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Abnormal or excessive fat accumulation is defined as obesity. The prevalence of obesity has risen
worldwide in the last years. Obesity increases cardiovascular disease risk, affecting cardiac and vascular
systems. Accordingly, the health burden related to obesity has been increased. Notably, even individuals
with normal body weight can present with excessive accumulation of visceral fat, also known as central
obesity. Population-based studies demonstrated associations between central obesitymeasures, including
waist circumference,waist-to-hip ratio, andvisceral adipose tissue, and adverse cardiovascular events and
increased all-cause mortality. It has been shown that central obesity induces cardiac remodelling and
dysfunction. Moreover, central obesity measures proved to be more reliable predictors of cardiac
remodelling and dysfunction than traditional obesity measures such as body mass index. This review
presents recent evidence of the detrimental effects of central obesity on cardiac function and structure.
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Introduction
Obesity, defined as abnormal or excessive fat accumulation,
has reached epidemic proportions worldwide, with prevalence
rates doubling since 1990 and statistical models projecting 60%
of adults worldwide will be overweight or obese by 2050 [1–3].
This public health challenge affects high-income nations dis-
proportionately, where systemic limitations in policy and
health care infrastructure have contributed to its progression
[2,3]. The economic influence is substantial, mainly attributable
to cardiovascular disease, which remains the predominant
cause of mortality in this population, responsible for more than
two-thirds of obesity-related deaths [4,5]. Obesity is connected
to cardiovascular diseases through various pathways, which
include direct physiological effects and indirect effects
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mediated by additional risk factors such as diabetes mellitus,
hypertension, dyslipidaemia, and systemic inflammation [6,7].
Obesity can affect cardiac physiology directly by causing
hemodynamic alterations characterised by increased blood
volume and inducing inflammatory and metabolic changes, all
of which lead to cardiac remodelling and dysfunction [8].
Obesity is also associated with metabolic and inflammatory
changes that contribute to the cardiac remodelling, including
activation of the renin-angiotensin-aldosterone and sym-
pathetic nervous systems, hyperleptinemia due to leptin
resistance, low circulating adiponectin levels, insulin resistance
with hyperinsulinemia, and potential cardiac lipotoxicity [9].
According to recent data, increased visceral fat accumu-

lation, also known as central obesity, is more closely linked
to various metabolic disturbances and cardiovascular
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diseases than general obesity [10–14]. Although central and
general obesity are detrimental, recent findings indicate that
visceral adipose tissue (VAT) accumulation carries a greater
risk for developing diverse pathological conditions, includ-
ing cardiovascular and metabolic disorders [10]. It has been
shown that greater accumulation of abdominal fat tissue is
associated with a higher prevalence of coronary artery heart
disease [11], hypertension [12], type 2 diabetes [13], and
hypertriglyceridemia [14]. In this review, we summarise
recent studies on the effect of central obesity on car-
diovascular morbidity and mortality as well as specific
effects of central obesity on cardiac remodelling and dys-
function in individuals with central obesity. In the literature,
central adiposity is also referred to as visceral or abdominal
obesity; however, for simplicity, we will use the term central
obesity throughout this manuscript, even if the original
articles refer to visceral or abdominal obesity.
Obesity Assessment
The widely used measure of obesity is body mass index
(BMI), which is calculated using the formula: BMI = weight
(kg) O height (m)2. Bioelectrical impedance analysis (BIA) is
another method for estimating body composition by meas-
uring electrical conductance of body tissues [15]. This tech-
nique relies on the principle that different biological tissues
exhibit distinct electrical conductivity, allowing the estima-
tion of fat mass, fat-free mass, and total body water. BIA is
valued for its speed, non-invasiveness, and affordability,
making it suitable for routine assessments in clinical and
research settings. However, its accuracy can substantially
vary due to factors such as hydration status and the integrity
of cellular membranes, which can lead to inconsistent results
depending on the physiological state of the individual being
assessed [16,17]. The main disadvantage of using BMI and
BIA is that they cannot differentiate between fat and lean
mass and do not account for variations in body fat
distribution [18].
Central Obesity Assessment
Accumulating evidence suggests that even individuals with
normal BMI might present with central obesity, emphasising
that BMI measurements alone cannot identify health risks
associated with abdominal fat accumulation [19,20]. Central
obesity can be assessed by various methods, each presenting
distinct advantages and limitations [21–23]. Waist circum-
ference (WC) and waist-to-hip ratio (WHR) are well-
established and widely used measures of central obesity. WC
serves as a simple and cost-effective metric. It is measured
around the abdomen at the level of the iliac crest. This meas-
urement is quick to obtain and reliably identifies individuals at
risk for cardiovascular and metabolic conditions. Specifically, a
WC of 94 cm or greater in men and 80 cm or greater in women
correlates with increased risks of adverse cardiovascular
outcomes [24]. However, its accuracy in reflecting fat dis-
tribution may vary across different populations [25,26].

WHR provides a comparative measure of body fat
distribution, calculated by dividing WC by hip circum-
ference. This metric shows the strongest and most consistent
association with mortality in the general population [27] but
requires precise measurements of WC and hip circumference,
which can be challenging [28–30].

Recently, various imaging techniques have been used to
characterise and phenotype body fat distribution. These
techniques demonstrate strong correlations with simple
measures of central obesity, including WC and WHR, and
offer better characterisation of body fat distribution.

Ultrasound techniques, widely available in clinical set-
tings, serve as a complementary method for central obesity
assessment, supplementing traditional anthropometric
measures when other imaging modalities are unavailable.
These techniques provide precise measurements of visceral
fat distribution in individuals with obesity in the abdominal
region [31,32]. Measurements conducted at specific
abdominal sites enable direct assessments of subcutaneous as
well as intraperitoneal fat distributions, including mesen-
teric, perirenal, preperitoneal, and intraperitoneal fat
deposits, that exhibit strong correlations with established
anthropometric indicators, including BMI andWC, as well as
with diverse health risks [33–35], validating ultrasound as an
essential complementary instrument in central obesity
assessment [32]. Moreover, ultrasound demonstrates higher
precision for quantification of fat thickness and distribution
than anthropometric measures. This enhanced accuracy
proves particularly valuable in research contexts and for
monitoring body composition changes over time [36].
However, there are no internationally established cut-off
values for those ultrasound-based variables to accurately
identify and diagnose central obesity in various populations
and conditions, making such standardisation requiring
future studies.

Computed tomography (CT) provides cross-sectional
images of the body, enabling precise measurement of VAT
[23]. Recognised as the gold standard for the quantitative
assessment of VAT due to its high accuracy and reproduci-
bility in clinical settings, CT effectively differentiate VAT and
fat from other tissues, using specific Hounsfield unit ranges
[23,37,38]. Despite its advantages, CT has substantial limi-
tations, including high costs and radiation exposure, which
can make its routine use for screening impractical.

Alternative imaging techniques, such as magnetic
resonance imaging (MRI), have recently emerged as a pivotal
non-invasive imaging modality for assessment of visceral
adiposity, providing detailed insights into body fat
distribution and characteristics [39]. MRI produces high-
resolution, three-dimensional images that enable precise
differentiation betweenVAT and subcutaneous adipose tissue
[39,40]. MRI demonstrates similarity accuracy with CT in
measuring VAT and avoids radiation exposure [37,41,42].
Although MRI is generally safer, it can be less accessible and
more expensive than CT [23,38].
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Several studies have demonstrated that increased VAT, as
measured by imaging modalities, surpassing certain thresh-
olds correlates with various health risks [43]. For instance, a
study indicates that a VAT area�106 cm2 in women is
associated with increased metabolic risk factors for coronary
heart disease [44]. Additionally, VAT thresholds of 104.3 cm2

for men and 94.1 cm2 for women have been linked to met-
abolic syndrome in individuals with ischaemic stroke [45].
Although central obesity has been defined within the Japa-
nese population as VAT�100 cm2 [46]. However, the some
available studies investigating the effects of central obesity
on cardiac remodelling have used VAT cut-off values �130
cm2 [47,48], whereas others have used VAT measurement to
assess central obesity without adhering to specific cut-off
values [49,50].
In summary, considerable challenges persist in achieving

standardisation of measurement methodologies across
imaging modalities and protocols with consideration of
gender- and population-specific characteristics. Evidence
suggest that MRI and CT can be considered as gold standard
techniques for the quantification of VAT, demonstrating
associations with a wide range of metabolic and car-
diovascular risk factors. Nevertheless, future studies should
prioritise the standardisation of measurement protocols, the
advancement of more accessible estimation techniques, and
the identification and optimisation of clinical thresholds
tailored to specific populations and genders.
Effects of Central Obesity on
Morbidity and Mortality
Compelling evidence indicates that central obesity poses a
higher risk of morbidity and mortality than general obesity
measured by BMI (Table 1). Central obesity measures, spe-
cifically, WC and WHR, demonstrate stronger correlations
with adverse health outcomes than BMI. A comprehensive
meta-analysis, including 72 prospective cohort studies with a
total of 2,528,297 participants, revealed that these central
obesity measures are associated with an increased risk of all-
cause mortality, even after adjusting for BMI [51]. A pro-
spective, longitudinal cohort study established VAT as a
primary predictor of heart failure specifically in Black but not
in White populations [50]. Moreover, a large-scale inves-
tigation of 20,298 participants demonstrated central obesity
increased cardiovascular disease risk by 33% when adjusted
for demographics, smoking, and alcohol consumption,
although this correlation diminished after metabolic status
adjustment [52].
An analysis of 156,000 post-menopausal women indicated

that having normal weight combined with central obesity
was associated with a higher likelihood of all-cause mortality
and cardiovascular disease than individuals with normal
weight and no central obesity [53]. Moreover, a retrospective
study of 1,697,903 subjects showed that individuals with
normal weight with central obesity exhibited increased risks
of heart failure, atrial fibrillation, and angina pectoris [54].
Furthermore, a stratified multistage probability study of
15,184 subjects revealed that individuals with normal weight
with central obesity showed higher total and cardiovascular
mortality risks than those classified as overweight or obese
by BMI alone [55].
In patients with type 2 diabetes mellitus, increases in WC

were associated with heart failure onset and increased all-
cause mortality [56]. Additionally, a prospective cohort
study reported that high WC combined with diabetes
increased cardiovascular death risk by 2.3 times [57]. A study
with 3,320 individuals with heart failure with preserved
ejection fraction (HFpEF) found that central obesity was
correlated with an increased risk of all-cause mortality, par-
ticularly, in men [58].
Population-based studies have conclusively established

central obesity as a major determinant of cardiovascular
outcomes and mortality (Table 1). A prospective population-
based study of 1,346 male subjects found a 9.8 cm increase in
WC increased coronary event risk by 24.2% [59]. Moreover,
men with WC exceeding 90.0 cm experienced double the risk
compared with those with WC below 83.5 cm [59]. Secon-
dary analysis of the Heart Outcomes Prevention Evaluation
(HOPE) study demonstrated that increases in WC were
associated with a 23% higher myocardial infarction risk, 38%
higher heart failure risk, and 17% higher total mortality [60].
Additionally, a prospective, longitudinal cohort study iden-
tified WC as a predictor of incident heart failure, with WC
and body fat percentage emerging as significant predictors
[50]. Further evidence from a prospective cohort study
showed that each standard deviation–increase in WC raised
heart failure risk by 14% after adjusting for BMI and other
confounders [61]. Moreover, an investigation of 8,202 indi-
viduals revealed increased WC was associated with
increased hospital admission rates over 18 years of follow-up
[62]. Higher WC was also associated with increased all-cause
and cardiovascular mortality risk in men and women, as was
demonstrated in a large cohort study of 19,735 subjects [63].
Taken together, the central obesity marker, WC, is a sig-

nificant predictor of adverse cardiovascular outcomes and
mortality, as supported by several population-based and
prospective studies. These studies consistently show that
increased WC is associated with higher risks of coronary
events, myocardial infarction, heart failure, and overall
mortality.
Another measure of central obesity, WHR, also serves as a

powerful predictor of cardiovascular outcomes and mortal-
ity. Furthermore, a prospective, longitudinal cohort study of
2,435 participants identified baseline WHR as a predictor of
incident heart failure in men but not women [50]. Addi-
tionally, a prospective cohort study that followed 516 female
participants for 7 years demonstrated that high WHR rather
than WC increased cardiovascular event risk [64].
A prospective population-based study of 1,346 male sub-

jects demonstrated a 21.3% increase in coronary event risk
with each 0.06 increase in WHR, whereas a WHR exceeding
0.91 tripled this risk [59]. Secondary analysis of the HOPE
study revealed women with each 0.01-WHR increase above



Table 1 Summary of the community-based studies assessing the associations of central obesity with cardiovascular
outcome and mortality.

Study Study design Study
population

Assessment of central obesity Key findings of the study

Lakka et al.

2002 [59]

Prospective

population-based

study

Male subjects:

n=1,346; mean

age 51.665.9

years

Assessed central obesity markers:

Men with WHR: ,0.91 (n=314),

0.91–0.94 (n=33), 0.95–0.98 (n=35),

.0.98 (n=43)
Men with WC: ,83.5 cm (n=20),

84–89.5 cm (n=27), 90–95.5 cm

(n=37), .95.5 cm (n=39)

� [ WHR by 0.06 / [

coronary event risk by

21.3%
� [ WHR.0.91 /

w33coronary event risk
� [ WC by 9.8 cm / [

coronary event risk by

24.2%
� [ WC�90.0 cm (men) /

w23coronary event risk

vs WC,83.5 cm

Dagenais et al.
2005 [60]

Secondary analysis of
the HOPE study with a 5-year

follow-up period

n=8,802, mean
age 66 years,

(Men n=6,620;

Women n=2,182)

Assessed central obesity markers:
WC: Women: ,87 cm, 87–98 cm,

�98 cm. Men: ,95 cm, 95–103 cm,

�103 cm.

WHR: Women: ,0.83, 0.83–0.90,

�0.90. Men: ,0.93, 0.93–0.97,

�0.97

� [ WC / [ risk of MI
(23%), HF (38%), total

mortality (17%)
� [ WHR by 0.01 (.0.83)

(women) / [ risk: CVD

death (4%), MI (4%), HF

(5%)
� [ WHR / [ risk: CVD

death (24%), MI (20%),
total mortality (32%)

� [WHR�0.90 (women)/

23risk of CV death and

HF, w23risk of MI, total

mortality
� [ WHR (women) predicts

CVD events (excluding

stroke)
Nicklas et al.

2006 [50]

Prospective, longitudinal

cohort study (Health,

Aging and Body

Composition

study)

n=2,435, mean

age 73.6 years,

(Men n=1,081;

Women n=1,354)

Assessed central obesity markers:

WC.102 cm (Men), .88 cm

(Women). VAT measured by CT

� [WC & %body fat /

predict HF
� [VAT / predicts HF in

blacks, not whites
� [WHR (men not in

women) / [incident HF

Cabrera et al.

2007 [64]

Prospective cohort

study with a 7-yr
follow-up period

Female subjects:

n=516; mean age
70.9 years

Assessed central obesity markers:

WC quartiles: 63–84cm, 85–90 cm,
91–96 cm, and 97–130 cm.

WHR quartiles: 0.70–0.88,

0.89–0.92, 0.93–0.98, and 0.99–1.12

� [ WHR / [

cardiovascular event risk
� [ WC / no significant

effect on cardiovascular

event risk

Ammar et al.

2008 [65]

Cross-sectional, population-based

cohort study (average follow-up

5.5 years)

n=2,042, (Men

n=982; Women

n=1,052)

Central obesity: WHR�0.9 (Men),

�0.85 (Women).

Obesity: BMI�30 kg/m2

� [ WC by 1 SD / [ LV

diastolic dysfunction odds

by 1.363
� [ WHR / Y LVEF
� [ WHR by 1 SD / [ LV

diastolic dysfunction odds

by 1.553
� [ WHR by 1 unit /

23.593all-cause mortality

risk
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Table 1. (continued).

Study Study design Study
population

Assessment of central obesity Key findings of the study

Wildman et al.

2012 [52]

Pooled analysis of data from three

large cohorts: Framingham
Offspring Study (FOS),

Atherosclerosis Risk in

Communities Study (ARIC), and

CHS with average follow-up of 8.3

years

n=20,298,

�45 years

Assessed central obesity markers:

WC.102 cm (Men), .88 cm
(Women)

� [WC/[ total CVD risk

by 33% (adjusted for
demographics, smoking,

alcohol)
� This association not sig-

nificant after adjusting for

metabolic status

Djoussé et al.

2012 [61]

Prospective cohort study using

data from the CHS from 1989 to

2007

n=4,861, (Men

n=2,063,

mean age
73.065.6 years;

Women n=2,798,

mean age

72.365.4 years)

Assessed central obesity markers:

WC�91, 91.1–97.2, 97.3–104, and

.104 cm (Men) and �82, 82.1–91.6,
91.7–101.1, and .101.1 cm

(Women)

� [ WC by 1 SD / [ HF

risk by 14% (adjusted for

BMI & covariates)
� [ WHR by 1 SD / [

incident HF risk (adjusted

for BMI and covariates)
� [ WC by 1 SD/ [ HF

risk with Y LVEF by 28%

(no [ in risk with normal

LVEF)
� [ BMI by 1 SD/ [ inci-

dent HF risk by 22% (non-

significant after WC

adjustment)

Sahakyan et al.

2015 [55]

Stratified multistage

probability design study

n=15,184, (Men

n=7,249; Women

n=7,935; mean

age 45 years)

Assessed central obesity markers:

WC.88 cm (Women), .102 cm

(Men); WHR�0.85 (Women),

�0.90 (Men)

� Normal BMI 1 central

obesity (men) / [ total

mortality risk vs no cen-

tral obesity
� Normal BMI 1 central

obesity (men) / w23 [

total mortality risk vs

overweight/obese with-

out central obesity
� Normal BMI 1 central

obesity (women) / [

total mortality risk vs no

central obesity
� Normal BMI 1 central

obesity (women) / [

total mortality risk vs

obese (by BMI) women
� Normal BMI 1 central

obesity (men) / [ car-

diovascular mortality risk

vs no central obesity
� Normal BMI 1 central

obesity (women) / w23

[ cardiovascular mortal-

ity risk
� [ WHR (both sexes) / [

mortality risk, car-

diovascular mortality risk
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Table 1. (continued).

Study Study design Study
population

Assessment of central obesity Key findings of the study

Ueno et al. 2022

[54]

Retrospective observational study

using the JMDC Claims Database
in Japan (2005 to April 2020).

n=1,697,903;

aged 40–75
years,

(n=872,578 Men

[51.4%];

n=825,325

Women [48.6%])

Assessed central obesity markers:

WC�90 cm (men) or �80 cm
(women). Normal-weight central

obesity: normal weight (BMI:

18.5–23.0 kg/m2) with central

obesity.

� Normal-weight with [

WC / slightly [ risk of
HF, atrial fibrillation,

angina pectoris.

Li et al. 2022

[57]

Prospective cohort study n=1,521;

mean age 70.96

years, (Men
n=900;

Women n=621)

Assessed central obesity markers:

WC classification:

,82 cm, 82–94 cm,
and .94 cm

� WC.94 cm1diabetes /

w2.33risk of car-

diovascular death
� WC.94 cm (adjusted for

confounders) / [ risk of

cardiovascular death
� WC.94 cm 1 diabetes

(adjusted for con-

founders) / [ risk of

cardiovascular death

Liu et al. 2023
[63]

Cohort study n=19,735, (men
n=9,472, mean

age 46.20 years;

Women

n=10,263, mean

age 44.69 years)

Assessed central obesity markers:
WC

$ [ WC (both sexes) / [

all-cause mortality risk

$ [ WC (both sexes) / [

CVD mortality risk

Ramezankhani

et al. 2023 [62]

Population-based

prospective investigation

n=8,202,

(Men n=3,727,

mean age 48.1
years;

Women n=4,475,

mean age 46.3

years)

Assessed central obesity markers:

normal WC (,95 cm) and high WC

(�95 cm)

� High WC (men) / [

hospital admissions by

18%
� High WC (women) / [

hospital admissions by

30%

Abbreviations: WHR, waist-to-hip ratio; WC, waist circumference; HOPE, Heart Outcomes Prevention Evaluation; MI, myocardial infarction; HF, heart failure;

CVD, cardiovascular disease; CV, cardiovascular; VAT, visceral adipose tissue; CT, computed tomography; BMI, body mass index; SD, standard deviation; CHS,

cardiovascular health study; LVEF, left ventricular ejection fraction.
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0.83 faced a 4% higher risk for cardiovascular death, myo-
cardial infarction, and heart failure [60]. Moreover, this study
showed that women with WHR of 0.90 or higher experienced
doubled risks of cardiovascular death and heart failure,
along with nearly doubled risks of myocardial infarction and
total mortality [60]. A cross-sectional, population-based
cohort study found that an increase in WHR was
strongly associated with left ventricular (LV) diastolic dys-
function and predicted in all-cause mortality better than BMI
did [65].
Taken together, WHR is a potent predictor of

cardiovascular outcomes and mortality. Studies have
consistently shown that increases in WHR are associated
with significantly higher risks of coronary events,
myocardial infarction, heart failure, and all-cause mortality
in men and women, often exceeding the predictive value of
other measures such as BMI.
Effects of Central Obesity on the
Heart
Several studies have demonstrated that central obesity sig-
nificantly contributes to the development and severity of car-
diac remodelling and dysfunction. Studies have employed
techniques, such as echocardiography and MRI, to assess the
specific effects of central obesity on cardiac structure and
function, including the development of heart failure. Studies
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support that central obesity markers, includingWC,WHR, and
VAT, are more closely associated with cardiac remodelling and
dysfunction than BMI, highlighting the substantial effect of
central obesity on cardiac structure (Table 2). This section
discusses the specific effects of central obesity first on cardiac
remodelling and then on cardiac function, including its effects
on the atrium, and examines the mechanisms by which central
obesity influences these variables.

Central Obesity and Cardiac Remodelling
Obesity has been implicated in eccentric and concentric LV
remodelling patterns. Eccentric remodelling patterns in
obesity mainly originate from the pre-load–dependent
mechanisms, resulting from increased blood volume as the
heart adapts to perfuse the expanded adipose tissue volume
[66–68]. Conversely, concentric remodelling occurs more
frequently in individuals with obesity with hypertension,
where increased afterload significantly contributes to the
development of the concentric LV remodelling pattern
[66,69]. Although concentric remodelling was previously
considered the predominant form of LV remodelling in
obesity [70,71], recent findings demonstrate a substantial
prevalence of eccentric remodelling. A meta-analysis of
22 studies with 5,486 individuals with obesity revealed that
in those with LV remodelling, 66% exhibited eccentric
remodelling, whereas 34% displayed concentric LV remod-
elling [72]. The type of predominant cardiac remodelling
pattern in patients with obesity depends on a number of
factors such as obesity severity and duration and the
presence of hypertension [49,66].
Studies have demonstrated closer association of central

obesity markers, including WC, WHR, and VAT, with car-
diac remodelling and dysfunction than BMI, highlighting the
substantial effect of central obesity on cardiac structure.
According to several prospective and cross-sectional studies
increases in WC, WHR, and VAT independently correlated
with LV remodelling, exhibiting a stronger association with
LV mass, hypertrophy, and dilation than BMI [47,73–78].
Moreover, observational, cross-sectional studies using CT to
analyse visceral fat distribution reported that patients with
obesity with VAT�130 cm2 presented greater LV wall
thicknesses and LV mass than those with VAT,130 cm2

[47,48]. Furthermore, a prospective cohort study of 229
subjects with suspected metabolic syndrome revealed a
correlation between increased visceral fat area, assessed by
BIA, and increased LV mass [79]. A longitudinal prospective
cohort study showed that individuals with central obesity
who gained weight over a 6-year follow-up period devel-
oped LV remodelling, characterised by a significant increase
in the LV mass-to-volume ratio [80]. Finally, a two-sample
Mendelian randomisation study established a causal associ-
ation between WHR adjusted for BMI, reduced LV volume,
and an increased LV mass-to-volume ratio [81].
Taken together, central obesity markers, such WC, WHR,

and VAT, have a more significant association with cardiac
remodelling, including LV mass, hypertrophy, and dilation,
than BMI. Various studies, including prospective, cross-
sectional, and Mendelian randomisation analyses, con-
sistently show that increased central obesity is strongly
associated with adverse cardiac structural changes.

Central Obesity and Cardiac Dysfunction
Obesity has been shown to adversely affect cardiac function,
influenced by factors such as the duration of obesity and
comorbidities such as diabetes mellitus and hypertension.
Generally, cardiac dysfunction develops alongside cardiac
remodelling in obesity, however, initial stages of cardiac
remodelling may occur without evident signs of cardiac
dysfunction due to compensatory mechanisms. Data indicate
that obesity induces both systolic and diastolic LV dysfunc-
tion. Markers of central obesity correlate more strongly with
LV diastolic and systolic dysfunction than traditional general
obesity marker BMI.
Several studies demonstrated significant associations

between central obesity markers, including WC, WHR, and
VAT, and LV systolic dysfunction. Specifically, most studies
have indicated that WC and WHR correlated with altered LV
global longitudinal strain (LV-GLS), indicating altered LV
systolic function. For instance, several studies have demon-
strated that central obesity markers, such as WC, WHR, and
VAT, correlated with altered LV-GLS [49,77,79,82,83]. Inter-
estingly, a population-based cohort study revealed that high
WHR correlated with lower LV-GLS across all BMI classi-
fication (normal, overweight, and obese) [77]. This finding
indicates that central obesity, as measured by WHR, inde-
pendently and more significantly affects LV systolic function
than overall obesity measured by BMI [77].
Central obesity also affects LV diastolic function. Several

studies demonstrated a significant association between cen-
tral obesity markers, including WC, WHR, and VAT, and LV
diastolic dysfunction. For instance, measures of central obe-
sity correlated strongly with altered values of LV diastolic
dysfunction metrics such as LV-E deceleration time, LV early
diastolic velocity (LV-E’), LV E/A ratio, LV-E’/A’ ratio, LV-
E/E’ ratio, and isovolumetric relaxation time in several
studies [73–77,82,83]. Notably, most studies show that WC
and WHR values remain associated with the development of
LV diastolic dysfunction even after adjusting for other risk
factors [65], highlighting the crucial role of central obesity in
the development of LV diastolic dysfunction.
Additionally, individuals with obesity with VAT�130 cm2

exhibit longer LV-E deceleration time values than those with
VAT,130 cm2 [48]. A prospective cross-sectional study iden-
tified VAT as independently linked to the onset of LV diastolic
dysfunction [49]. In subjects suspected of having metabolic
syndrome, BIA assessment of visceral fat area correlated with
altered LV-E’ values [79], indicating presence of LV diastolic
dysfunction. Finally, a longitudinal prospective cohort study
with an average follow-up of 6 years showed that individuals
with central obesity who gain weight experienced notable
changes in LV-E’ from baseline to follow-up, indicating pro-
gression of LV diastolic dysfunction [80].



Table 2 Summary of the studies assessing the effects of central obesity on cardiac remodelling and function.

Study Study design Study population Compared groups Assessment of central
obesity

Key findings

Morricone

et al. 2002

[47]

Cross-sectional,

observational study

Patients with obesity (n=28;

mean age 43.2; men [n=7],

women [n=21]) and healthy

controls (n=18; mean age

45.8; men [n=4], women

[n=14])

Patients with obesity (n=28;

VAT,130 cm2 [n=9],

VAT�130 cm2 [n=19]) and

control subjects (n=18).

Central obesity: VAT

via CT�130 cm2. WC

and WHR

� [ WC / [ IVSd
� [ WHR / [

LVIDd
� [ VAT / [

IVSd, LVPWTd,

LVMI
� VAT�130 cm2 /

[ IVSd,

LVPWTd, LVMI

vs VAT,130 cm2

Malavazos

et al. 2007

[48]

Observational,

cross-sectional

study

Women with obesity (n=27;

mean age 33.3) and control

women (n=15;

mean age 36.8)

Women with obesity (n=27;

VAT,130 cm2 [n=12],

VAT.130 cm2 [n=15], and

control women [n=15]).

Central obesity: VAT

via CT�130 cm2. WC

and WHR

� VAT�130 cm2 /

[ IVSd, LVPWd,

LV-E-DT, MPI vs

VAT,130 cm2

Ammar

et al. 2008

[65]

Cross-sectional

population-based

design with a 5-

year prospective

mortality follow-up

Subjects (n=2,042;

mean age was 62 yrs

(range 45-96);

men [n=982] and

women [n=1,052])

Men (n=982) and women

(n=1,052)

Central obesity:

WHR�0.9 for men and

�0.85 for women

� WHR / [ LVEF,

LV diastolic dys-

function, LV

dimensions, LV

mass, LA volume

index vs BMI
� [ WHR / [

odds of HF even
with general

obesity
� [ WHR / pre-

dicts [ all-cause

mortality

Eschalier

et al. 2014

[74]

Cross-sectional

study

Abdominal obesity group

(n=87; aged 5566 yrs, 48

(55.2%) were female).
Control group (n=53; aged

5466 yrs, 29 (54.7%) were

female)

Central obesity (n=87) and

no abdominal obesity

(n=53)

Central obesity:

WC.94 cm in men

and .80 cm in women

� [ WC, WHR /

[ LVM, CRI

(LVM/LVEDV)
� [ WC / LV

diastolic dysfunc-

tion (LV-E0,10

cm/s)

Share et al.

2015 [82]

Cross-sectional

study

Women with abdominal

obesity (n=39; aged

22.463.5 yrs) and women

without abdominal obesity
(n=33; aged 20.060.7 yrs)

Women with central (n=39)

and women without central

obesity (n=33)

Central obesity:

WC�80 cm

� Central obesity

(women)/[ LA

diameter, LV-E/

E’, IVRT, DT
� Central obesity

(women) / Y

LV-E, LV-E’,

LV-S’, LV-LS,

LV-LDSR
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Table 2. (continued).

Study Study design Study population Compared groups Assessment of central
obesity

Key findings

Son et al.

2016 [75]

Population-based

prospective cohort
study (KoGES-

ARIRANG)

Healthy men (n=1,460;

mean age 54.568.1 yrs)

The study population was

divided into tertiles based
onWC: first tertile (WC,82

cm; n=487), second tertile

(WC 82–89 cm; n=464), and

third tertile (WC�89 cm;

n=509).

Assessed central

obesity markers: WC
tertiles: 82 cm and 89

cm

� [ WC / [ LA

volume index,
LVEDd, LVESd,

LVMI
� [ WC / LV

diastolic dysfunc-

tion ([ LV-E-DT,

Y LV-E/A ratio)
� Third tertile WC

(men) / [ LA
dilation vs first

tertile WC
� Third tertile WC

/ [ LV dilation,

LV hypertrophy,

LV diastolic dys-

function vs first

tertile WC
Russo et al.

2016 [77]

Population-based

cohort study from

CABL study

Study participants (n=729;

mean age 71.569.4 yrs,

men [n=288] and women

[n=441])

WHR: Normal WHR and

High WHR. BMI: Normal

(,25 kg/m2), overweight

(25–29.9 kg/m2), and obese

(�30 kg/m2)

Central obesity:

WC.88 cm (women)

and .102 cm (men);

WHR�0.85 (women)

and �0.90 (men)

� [ WC, [ WHR

/ [ LV mass, [

LVM/LVEDV
� [ WC, [ WHR

/Y LV-E0, [ LV-

E/E0

� [ WC, [ WHR

/ Y LV-GLS
Cho et al.

2019 [79]

Prospective cohort

study

Subjects with suspected

metabolic syndrome

(n=229; mean age 56.464.5

yrs; men [n=115], women

[n=114])

Subjects with high visceral

fat area (n=113) and low

visceral fat area (n=116)

Central obesity:

WC�90 cm (men), �80

cm (women); visceral

fat area: measured by

bioelectrical

impedance (�76 cm2)

� [ Visceral fat area

/ [ LV mass

index, Y LV-E0

lateral, and Y LV-

GLS.

Mandry

et al. 2021
[80]

Longitudinal,

prospective cohort
study (6.161.2-year

follow-up)

Non-obese controls (n=58),

subjects with abdominal
obesity (n=75)

Non-obese controls (n=58);

central obesity: with weight
gain (n=16, .7% weight

gain) and without weight

gain (n=59)

Central obesity:

WC.102 cm for men
and .88 cm for

women

� Central obesity 1

weight gain / [

LVM/LVEDV

ratio, [ LV-E’

(baseline / fol-

low-up)

Liu et al.

2022 [49]

Prospective, cross-

sectional study

obesity group (BMI�27.5

kg/m2; n=48; mean age

32.668.9 yrs, male 54.2%),

healthy control group
(BMI,23 kg/m2; n=25;

mean age 33.3610.4 yrs,

male 48%)

Obesity group (n=48)

healthy control group

(n=25)

Assessed central

obesity markers: WC,

WHR, and VAT by

dual X-ray
absorptiometry

[ WC, WHR / [

LV max myocardial

wall thickness

[ WHR / [ LV
mass, LVM/

LVEDV

[ VAT / [ LV-

GLS, LV LPDSR, LV

CPDSR
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Table 2. (continued).

Study Study design Study population Compared groups Assessment of central
obesity

Key findings

Gao et al.

2023 [81]

Two-sample

Mendelian
randomisation

Exposure data: Individuals

from the Genetic
Investigation of

Anthropometric Traits

(GIANT) Consortium

(n=224,459). Outcome data:

Individuals from the UK

Biobank Cardiovascular

Magnetic Resonance

substudy (n=16,923)

Exposure data: Individuals

from the GIANT
Consortium (n=224,459).

Outcome data: Individuals

from the UK Biobank

Cardiovascular Magnetic

Resonance substudy

(n=16,923).

Assessed central

obesity markers: WC
adjusted for BMI

(WCadjBMI), WHR

adjusted for BMI

(WHRadjBMI)

� [ genetically

established
WHRadjBMI /

Y LVEDV, [

LVMVR
� [ genetic liability

to WHRadjBMI

/ Y LVESV

(nominally sig-

nificant), [ LVM
(nominally

significant)

Marttila

et al. 2024

[78]

Prospective,

consecutive, cross-

sectional study

from the METSIM

(Metabolic

Syndrome in Men)
study

Central obesity group

(n=29; age 5764 yrs, only

men), Control group (n=18;

mean age 5263 yrs, only

men)

Central obesity group

(n=29), Control group

(n=18)

Central obesity:

WC.100 cm and

BMI,30 kg/m2

� [ WC, WHR /

[ LV maximal

wall thickness

Abbreviations: BMI, body mass index; CPDSR, circumferential peak diastolic strain rate; CRI, cardiac remodelling index; DT, deceleration time; HF, heart failure;

IVSd, diastolic interventricular septum thickness; IVRT, isovolumic relaxation time; LA, left atrium; LPDSR, longitudinal peak diastolic strain rate; LV, left

ventricle; LV-LDSR, left ventricular longitudinal diastolic strain rate; LV-E, left ventricular early diastolic filling velocity; LV-E/A ratio, ratio of peak early to late

ventricular filling velocities; LV-E’, left ventricular early diastolic tissue Doppler velocity; LV-E-DT, left ventricular early filling deceleration time; LV-GLS, left

ventricular global longitudinal strain; LVEDd, left ventricular end-diastolic diameter; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular

ejection fraction; LVESd, left ventricular end-systolic diameter; LVESV, left ventricular end-systolic volume; LVMI, left ventricular mass index; LVM, left ven-

tricular mass; LVMVR, left ventricular mass/volume ratio; LV-LS, left ventricular longitudinal strain; LVPWd, left ventricular posterior wall diameter; LVPWTd,

left ventricular posterior wall thickness diameter; MPI, myocardial performance index; VAT, visceral adipose tissue; WC, waist circumference; WCadjBMI, waist

circumference adjusted for BMI; WHR, waist-to-hip ratio; WHRadjBMI, waist-to-hip ratio adjusted for BMI.
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Central Obesity and Left Atrial
Enlargement
Several studies implicated central obesity in dysfunction and
remodelling of the left atrium (LA). Young, otherwise
healthy women with central obesity exhibited subclinical
cardiac dysfunction and larger LA dimensions compared
with a control group [82]. In a population-based prospective
cohort study of healthy men, an increase in WC correlated
with a rise in LA volume [75]. Another population-based
prospective cohort study revealed that an increase in WC
was linked to a higher likelihood of LA dilatation [75]. In
addition to conventional echocardiographic LA size meas-
urements, recent technological advances in novel
echocardiographic modalities have provided additional
insights into the functional characteristics of the LA. Speckle
tracking echocardiography has demonstrated that individu-
als with obesity exhibit significantly lower LA reservoir
strain and conduit strain than control subjects, indicating
reduced passive filling capacity [84]. These findings were
subsequently consistent in younger cohorts, where subjects
with obesity displayed lower LA reservoir strain than
controls [85]. Notably, these LA abnormalities persisted after
adjustment for age, sex, and comorbidities, suggesting
intrinsic LA dysfunction independent of confounding factors
in subjects with obesity [84]. However, no studies to date
have analysed the direct effects of central obesity measures
(WC, WHR, and VAT) on LA strain variables. Consequently,
whether LA strain abnormalities are more pronounced in
individuals with central obesity independent of BMI remains
unestablished. Nevertheless, one study indicates this possi-
bility by demonstrating that after weight loss, significant
improvement in LA reservoir function correlated with vis-
ceral fat reduction [86], suggesting that visceral fat may exert
direct effects on LA dysfunction.

Mechanisms of the Adverse Effects of
Central Obesity on the Heart
The specific mechanisms through which central obesity
adversely influences cardiac remodelling and dysfunction
remain incompletely understood, although evidence impli-
cates multifactorial interactions among hemodynamic,
neurohormonal, inflammatory, and metabolic pathways.
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Obesity broadly alters hemodynamic variables, including
blood volume, heart rate, blood pressure, and cardiac filling
pressures [87]. Obesity induces a state of relative volume
overload that increases cardiac filling pressures, thereby
contributing to structural and functional cardiac remodelling
[88]. Indirect hemodynamic effects of obesity mediated by
comorbidities, such as hypertension, obstructive sleep
apnoea, sympathetic activation, and renin-angiotensin-
aldosterone system dysregulation, further exacerbate
cardiac dysfunction [68]. However, the distinct
haemodynamic mechanisms of cardiac remodelling differ-
entiating central obesity from general obesity remain
underexplored and warrant further investigation. VAT
functions as a metabolically active compartment that secretes
diverse profibrotic and proinflammatory mediators with
direct effects on different organs, including the heart. Vis-
ceral fat deposits can synthesise and release diverse proin-
flammatory and profibrotic factors [89–92]. Increased
abdominal adiposity relative to total body weight correlates
with increased circulating levels of C-reactive protein,
interleukin-6, isoprostanes, osteopontin, and chemokine
ligand 2 [79,89–92]. Gene expression analyses of human
visceral fat biopsies demonstrate a proinflammatory tran-
scriptional signature distinct from subcutaneous adipose
tissue, suggesting tissue-specific metabolic dysregulation
[93,94]. Most of those factors have been shown to promote
cardiac dysfunction directly. For example, an experimental
study has shown that ageing-associated increases in osteo-
pontin expression within VAT increase plasma osteopontin
levels, which directly impair cardiac function [92,95]. In
individuals with obesity, WHR positively correlated with
serum several inflammatory cytokines and their receptors,
which correlated with echocardiographic cardiac remodel-
ling variables [48], highlighting the critical role of proin-
flammatory factor regulation in central obesity.
Moreover, visceral fat also exhibits increased lipolytic

activity, resulting in excessive free fatty acid (FFA) release
[96]. Notably, central obesity variables, such as WC, WHR,
and cardiac remodelling variables, correlate more strongly
with lipid levels than BMI [97], suggesting the crucial role of
abdominal fat on the levels of circulating lipids. In line with
these findings, visceral fat was shown to have higher
lipolysis rates than subcutaneous fat, potentially contributing
to increased FFA release and metabolic disturbances [98].
Increased FFAs contribute to myocardial steatosis, insulin
resistance, and metabolic dysfunction in cardiomyocytes
[99]. These observations collectively implicate VAT as a
critical mediator linking FFA excess, proinflammatory and
profibrotic signalling in central obesity-related cardiac dys-
function. Nevertheless, the precise pathways regulating
inflammatory, fibrotic, and metabolic crosstalk in central
obesity-associated cardiac remodelling remain undefined.
Natriuretic peptides (NPs), including atrial natriuretic

peptide and brain natriuretic peptide, exert physiological
effects through three receptor subtypes: NPR-A, NPR-B, and
NPR-C [100,101]. NPR-A and NPR-B activation stimulates
the cyclic guanosine monophosphate pathway, whereas
NPR-C facilitates NP clearance alongside neprilysin
[100,101]. The myocardium synthesises NPs in response to
pressure and volume overload [102], which play vital
protective roles in cardiac physiology and pathologies by
promoting vasodilation, natriuresis, and diuresis, as well as
exerting antifibrotic and antiremodelling effects [103].
Despite increased NP levels in cardiovascular diseases,
obesity paradoxically associates with reduced circulating NP
concentrations, inversely correlating with BMI [104–108].
Proposed mechanisms include impaired NP synthesis due to
insulin resistance and enhanced NP clearance via adipose
tissue NPR-C upregulation [107,108]. Visceral fat accumu-
lation correlates with increased NPR-C gene expression
[109], and adipose tissue represents the second-largest
NPR-C reservoir after the kidney [110]. For example, excess
visceral fat increases the expression of clearance receptors for
NPs on adipocytes, promoting their degradation and
resulting in reduced circulating NP levels [104,111]. These
findings suggest that VAT-mediated NP clearance may
contribute to obesity-related NP deficiency. However, the
mechanistic interplay between NPR-C overexpression, NP
deficiency, and cardiac remodelling in central obesity
remains unresolved.
Taken together, central obesity adversely affects cardiac

function through complex interactions including hemody-
namic alterations, inflammatory processes, and metabolic
dysregulation. VAT actively secretes proinflammatory and
profibrotic mediators that may directly impair cardiac func-
tion while also exhibiting increased lipolytic activity leading
to excessive FFA release. Additionally, central obesity is
associated with natriuretic peptide deficiency, potentially
due to enhanced clearance via upregulated NPR-C receptors
in VAT, although precise mechanisms linking these path-
ways remain incompletely understood.

The Effects of Weight Loss on Cardiac
Reverse Remodelling
Many studies have investigated the effects of therapeutic
weight loss strategies to mitigate adverse cardiac remodel-
ling observed in obesity [112]. Several comprehensive
meta-analyses indicate that bariatric surgery, recognised as
the most effective intervention for substantial weight
reduction in individuals with obesity, is associated with
significant improvements in diverse cardiac functional and
structural variables [113,114]. However, a systematic meta-
analysis demonstrated that although LV variables improve
post-surgery, right ventricular variables do not exhibit
analogous improvements [114], suggesting differential
ventricular responses to weight reduction. Interestingly, the
cardiac benefits of body weight reduction via bariatric
surgeries are evident within 3 months post-procedure [115]
and persist for longer than 1 year [114]. Collectively, the
consistent and substantial improvements in LV structural
and functional variables observed across diverse studies
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strongly support a causal relationship between significant
weight loss induced by bariatric surgery and the reversal of
obesity-related LV remodelling and dysfunction, with sus-
tained benefits over extended periods. Nevertheless, the
observed benefits may not be solely attributable to weight
reduction. Improvements in metabolic and hemodynamic
profiles also play crucial role in improvements of cardiac
structural and functional variables in response to the obesity
management [116]. Similarly, another study reported
significant cardiac reverse remodelling after bariatric surgery
independent of corresponding reductions in BMI [117]. These
findings indicate that weight reduction strategies, partic-
ularly, bariatric surgery, improve LV variables through
complex mechanisms potentially extending beyond simple
mass reduction.
Pharmacological agents represent an expanding ther-

apeutic classification for managing obesity and its associated
cardiovascular risks [118,119]. Glucagon-like peptide-1
(GLP-1) receptor agonists (GLP-1 RAs) have emerged as a
substantial therapeutic advance in managing obesity and
related metabolic conditions. Specific GLP-1 RAs, such as
semaglutide and liraglutide, have demonstrated marked
efficacy in promoting weight loss, achieving body weight
reductions of 15%–25% in patient cohorts with obesity over
approximately 1 year [120]. A meta-analysis revealed that
although GLP-1 RAs did not significantly reduce heart fail-
ure hospital admissions among patients with heart failure,
they did improve LV diastolic function [121]. It is suggested
that GLP-1 RAs exert their cardiac benefits via diverse
mechanisms, including weight reduction, amelioration of
metabolic alterations, and direct cardiac effects [122].
Furthermore, a recent meta-analysis showed that GLP-1 RAs
significantly reduce VAT in adult populations with or
without diabetes and non-alcoholic fatty liver disease [123].
However, studies specifically assessing the effects of GLP-1
RAs on central obesity variables, such as WC and WHR, in
conjunction with detailed assessments of cardiac structure
and function within populations characterised by central
obesity, remain lacking, necessitating further investigation.
A notable limitation in the existing literature is the

predominant reliance on BMI for obesity assessment. Con-
sequently, studies specifically designed to assess inter-
ventions targeting central obesity markers, including WC,
WHR, and VAT, are relatively scarce. Nonetheless, recent
evidence indicates that strategies effective in reducing central
obesity are associated with favourable cardiac outcomes. For
example, one study demonstrated that specific types of
bariatric procedures promoted substantial reductions in VAT
concurrent with more significant LV reverse remodelling
[124]. Moreover, numerous beneficial changes in LV struc-
ture and function appear to be maintained long-term after
successful weight loss, particularly, after bariatric surgery
associated with VAT reduction, which correlates with
favourable cardiac effects [125]. These studies highlight the
need for further research specifically assessing the effect of
central obesity reduction on cardiac reverse remodelling.
Discussion
Central obesity represents a critical health problem currently
under intense investigation due to its profound effects on
cardiovascular outcomes, mortality, and cardiac remodelling
and dysfunction (Table 1 and 2). This condition is defined by
excessive fat accumulation in the abdominal region and
presents distinct risks compared with general obesity
[50,59,60]. Central obesity substantially increases the risk of
cardiovascular disease (Table 1). Recent studies demonstrated
that individuals with central obesity exhibited higher rates of
hypertension, dyslipidaemia, and insulin resistance, all of
which are significant risk factors for cardiovascular diseases
[126,127]. Moreover, central obesity contributed to adverse
cardiac remodelling, characterised by cardiac hypertrophy
and dysfunction, ultimately leading to heart failure and other
severe cardiovascular complications [81,128].

Several studies emphasise that central obesity, measured
by WC or WHR, is an independent risk factor for
cardiovascular diseases and related events [50,59,60]. In
particular, central obesity has been connected to an increased
risk of coronary heart disease [129], stroke [130], and heart
failure [50,61]. Notably, central obesity is increasingly con-
sidered as a direct cause of HFpEF rather than merely a
comorbid condition [81]. The prevalence of central obesity
(77%) exceeds that of general obesity (62%) in patients with
HFpEF [131]. In addition, presence of central obesity
substantially increases prevalence of diabetes and dyslipi-
daemia in patients with HFpEF [131].

Several studies suggest that variables of central obesity
serve as better indicators of cardiovascular outcomes than
the general obesity marker BMI [60,65,75,77,81,132]. For
example, some studies indicate that central obesity may be a
stronger predictor of cardiovascular disease risk than overall
obesity as measured by BMI [60,65,75,81]. WHR is a better
discriminator of cardiovascular risk than BMI [77,132].
However, other studies suggest that BMI, WC, and WHR
have similar strengths of association with cardiovascular
diseases [133]. Moreover, some studies propose that the
relationship between central obesity and cardiovascular
disease is largely driven by the metabolic abnormalities that
often accompany central obesity, such as hypertension, dia-
betes, and dyslipidaemia [52]. Although central obesity
serves as a clinical indicator of potential metabolic problems,
these metabolic abnormalities may be more critical prog-
nostic indicators of cardiovascular disease risk than central
obesity alone [52]. Nonetheless, other research indicates that
central obesity independently increases cardiovascular
disease risk, even when accounting for these factors [50].

Central obesity, even in individuals with normal weight
and BMI, can have detrimental effects on cardiovascular
outcomes. Several studies have demonstrated the risks
associated with normal-weight central obesity, where indi-
viduals have a normal BMI but carry excess abdominal fat
[55,134]. Normal-weight central obesity has been linked to an
increased risk of heart failure and atrial fibrillation, even in
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Figure Central obesity and cardiac remodelling. Numerous studies have demonstrated that markers of central obesity, such
as WC, WHR, and VAT, exert more pronounced adverse effects on the heart than the general obesity marker, BMI. These
adverse effects contribute to the development of cardiac remodelling and dysfunction. The measures of obesity are defined
as follows: BMI is calculated as BW (in kilograms) divided by height (H) (in metres [A]); WC is measured as waist cir-
cumference (in centimetres [B]); WHR is measured by dividing WC (in centimetres [B]) by hip circumference (in centimetres
[C]); and VAT represents the visceral adipose tissue area (in square centimetres [cm2]), measured using imaging techniques
such as CT, MRI, or BIA. / Indicates strong adverse effects on the heart when the values increased, whereas — represents
neutral effects observed when the values remain low. Some components of the figure were adapted from the Servier Medical
Art, provided by Servier and are licensed under a Creative Commons Attribution 3.0 Unported License (https://
creativecommons.org/licenses/by/3.0/).
Abbreviations: WC, waist circumference; WHR, waist-to-hip ratio; VAT, visceral adipose tissue; BMI, body mass index; BW,
body weight; CT, computed tomography; MRI, magnetic resonance imaging; BIA, bioelectrical impedance analysis.
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those with a normal BMI [54]. Moreover, individuals with
normal-weight central obesity have a higher risk of all-cause
mortality than those with normal weight without central
obesity [53,55]. These findings suggest that excess abdominal
fat poses significant cardiovascular risks, regardless of
overall weight status.
The distribution of body fat, including visceral versus

subcutaneous fat and fat in the lower extremities, critically
influences metabolic health [135]. Lower body, upper body
subcutaneous, and visceral fat depots each exhibit unique
characteristics in fatty acid metabolism. Prominence of these
fat deposits significantly affects metabolic status and com-
plications associated with obesity [135]. For example, studies
indicate that adipose tissue in the legs and buttocks may
improve glucose metabolism, whereas central fat distribution
associates with altered metabolic status [98,136,137]. More-
over, increases in arm, calf, and thigh circumference correlate
with reduced all-cause and cardiovascular disease mortality
[63]. However, visceral fat accumulation remains a better
indicator of adverse cardiovascular outcomes [138,139].
Central obesity significantly affects cardiovascular

outcomes and mortality, partly due to its substantial effects
on the heart. For example, central obesity is strongly corre-
lated with increased risks of LV hypertrophy and adverse LV
remodelling (Table 2). Furthermore, it is linked to impair-
ments in LV systolic and diastolic functions. For instance,
higher WC and WHR are linked to lower LV-GLS, indicating
subclinical LV systolic dysfunction and altered LV diastolic

https://creativecommons.org/licenses/by/3.0/
https://creativecommons.org/licenses/by/3.0/
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function (Table 2). Central obesity is also linked to left atrial
dilatation (Table 2). In summary, central obesity is strongly
linked to adverse cardiac remodelling characterised by LV
hypertrophy and dysfunction. This relationship highlights
the importance of addressing central fat accumulation in
clinical settings to prevent cardiovascular complications
associated with obesity.
Heterogeneity in body composition, fat distribution, and

disease risk across ethnic populations necessitates ethnicity-
specific cut-off values for WC, WHR, and imaging-based
central obesity variables. The increased prevalence of central
obesity and associated metabolic complications at lower BMI
levels in Asian populations has necessitated the development of
population-specific recommendations [140]. The International
diabetes federation has established reduced WC thresholds for
SouthAsian (90 cm), Chinese (90 cm), and Japanese (85 cm)men
and for South Asian (70 cm), Chinese (74 cm), and Japanese (90
cm) women [141,142]. These variables are derived from the
studies indicating that individuals from these ethnic back-
grounds may exhibit increased cardiometabolic risk at WC
measurements below standard European thresholds [143].
Furthermore, research conducted in the United States demon-
strated that at equivalent levels of cardiometabolic risk, African
American women exhibited larger WC than White women,
suggesting variations in optimal threshold values [144]. How-
ever, the implications of these ethnic-specific differences in
central obesity characteristics on cardiac structure and function
across these populations remain unexplored andwarrant future
investigation.
Future Directions and Research
Gaps
Recent studies demonstrate the substantial influence of central
obesity on cardiovascular outcomes, mortality (Table 1), and
cardiac function and structure (Table 2). However, several
critical research gaps require attention in future studies. The
primary focus must be on understanding the mechanisms
linking central obesity to cardiac remodelling and dysfunction.
The literature identifies several circulating factors and adipo-
kines associated with visceral fat accumulation; however, the
underlying pathways and molecular interactions remain
unclear [145]. Longitudinal investigations must examine the
temporal correlation between changes in central obesity
measurements and cardiac remodelling progression, especially
in individuals with normal BMI but high visceral fat deposits
[80,146]. Moreover, researchers need to investigate the distinct
effects of visceral and subcutaneous fat on cardiac function,
considering the potential cardiovascular benefits of lower body
fat distribution [147]. Further studies must analyse the syner-
gistic effects between central obesity and other cardiovascular
risk factors, including diabetes mellitus and hypertension, to
assess their individual and combined influence on cardiac
outcomes. The advancement of precise and economical meth-
ods for VAT measurement represents another essential
research priority. AlthoughMRI and CT scans provide detailed
fat distribution analysis, their high costs and limited accessi-
bility necessitate the development of alternative non-invasive
techniques. Furthermore, there are significant variations in
reference values for WC and WHR across different ethnic
groups, highlighting the need for ethnicity-specific thresholds
in diagnosing central obesity [148,149]. Although many
developed countries have established cutoffs for WC and
WHR, data remain insufficient for certain ethnic groups in
developing countries. Addressing this gap requires further
research to define appropriate cutoffs, accounting for diverse
constitutional characteristics, such as body composition and fat
distribution patterns [150,151]. Additionally, clinical trials must
assess specific interventions targeting central obesity reduction,
particularly, in individuals with normal BMI but increased
central fat accumulation, to assess their effects on cardiac
remodelling, function, and cardiovascular outcomes.
Conclusions
Central obesity, defined by excessive visceral fat accumu-
lation, represents a major cardiovascular health risk, inde-
pendently of general obesity indicators, such as BMI. Strong
evidence demonstrates the direct link between central obe-
sity and adverse cardiac remodelling, specifically, LV
remodelling and dysfunction, leading to increased
cardiovascular events and mortality (Figure). A complex
network of metabolic, inflammatory, and hemodynamic
mechanisms mediates the detrimental effects of central obe-
sity on cardiac function, although these pathways need
additional research. Moreover, these findings emphasise the
clinical value of incorporating central obesity measurements,
particularly, WC and WHR, into routine clinical assessments
and research protocols to assess cardiovascular risk accu-
rately. Additionally, implementing specific interventions
targeting central obesity offers substantial potential to reduce
cardiovascular disease burden and improve clinical out-
comes in effected populations.
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