and septal wall thick-
ness at diastole were used to calculate LVM. LVM was
indexed to BSA, with a value ≥115 g/m2 for men and
≥95 g/m2 for women was considered LVH. Based on the
presence of concentric remodelling and LVH, LV geometry
was classified into normal, concentric remodelling, and

concentric and eccentric hypertrophy. Stroke volume (SV)
was calculated as LV end-diastolic volume (LVEDV) minus
LV end-systolic volume. The LV ejection fraction (LVEF)
was calculated based on modified biplane Simpson’s rule.
Mitral inflow velocity (peak E-wave and A-wave) was
assessed using pulsed-wave Doppler from the apical four-
chamber view. Peak early systolic tissue velocity (S’) and
peak early diastolic tissue velocity (e’) were measured from
the septal aspect of the mitral annulus. According to the
guideline recommendation,31 septal e’ velocity < 7 cm/s
was considered LV diastolic dysfunction and septal E/e’
ratio > 15 was considered an increased LV filling pressure.

Statistical analysis

Continuous variables were presented as mean ± standard
deviation if normal distribution, otherwise were presented
as median and interquartile range. Categorical variables
were presented as number and proportion. Differences in
clinical characteristics, laboratory measurements, BP value,
and indices of LV structure and function were tested be-
tween (i) general obesity vs. non-general obesity and (ii)
abdominal obesity vs. non-abdominal obesity using Stu-
dent’s t-test or Mann–Whitney U test for continuous vari-
ables and χ2 test or Fisher’s exact test for categorical
variables. To evaluate the trend in LV structural and func-
tional alterations with increasing BMI and WC, participants
were separated into four groups according to the
sex-specific quartiles of BMI and WC, respectively, and a
P-value for trend was reported. The correlation between
BMI and WC with metabolic variables [fasting plasma glu-
cose, triglyceride, and high-density lipoprotein cholesterol
(HDL-C)] and systolic and diastolic BP was determined using
Pearson correlation coefficients. The association between
general and abdominal obesity with indices of LV structure
and function was assessed using linear regression analyses
with adjusting for covariates (age, sex, smoking status,
physical activity, systolic BP, dyslipidaemia, diabetes
mellitus, eGFR, uric acid, antihypertensive drugs, BMI, and
WC). Unstandardized coefficient (β) and associated 95%
confidence interval were reported. As a sensitivity analysis,
general and abdominal obesity were substituted by BMI
and WC, respectively, in the linear regression model, and
results were reported in the Supporting Information, Table
S1. We further examined whether sex modified the rela-
tionship between general and abdominal obesity with indi-
ces of LV structure and function with adjusting for
covariates as described earlier. Unstandardized β (95% con-
fidence interval) and a P-value for interaction were re-
ported. All the analyses were performed using the R
package (Version 3.6, Vienna), and a P-value < 0.05 was
considered as statistical significance.
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Results

Among the 971 community hypertensive individuals, 205
were general obesity (21.1%) and 593 were abdominal obe-
sity (61.1%). The mean BMI and WC were 25.3 ± 3.8 kg/m2

and 90.0 ± 9.4 cm, respectively. The mean age was
66.5 ± 11.4 years, and women accounted for 62%
(n = 602) of the current study. The mean systolic BP and
diastolic BP were 137.0 ± 16.7 mmHg and 81.9 ± 10.5 mmHg,
respectively.

Baseline characteristic comparisons according to
general and abdominal obesity

As shown in Table 1, individuals with general obesity were
younger; were more likely to be women; were less likely to
smoke; had a higher WC, fasting plasma glucose, triglyceride,
and HDL-C; were more likely to have dyslipidaemia, diabetes
mellitus, and hyperuricaemia; and had a higher proportion on
statins and antidiabetics.

Individuals with abdominal obesity were more likely to
be women; were less likely to smoke; had a higher BMI,
fasting plasma glucose, triglyceride, and HDL-C; were more
likely to have dyslipidaemia, diabetes mellitus, and
hyperuricaemia; and had a higher proportion on antidia-
betics, angiotensin receptor blocker, and calcium channel
blocker.

Left ventricular structure and function
comparisons according to general and abdominal
obesity

Individuals with general obesity had a larger LVEDV and SV,
a higher LVM and LV mass-to-volume (LVMV) ratio, and a
higher prevalence of LVH (Table 2). There was no differ-
ence in LVEF and septal S’ velocity. Individuals with general
obesity had a larger LA volume and a higher septal E/e’ ra-
tio. These differences were also observed between individ-
uals with and without abdominal obesity. In addition,
individuals with abdominal obesity had a lower septal e’
velocity.

Trend in left ventricular structural and functional
alterations with increasing body mass index and
waist circumference

There was a trend in increasing LVEDV, SV, LVM, LVMV ra-
tio, LA volume, and septal E/e’ ratio with increasing BMI
and WC, respectively (Figure 2). In addition, there was a
trend in decreasing septal e’ velocity with increasing WC.

Correlation between body mass index and waist
circumference with metabolic factors and blood
pressure

Both BMI and WC were positively correlated to serum levels
of fasting plasma glucose, triglyceride, and diastolic BP, while
negatively correlated to HDL-C (Figure 3).

Association of general and abdominal obesity
with indices of left ventricular structure and
function

Both general and abdominal obesity were associated with
LVEDV, SV, LVM, LVMV ratio, LA volume, septal E/e’ ratio,
and septal e’ velocity after adjusting for clinical covariates
(Table 3). General obesity remained associated with LVEDV,
LVM, LA volume, and septal E/e’ ratio after further adjusting
for WC, and abdominal obesity remained associated with
septal e’ velocity after further adjusting for BMI. In the sensi-
tivity analysis (Supporting Information, Table S1), after
adjusting for clinical covariates and WC, BMI remained asso-
ciated with LVEDV, SV, LVM, LVMV ratio, LA volume, and sep-
tal E/e’ ratio, while after adjusting for clinical covariates and
BMI, WC remained associated with LVEDV and septal e’
velocity.

In the interaction analysis, after adjusting for covariates,
the associations between general obesity with indices of LV
structure and function were not modified by sex (Table 4),
while the magnitudes of the associations between abdominal
obesity with LVM and septal e’ velocity were greater in men
and in women.

Discussion

There are some important findings of the current study.
Among community hypertensive individuals without overt
cardiovascular disease, compared with non-obese individuals,
those with obese, both general and abdominal, had worse al-
terations of LV structure and function. There were some dif-
ferences in the pattern of general and abdominal
obesity-related LV alterations. Specifically, general obesity
was associated with increased LVEDV, LVM, and LV filling
pressure (indexed by LA volume and septal E/e’ ratio), while
abdominal obesity was only associated with impaired LV re-
laxation (indexed by septal e’ velocity). The influences of gen-
eral obesity on LV structural and functional alterations were
consistent in men and women, while abdominal obesity ap-
peared to have greater influences on LVM and septal e’ veloc-
ity in men than in women. These findings together suggest
that general and abdominal obesity might play somewhat dif-
ferential roles in LV structural and functional alterations,
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Figure 2 Trends in left ventricular structure and function according to the quartiles of BMI and WC. There was a trend in increasing LVEDV, SV, LVM,
LVMV ratio, left atrial volume, and septal E/e’ ratio with increasing BMI and WC; and there was a trend in decreasing septal e’ velocity with increasing
WC. No significant trend in LVEF and septal S’ velocity with increasing BMI and WC. BMI: the first quartile (20.8 ± 1.6 kg/m2, n = 243), the second
quartile (23.9 ± 0.6 kg/m

2
, n = 242), the third quartile (26.2 ± 0.80 kg/m

2
, n = 242), and the fourth quartile (30.1 ± 2.7 kg/m

2
, n = 244). WC: the first

quartile (78.1 ± 4.7 cm, n = 237), the second quartile (86.8 ± 1.7 cm, n = 238), the third quartile (92.3 ± 1.9 cm, n = 244), and the fourth quartile
(102 ± 5.4 cm, n = 252). BMI, body mass index; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVM, left ventric-
ular mass; LVMV, left ventricular mass-to-volume; SV, stroke volume; WC, waist circumference.
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Figure 3 Correlation between body mass index and waist circumference with metabolic factors and blood pressure. (A) Body mass index was posi-
tively correlated with fasting plasma glucose, triglyceride, and diastolic blood pressure, while negatively correlated with high-density lipoprotein cho-
lesterol. (B) Waist circumference was positively correlated with fasting plasma glucose, triglyceride, and diastolic blood pressure, while negatively
correlated with high-density lipoprotein cholesterol.
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Table 3 Association between general and abdominal obesity with selected indices of left ventricular structure and function

General obesity
(yes vs. no)

Unadjusted β
(95% CI) P-value

Model 1

P-value

Model 2

P-valueβ (95% CI) β (95% CI)

LVEDV (mL) 10.96 (7.63, 14.28) <0.001 10.85 (7.16, 14.54) <0.001 4.65 (0.37, 8.93) 0.03
SV (mL) 8.21 (5.03, 11.40) <0.001 7.44 (3.70, 11.18) <0.001 3.61 (�0.80, 8.02) 0.11
LVM (g) 22.93 (16.59, 29.27) <0.001 23.71 (16.64, 30.78) <0.001 10.04 (1.89, 18.18) 0.02
LVMV ratio (g/mL) 0.06 (0.01, 0.11) 0.02 0.07 (0.01, 0.12) 0.03 0.02 (�0.05, 0.09) 0.52
LVEF (%) �0.32 (�1.41, 0.77) 0.56 �0.51 (�1.79, 0.77) 0.43 �0.35 (�1.86, 1.17) 0.65
Septal S’ (m/s) �0.05 (�0.29, 0.19) 0.66 �0.19 (�0.45, 0.06) 0.14 �0.25 (�0.55, 0.06) 0.11
LA volume (mL) 10.07 (6.87, 13.27) <0.001 9.75 (6.45, 13.04) <0.001 5.90 (2.01, 9.79) <0.001
Septal E/e’ ratio 1.77 (0.95, 2.60) <0.001 2.02 (1.10, 2.94) <0.001 1.49 (0.40, 2.57) 0.007
Septal e’ velocity (cm/s) �0.10 (�0.37, 0.17) 0.48 �0.29 (�0.55, �0.02) 0.04 0.10 (�0.21, 0.41) 0.53

Abdominal obesity
(yes vs. no)

Unadjusted β
(95% CI) P-value

Model 1

P-value

Model 2

P-valueβ (95% CI) β (95% CI)

LVEDV (mL) 7.42 (4.62, 10.22) <0.001 9.63 (6.46, 12.80) <0.001 3.39 (�0.33, 7.11) 0.07
SV (mL) 4.88 (2.27, 7.49) <0.001 4.97 (1.84, 8.10) 0.002 0.65 (�2.90, 4.20) 0.72
LVM (g) 17.49 (12.16, 22.82) <0.001 21.18 (15.11, 27.25) <0.001 6.41 (�0.63, 13.44) 0.07
LVMV ratio (g/mL) 0.06 (0.02, 0.10) 0.005 0.06 (0.01, 0.11) 0.02 0.01 (�0.05, 0.07) 0.71
LVEF (%) �0.12 (�1.03, 0.80) 0.81 �0.69 (�1.79, 0.41) 0.22 �0.76 (�2.08, 0.57) 0.26
Septal S’ (m/s) 0.03 (�0.17, 0.23) 0.78 0.06 (�0.16, 0.28) 0.59 0.12 (�0.14, 0.39) 0.36
LA volume (mL) 6.77 (4.08, 9.46) <0.001 6.86 (4.01, 9.71) <0.001 1.00 (�2.37, 4.36) 0.56
Septal E/e’ ratio 1.34 (0.65, 2.03) <0.001 1.31 (0.51, 2.11) 0.001 0.53 (�0.42, 1.48) 0.28
Septal e’ velocity (cm/s) �0.55 (�0.77, �0.33) <0.001 �0.52 (�0.75, �0.29) <0.001 �0.34 (�0.61, �0.07) 0.01

CI, confidence interval; LA, left atrial; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVM, left ventric-
ular mass; LVMV, left ventricular mass-to-volume; SV, stroke volume.
Model 1: adjusting for age, sex, smoking, physical inactivity, systolic blood pressure, dyslipidaemia, diabetes mellitus, estimated glomer-
ular filtration rate, uric acid, and antihypertensive drugs. Model 2 in general obesity: Model 1 plus waist circumference. Model 2 in ab-
dominal obesity: Model 1 plus body mass index.

Table 4 Association between general and abdominal obesity with selected indices of left ventricular structure and function by sex

General obesity Abdominal obesity

β (95% CI) P-interaction β (95% CI) P-interaction

LEVDV
Men 6.22 (�1.81, 14.26) 0.18 6.99 (�0.01, 13.98) 0.19
Women 3.94 (�1.03, 8.91) 1.25 (�3.11, 5.61)

SV
Men 4.68 (�3.15, 12.52) 0.57 1.41 (�5.13, 7.94) 0.59
Women 2.60 (�2.82, 8.03) �0.08 (�4.37, 4.21)

LVM
Men 5.57 (�9.72, 20.86) 0.92 21.20 (8.03, 34.36) 0.04
Women 12.65 (3.18, 22.13) �1.56 (�9.78, 6.66)

LVMV ratio
Men �0.05 (�0.17, 0.07) 0.18 0.11 (0, 0.21) 0.20
Women 0.06 (�0.02, 0.15) �0.04 (�0.11, 0.04)

LA volume
Men 0.61 (�5.96, 7.17) 0.26 0.93 (�4.71, 6.57) 0.88
Women 9.05 (4.23, 13.88) 0.89 (�3.38, 5.15)

Septal E/e’ ratio
Men 1.26 (�0.68, 3.20) 0.45 0.75 (�0.92, 2.42) 0.22
Women 1.58 (0.28, 2.89) 0.24 (�0.92, 1.41)

Septal e’ velocity
Men 0.16 (�0.38, 0.70) 0.18 �0.58 (�1.04, �0.12) <0.001
Women 0.02 (�0.35, 0.40) �0.11 (�0.45, 0.22)

CI, confidence interval; LA, left atrial; LVEDV, left ventricular end-diastolic volume; LVM, left ventricular mass; LVMV, left ventricular mass-
to-volume; SV, stroke volume.
Adjusting for age, smoking, physical inactivity, systolic blood pressure, dyslipidaemia, diabetes mellitus, estimated glomerular filtration
rate, uric acid, and antihypertensive drugs; waist circumference in general obesity; or body mass index in abdominal obesity.
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stressing the importance of incorporating BMI and WC mea-
surements into assessing obesity-related LV alteration by sex.

Differences in body composition according to
ethnicity

Body composition is varied significantly according to different
ethnic groups. For example,Wang et al. compared body com-
position between Chinese and White men who live in
China.17 After adjusting for age and BMI, Chinese men had
significantly higher percentage of body fat including whole
body and the trunk area compared with their white counter-
parts, suggesting that Chinese men had more body fat and a
greater degree of central fat deposition pattern.17 Lear et al.
evaluated the relationship between BMI and total body fat
and subcutaneous and visceral adipose tissue across different
ethnic groups. The findings suggest that BMI significantly
underestimated visceral adipose tissue in Chinese and other
groups, and when a total body fat > 9.1 kg, the Chinese
group had a higher amount of visceral adipose tissue than
the other groups.32 Results from Deurenberg-Yap et al. sug-
gested that Singaporeans have a higher body fat percentage
at a lower BMI compared with Caucasians, and if obesity is
defined as excess body fat rather than excess weight, a lower
BMI cut-off point should be used for Singaporeans.33 Com-
pared with Caucasians and other ethnic groups, Asian Indians
had more fat, both total and in the abdominal region, with
less lean mass and skeletal muscle.34 Collectively, the evi-
dence demonstrates that given a certain BMI, the Asians have
a higher total body fat and subcutaneous adipose tissue
compared with their Caucasian counterparts.35,36

Left ventricular haemodynamics and structure
among individuals with general and abdominal
obesity

Consistent to prior studies,6–11 results of the current study
showed that individuals with general and abdominal obesity
had a higher central blood volume and cardiac output, which
predisposed to increasing LV wall stress and LVM. Although
initial studies have suggested that obesity was associated
with eccentric remodelling due to chronic volume
overload,37,38 results of recent and the current studies
showed that obese individuals were more likely to develop
concentric remodelling. Several mechanisms,39–42 including
activations of sympathetic nervous system and renin–angio-
tensin–aldosterone system, increased pressure overload
(e.g. BP elevation), insulin-resistant, hyperleptinaemia, and
increased release of insulin-related growth factors, have been
proposed to explain the obesity-related LV concentric remod-
elling and hypertrophy.

Studies have evaluated the relationship between mea-
sures of obesity and LV geometry. Lee et al. reported that
when BMI, WC, and clinical factors were included in the
multivariable model, both BMI and WC were associated
with LVM.10 Turkbey et al. reported that both increased
BMI and WC were positively associated with LVMV ratio,
an index of concentric remodelling.7 In the current study,
general obesity was only associated with LVM after
adjusting for WC, while there was no relationship between
abdominal obesity and LVM or LVMV ratio after adjusting
for BMI. Importantly, when we evaluated the relationship
between BMI and LV geometry, the results suggested that
BMI was still associated with LVM and LVMV ratio after
adjusting for WC. Nonetheless, there remained no
association between WC with LVM and LVMV ratio after
adjusting for BMI. One of the possible explanations was
that compared with per 1 cm increase in WC, per
1 kg/m2 increase in BMI was associated with a larger
increase in LVEDV and SV (Supporting Information, Table
S1), which in turn resulted in a greater increase in LV wall
stress and LVM, and concentric remodelling.42 From this
perspective, compared with WC (an index of regional fat
mass), BMI (an index of general body mass) might be
more closely related to LV haemodynamics and structural
alterations.

Left ventricular systolic function among
individuals with general and abdominal obesity

The reports on the relationship between obesity and LV
systolic dysfunction were conflicting.7,8,12,43–49 Differences
in the diagnostic techniques in assessing LV systolic
function, obese duration and severity, and clinical charac-
teristics of participants might explain these discrepancies.
In the current study, the LVEF was within normal range
among all participants, and the mean LVEF did not differ
by general and abdominal obese status. In addition, there
was no significant trend in LVEF alteration with increasing
BMI and WC. There was also no relationship between
general and abdominal obesity with LVEF, neither BMI
nor WC with LVEF. Similar findings were observed when
less load-dependent index of LV systolic function (septal
S’ velocity) was analysed. Nonetheless, when individuals al-
ready have LV systolic dysfunction, coexistent obesity might
result in further deterioration of LV systolic performance
due to obesity-related blood volume augmentation, chronic
inflammation, neurohormonal activation, and among
others. Taken together, findings of the current study sug-
gested that obesity was not associated with LV systolic dys-
function as assessed by LVEF and septal S’ velocity among
hypertensive individuals without overt cardiovascular
disease.
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Left ventricular diastolic function among
individuals with general and abdominal obesity

Concentric remodelling, LVH, and impaired LV relaxation pre-
dispose obese individuals, to developing LV diastolic
dysfunction.42,50,51 Indeed, the current study showed that
obese individuals, regardless of general or abdominal, had a
higher LA volume and septal E/e’ ratio and a lower septal e’
velocity than their non-obese counterparts. In addition, obe-
sity was significantly associated with these alterations even
after adjusting for relevant clinical covariates. Findings from
prior studies also support the relationship between obesity
and LV diastolic dysfunction.8,9,12,13,52 The novelty of the cur-
rent study was that we assessed and compared the alter-
ations of LV diastolic function in association with different
forms of adipose tissue distribution (general vs. abdominal).
Interestingly and importantly, after accounting for WC, gen-
eral obesity was associated with increased LA volume and
septal E/e’ ratio, while abdominal obesity was associated
with reduced septal e’ velocity after accounting for BMI. No-
tably, LA volume and septal E/e’ ratio are sensitive markers of
LV filling status, and septal e’ velocity is a marker of LV
relaxation.31 These results might reflect the differential
mechanisms by which general and abdominal obesity con-
tribute to LV diastolic dysfunction. For example, increased ab-
dominal fat mass is associated with dysglycaemia,
dyslipidaemia, chronic inflammation, and endothelial dys-
function, which in turn might impair LV relaxation. In con-
trast, increased general body mass was more relevant to
blood volume augmentation and concentric remodelling,
which in turn might increase LV filling pressure. Taken to-
gether, these results suggest that general and abdominal obe-
sity play complement roles in LV diastolic dysfunction.

Relationship between left ventricular structure
and function with general and abdominal obesity
by sex

Compared with men, women were more likely to develop
HFpEF.23–25 Sex differences in both the risk factors and their
associated influences on cardiovascular systems have been
proposed to explain these observations.23–25 Nonetheless,
whether general and abdominal obesity had differential influ-
ences on LV structure and function among hypertensive indi-
viduals without overt cardiovascular diseases is unknown.
With ageing, women are more likely than their male counter-
parts to gain fat mass and develop abdominal obesity.53,54

Therefore, one might speculate that obesity might have
worse impacts on LV structure and function in women. Im-
portantly, findings of the current study showed that general
obesity was significantly associated with LVM, LA volume,
and septal E/e’ ratio only in women; however, the interaction
analysis did not achieve statistical significance. In contrast,

abdominal obesity had worse impacts on LVM and septal e’
velocity in men. We were unsure the mechanisms and further
studies are needed to corroborate our findings.

Clinical implication

There are three important clinical implications. First, findings
of the current study reinforce the need and importance of in-
corporating BMI and WC measurements in routine clinical
practice. Second, recognizing the different patterns of LV al-
terations in association with different forms of adipose tissue
distribution, measuring BMI and WC may help physicians to
predict LV alterations in a convenient way. Third, sex should
be taken into consideration when evaluating the
obesity-related LV structural and functional alterations.

Limitations

There are several limitations of the current study. First, this is
an observational study, and no causal relationship between
obesity and LV alterations should be drawn. Second, this is
a study of Chinese community populations, and findings of
the current study should not be extrapolated to other ethnic
groups. Third, the relatively small sample size of the current
study might compromise the statistical power to detect some
significant differences in the interaction analysis. Fourth, al-
though we have adjusted for multiple covariates, unknown
and unmeasured covariates might still exist and influence
the relationship between obesity and LV structure and
function.

Conclusions

In conclusion, findings of the current study suggest that
among Chinese hypertensive individuals without overt car-
diovascular disease, general and abdominal obesity were as-
sociated with different patterns of LV structural and
functional alterations, which were modified by sex.
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