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Sex differences in the relationship between
whole-body and region-specific fat mass indices
and anxiety symptoms in South Korean adults

Seong-Uk Baek and Jin-Ha Yoon

Background

Although a relationship between body fat and mental health
problems has been established, sex-based differences in this
association remain insufficiently understood.

Aims
To investigate the association of whole-body and regional fat
mass indices with anxiety symptoms in men and women.

Method

A nationwide sample of 3856 men and 5010 women was
analysed. Fat mass of the whole body, trunk, arm and leg was
measured using a bioelectrical impedance analyser, and fat
mass indices (kg/m? were derived by dividing fat mass by height
squared. Symptoms of anxiety were determined using the
Generalized Anxiety Disorder-7. Logistic regressions were used
to investigate the association of each fat mass index with anxiety
symptoms. Sex-stratified analyses were conducted to assess
sex-related differences.

Results

The prevalence of anxiety symptoms was 3.3% among men
and 5.5% among women. Among female participants, a one-
standard deviation increase in whole-body, trunk, arm or leg fat

mass index was associated with 1.20-fold (95% Cl: 1.04-1.39),
1.21-fold (95% CI: 1.04-1.41), 1.19-fold (95% CI: 1.04-1.35) and
1.19-fold (95% Cl: 1.03-1.38) increases in odds of anxiety
symptoms, respectively. By contrast, no clear association was
observed between fat mass indices and anxiety symptoms in
men.

Conclusions

Our analysis demonstrated sex differences in the relationship
between body fat and anxiety, with high whole-body and
regional fat mass indices positively associated with anxiety
symptoms in women.
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Obesity is a major public health concern with a global prevalence
that has increased steadily over the past decade.! In South Korea,
obesity has been defined as a body mass index (BMI) > 25 kg/m?
according to the World Health Organization criteria for the
Western Pacific Region and the guidelines of the Korean Society for
the Study of Obesity.? South Korea has witnessed a steady increase
in obesity rates, which have reached approximately 38.4% in men
and 27.8% in women.> Although BMI has traditionally been used to
classify obesity, clinical practitioners and researchers now emphasise
the use of direct body fat mass measurements such as dual-energy
X-ray absorptiometry (DEXA) or bioelectrical impedance analysis
(BIA), because BMI may not adequately reflect actual adiposity.*

Studies have examined the relation between obesity and mental
health. A systematic review has revealed that obesity is linked to
both depression and suicidal behaviours.>® Although relatively few
studies have investigated the relation between obesity and anxiety
symptoms, some have shown that individuals with obesity have a
high risk of anxiety symptoms.”® The relation between obesity and
mental health problems is bidirectional: excess body fat can cause
deterioration of mental health, which may in turn lead to changes in
body fat through poor health behaviours.” Although the precise
mechanisms linking adiposity and mental health problems have not
been fully elucidated, it has been suggested that both biological and
psychosocial mechanisms contribute to systemic inflammation and
weight-related social stigma.!®-!2

Despite studies demonstrating a strong relationship between
obesity and mental health problems, several gaps remain in the
literature. First, most studies used BMI, with limited numbers of
studies directly measuring fat mass using methods such as DEXA or
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BIA. Although recent studies have found a positive association
between directly measured fat mass and depressive symptoms,'>!4
there has been little exploration of any specific link with anxiety
symptoms. Second, sex differences are an important aspect to
consider when examining the relationship between body fat mass
and mental health problems,'>!6 and studies have produced mixed
findings in this regard. For instance, some studies have reported
that fat mass measured using DEXA or BIA is positively associated
with depressive symptoms among women but not men,'®!” whereas
another study found that the associations of body fat percentage
with depression were more pronounced in men than in women.!*
Significant sex-based differences in the distribution and physiology
of body fat are well documented, and societal attitudes towards
body image also differ markedly by sex; both of these factors may
contribute to potential sex-specific relationships between body fat
and mental health problems.18 However, to the best of our
knowledge, sex differences in the association of body fat mass with
anxiety symptoms have not yet been investigated according to the
existing literature. Therefore, in this study, we aimed to explore sex-
based differences in the association of body fat mass indices with
anxiety symptoms among South Korean adults.

Method

Study participants

Samples from the 2022 and 2023 South Korea National Health and
Nutrition Examination Survey (KNHANES) were included in this
study. The KNHANES is an annual cross-sectional survey intended
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to collect information on the health status of people living in South
Korea. Participants were invited using a multistage clustered
probability sampling procedure to achieve a nationally represen-
tative sample. For the selected participants, a face-to-face survey
was administered during a household visit by researchers from the
Korea Disease Control and Prevention Agency (KDCA) in mobile
examination vehicles. Detailed information on the sampling pro-
cedure, survey methodology and quality control can be found in the
data profile article. The raw data were anonymised by researchers at
the KDCA and are accessible at https://knhanes.kdca.go.kr. The
2022 and 2023 KNHANES were implemented following approval
from the Institutional Review Board of the KDCA (2018-01-03-4C-
A, 2022-11-16-R-A).

A diagram depicting the sample selection procedure is shown in
Supplementary Fig. 1 available at https://doi.org/10.1192/bjo.2026.
12063. Initially, 11 229 adults aged >18 years from the 2022 and
2023 survey years of the KNHANES were included. Individuals
who did not undergo BIA, such as pregnant women, those with
pacemakers or those with prosthetic limbs, were excluded from the
study (n = 816). After exclusion of participants with missing values
(n=1547), 8866 individuals (3856 men and 5010 women) were
included in our sample.

Body fat mass indices

BIA was performed using a bioelectrical impedance analyser
(InBody 970, Biospace, South Korea) in accordance with a stand-
ardised protocol. The participants were fasted, and they stood
upright with their arms extended and gripped the electrodes with
both hands. For quality control, examiners received training twice a
year, and onsite quality assessments and equipment maintenance
were also conducted twice a year to ensure proper BIA perfor-
mance. In the South Korean population, the bioelectrical imped-
ance analyser (InBody 970, Biospace, South Korea) has shown
criterion validity for measurement of both whole-body and regional
fat mass, with a strong correlation (R? = 0.929) for percentage body
fat compared with measurements obtained using DEXA.!® The
body fat indices used in this study included whole-body, trunk, arm
(bilateral) and leg (bilateral) fat. Fat mass indices were calculated
by dividing each fat mass by height squared (kg/m?). In addition,
body fat percentage was derived by dividing the whole-body fat
mass by total body weight.

Anxiety

The Generalized Anxiety Disorder-7 (GAD-7), a screening ques-
tionnaire to assess anxiety symptoms that has been validated in the
South Korean population,?*?! was used in this study. The GAD-7
includes seven items, with each item scored on a scale of zero to
three. The range of the total GAD-7 score is 0-21, and individuals
with a score >10 were classified as having anxiety symptoms.?’
Cronbach’s alpha was 0.89 in this study, indicating good reliability.

confounders

The following sociodemographic characteristics were included: age
(continuous scale), educational level (middle school or below, high
school, or college or above), income (lowest, low, high or highest),
employment status (worker or unemployed), marital status (mar-
ried, unmarried or other), physical activity (no or yes), smoking
status (no or yes), alcohol use (no or yes) and survey year (2022 or
2023). Income levels were categorised into four groups using
quartile values of the distribution of individuals’ monthly net
income among the sample. Physical activity was assessed using the
Global Physical Activity Questionnaire and classified as ‘yes’ if
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individuals participated in >150 min per week of moderate-to-
vigorous exercise. Alcohol use was categorised as ‘yes’ if individuals
consumed alcohol at least once a month.

Statistical analysis

Sample characteristics were examined on the basis of the presence
of anxiety symptoms. In addition, the distributions of body fat mass
indices and body fat percentages among those with and without
anxiety symptoms were examined using a density plot. For the
main analyses, we investigated the associations between body fat
mass indices and body fat percentage and anxiety symptoms using
logistic regressions; the change in odds of experiencing anxiety
symptoms per standard deviation increase was estimated for each
index, and both unadjusted and adjusted models were fitted. To
explore sex-based differences, we included interaction terms
between sex and each index (sex x index) in the regression models,
and the corresponding P-values were calculated. In addition,
models were stratified by sex to examine whether the associations
manifested differently according to participants’ sex. In addition to
odds ratios, average marginal effects that corresponded to the mean
probability differences were determined using R package ‘mar-
gins’.??> Finally, to examine the nonlinear relation between each
index and anxiety symptoms, we used the restricted cubic spline
function?® and visualised the results using the ‘ggplot2’ R package.
Statistical analyses were performed using R software for Windows
(version 4.4.1; R Foundation for Statistical Computing, Vienna,
Austria; https://www.r-project.org). The ‘survey’ R package was
used to reflect the complex survey design.”* Model fit statistics
(Akaike information criterion, Bayesian information criterion and
pseudo-R?) were used to compare models across fat mass indices.
We also calculated P-values adjusted by false discovery rate to
address multiple testing across five adiposity indices. Previous
studies of South Korean adults have recommended a cut-off of
GAD-7 score > 6 for classification of anxiety;>*° therefore, this
alternative cut-off was used in the sensitivity analysis. In models
mutually adjusting for body fat mass indices with either BMI or
waist circumference, substantial multicollinearity was observed
(variance inflation factor > 5); therefore, the results of these models
are not presented.

Ethics statement

The 2022 and 2023 KNHANES were implemented following
approval from the Institutional Review Board of the Institutional
Review Board of the KDCA (2018-01-03-4C-A, 2022-11-16-R-A).
All participants provided written informed consent. We assert that
procedures contributing to this work comply with the ethical
standards of the relevant national and institutional committees on
human experimentation, and with the Helsinki Declaration of 1975
as revised in 2013.

Results

The prevalence of anxiety symptoms was 3.3% among men and
5.5% among women (Table 1). Those with anxiety symptoms were
more likely to be younger, to have a lower income level, to be
unemployed and to be current smokers than those without anxiety
symptoms in both groups.

Figure 1 presents density plots comparing the distributions of
fat mass indices and body fat percentages between individuals with
and without anxiety symptoms. Although the distributions of fat
mass indices and body fat percentage largely overlapped among
men, the distribution of body fat indices tended to shift slightly to
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Table 1 Distribution of characteristics among participants

Sex differences in the relationship of fat mass indices with anxiety

Men Women
(n = 3856) (n =5010)
Anxiety symptoms Anxiety symptoms
Yes No Yes No
Characteristic 126 (3.3%) 3730 (96.7%) 276 (5.5%) 4734 (94.5%)
Age, years, mean (s.d.) 48.7 (17.6) 52.9 (17.1) 48.3 (18.1) 52.8 (16.2)
Education level, n (%)
Middle school or below 19 (15.1) 775 (20.8) 77 (27.9) 1298 (27.4)
High school 46 (36.5) 1288 (34.5) 96 (34.8) 1585 (33.5)
College or above 61 (48.4) 1667 (44.7) 103 (37.3) 1851 (39.1)
Income level, n (%)
Lowest 35(27.8) 893 (23.9) 91 (33.0) 1124 (23.7)
Low 35 (27.8) 926 (24.8) 58 (21.0) 1184 (25.0)
High 29 (23.0) 959 (25.7) 66 (23.9) 1217 (25.7)
Highest 27 (21.4) 952 (25.5) 61(22.1) 1209 (25.5)
Employment status, n (%)
Worker 85 (67.5) 2663 (71.4) 147 (53.3) 2662 (56.2)
Unemployed 41 (32.5) 1067 (28.6) 129 (46.7) 2072 (43.8)
Marital status, n (%)
Married 74 (58.7) 2586 (69.3) 134 (48.6) 3098 (65.4)
Unmarried or other 52 (41.3) 1144 (30.7) 142 (51.4) 1636 (34.6)
Physical activity, n (%)
No 62 (49.2) 1889 (50.6) 150 (54.3) 2602 (55.0)
Yes 64 (50.8) 1841 (49.4) 126 (45.7) 2132 (45.0)
Current smoking status, n (%)
No 80 (63.5) 2639 (70.8) 244 (88.4) 4530 (95.7)
Yes 46 (36.5) 1091 (29.2) 32 (11.6) 204 (4.3)
Alcohol use, n (%)
No 47 (37.3) 1255 (33.6) 148 (53.6) 2827 (59.7)
Yes 79 (62.7) 2475 (66.4) 128 (46.4) 1907 (40.3)
Whole-body fat mass index, kg/m?, mean (s.d.) 6.2 (2.4) 6.3 (2.2 8.5 (3.3 8.0 (2.6)
Trunk fat mass index, kg/m?, mean (s.d.) 32013 33(1.3 43(1.7) 4.0 (1.4)
Arm fat mass index, kg/m?, mean (s.d.) 0.8 (0.5 0.8 (0.4) 1.3(0.7) 12 (0.5
Leg fat mass index, kg/m?, mean (s.d.) 1.8 (0.6) 1.8 (0.5) 25(0.8) 2.4(0.7)
Body fat percentage (%), mean (s.d.) 24.6 (6.2) 24.8 (5.8) 34.3 (6.7) 33.1 (6.1)
Anxiety symptoms No Yes Anxiety symptoms No Yes Anxiety symptoms No Yes
Male | Female Male Female Male Female
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Fig. 1 Distribution of adiposity indices among individuals with and with

out anxiety symptoms.

the right among women with anxiety symptoms compared with
women without such symptoms.

Table 2 shows associations among fat mass indices, body fat
percentage and anxiety symptoms in men and women. No clear
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associations of body fat mass indices or body fat percentage with
anxiety symptoms were identified in either the unadjusted or
fully adjusted models among men. Among women, in the adjusted
model, the odds ratios (95% ClIs) for the association of a
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one-standard-deviation increase in each body fat index with anxiety
symptoms were 1.20 (1.04-1.39) for whole-body fat mass index
(P =0.014), 1.21 (1.04-1.41) for trunk fat mass index (P = 0.015),
1.19 (1.04-1.35) for arm fat mass index (P = 0.009), 1.19
(1.03-1.38) for leg fat mass index (P = 0.021) and 1.28 (1.04-1.57)
for body fat percentage (P = 0.019). When model fit statistics were
compared across various body fat mass indices among female
participants (Supplementary Table 1), the model including the arm
fat mass index exhibited the lowest Akaike information criterion
(2104.445) and Bayesian information criterion (2186.674) values
and the highest pseudo-R? (0.06).

Supplementary Table 2 shows the P-values for the sex-based
interactions between each body fat index and anxiety symptoms;
these were 0.025, 0.020, 0.029, 0.057 and 0.065 for whole-body fat
mass index, trunk fat mass index, arm fat mass index, leg fat mass
index and body fat percentage, respectively. Supplementary Table 3
shows the results of sensitivity analyses based on the imputed data-
sets, in which the associations of body fat index with anxiety
symptoms were consistent with those identified in the primary
analyses. The results using the alternative GAD-7 cut-off produced
similar findings that were comparable with those of the main
analyses and supported positive associations between fat mass
indices and anxiety among women (Supplementary Table 4).

Figure 2 illustrates the nonlinear relationships of body fat mass
indices and body fat percentage with the predicted probability of
anxiety symptoms. Among men, no clear positive associations were
observed, and a slight decreasing trend was noted across the body
fat mass indices. By contrast, among women, increasing fat mass
indices and body fat percentages were associated with an increasing
trend in the probability of anxiety symptoms.

Discussion

This study explored sex differences in the associations of body fat
mass indices and body fat percentage with anxiety symptoms in
South Korean adults. The findings indicate that both whole-body
and regional body fat mass indices are positively associated with
anxiety symptoms in women. By contrast, no clear associations
were observed in men.

The results of this study corroborate previous findings showing
that body fat mass indices are positively associated with poor
mental health.'*'* Building upon previous research that has
identified a positive association between obesity and anxiety,”® our
study contributes to the literature by demonstrating a potential link
between fat mass, measured via BIA, and anxiety, especially in
women. Inconsistent findings regarding sex-based differences in
the association between body fat and mental health problems have
been reported. For instance, a study of UK adults showed that body
fat percentage was positively correlated with risk of depression
during follow-up among women, but there was no clear association
among men.'® In addition, whole-body and regional body fat mass
measured using DEXA have been found to be positively associated
with depression, especially among women.!” By contrast, another
study reported that the link between body fat mass and depressive
symptoms was more pronounced in men than in women.!* Unlike
previous studies that were predominantly conducted in Western
populations, the present study was based on an Asian population.
Considering sociocultural context and ethnic variability with
respect to body image and body fat characteristics, our study
thereby represents a valuable contribution to the literature.

The previous literature demonstrates that multiple mechanisms
may link body fat mass and anxiety symptoms. First, systemic
inflammation may serve as an important mediator in this relation.
Adipose tissue hypertrophy stimulates release of inflaimmatory
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Fig. 2 Nonlinear associations between body fat mass indices and anxiety symptoms in men and women based on restricted cubic spline

model.

cytokines such as IL-6 and TNF-a, thereby inducing systemic
inflammation.”” Subsequently, neuroinflammation can lead to
alterations in anxiety-related brain circuitry, which may contribute
to the pathophysiology of anxiety.?® Second, alterations in gut
microbiota induced by excess body fat can contribute to mental
health problems.”® Although the mechanism is not yet fully
understood, changes in the gut microbiome may influence the
neuroendocrine system or hypothalamic-pituitary—-adrenal axis,
contributing to the development of depression or anxiety.?’ Third,
in addition to physiological pathways, the psychosocial implica-
tions of body fat should be considered. For instance, individuals
with excess body fat are more likely to be stigmatised as lazy or
lacking self-discipline, making them vulnerable to social isolation
and discrimination.!? Such chronic stress may contribute to the
onset of anxiety symptoms.

The observation of significant sex-based differences in the
association between body fat mass indices and anxiety symptoms is
notable. The exact mechanisms underlying these sex differences are
not fully understood. First, studies have indicated that adiposity
induces a more pronounced activation of inflammatory pathways
in women than in men. For instance, the elevation of high-
sensitivity C-reactive protein among individuals with obesity is
more pronounced in women than in men.>*! Previous studies have
also reported a notable sex-specific relationship between body
fat distribution and inflammation.>*** Although women exhibit
greater subcutaneous fat accumulation, whereas men tend to
accumulate more visceral fat, subcutaneous adipose tissue volume
in women was linked to inflammatory responses, including elevated
levels of leptin and increased expression of CD68, TNF-a and
IL-1a.>* Consequently, heightened systemic inflammation among
women with excess body fat accumulation may contribute to poor
mental health outcomes through neuroinflammatory pathways.”
Second, there are substantial sex differences in sociocultural factors
related to body image and their influence on psychological out-
comes. Social media significantly influences individuals’ body
image, often leading to preoccupation with appearance and body
shape dissatisfaction among women.** Specifically, in women, the
idealisation of thinness may lead to a stronger association between
higher body fat and anxiety or depression than in men.*> Recent
sociocultural expectations emphasising a curvier body image for
women may also contribute to body dissatisfaction.”® By contrast,
the link between body fat mass and body dissatisfaction may be less
pronounced in men.**¥’
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This study had some limitations. First, the causal effects of body
fat mass on anxiety could not be established because of the cross-
sectional design of the study. The possibility of reverse causation, in
which anxiety symptoms lead to increased body fat, should also be
considered. The relationship between body fat and mental health
problems is bidirectional.!'*® For example, individuals experienc-
ing anxiety are more likely to engage in maladaptive behaviours,
including emotional eating or alcohol consumption, which can
contribute to an increase in body fat.* Therefore, future longitu-
dinal studies should examine the directionality of this association.
Second, several unmeasured factors, including genetic predis-
positions, history of psychiatric diagnosis and medication use, may
influence the relationship between body fat mass and anxiety.
However, these factors could not be adjusted for in the present
analysis because of a lack of information. Thus, residual con-
founding may have resulted in overestimation in the relationship
between body fat mass indices and anxiety in this study. Third,
although the GAD-7 was originally developed as a screening tool, it
is a validated measure of anxiety symptoms. Future studies may
benefit from incorporating more objective assessments such as
physician-confirmed diagnoses.

Despite these limitations, our study had several strengths.
First, a complex survey design was used to achieve a representative
sample of study participants, which enhanced the generalisability
of the findings. Second, body fat mass was directly measured
using BIA, in contrast to studies that have relied on proxy indi-
cators of adiposity such as BMI. This methodological approach
means the present study contributes meaningfully to the existing
literature.
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