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Purpose: Middle-aged women often experience weight gain, particularly as visceral fat, due to hormonal changes
associated with menopause. Visceral fat, which accumulates in the abdomen, poses significant risks to car-
diometabolic health. This cross-sectional study aimed to compare the cardiometabolic risks associated with
Visceral Fat Obesity (VFO) and Subcutaneous Fat Obesity (SFO) in middle-aged Korean women and to identify
factors that influence VFO. Methods: Women aged 40 to 64 with overweight or obesity were recruited from March
to April 2019. The study involved anthropometric measurements, fasting blood tests, and low-volume abdominal
computed tomography. Additionally, participants provided self-reported sociodemographic, health-related, and
lifestyle information, including Physical Activity (PA) and dietary intake. Results: Of all participants, 70.8% were
post-menopausal, and 55.1% had VFO. Those with VFO exhibited significantly higher mean values for waist
circumference, total cholesterol, low-density lipoprotein cholesterol, triglycerides, fasting glucose, high sensitivity
C-reactive protein, and the Framingham risk score compared to those with SFO. The factors influencing VFO were
age (odds ratio (OR)=1.14; 95% confidence interval (Cl), 1.032~1.247), body mass index (OR=1.47; 95% Cl, 1.151
~1.875), days of vigorous PA per week (OR=0.42; 95% Cl, 0.244~0.735), and intake of animal calcium (OR=0.99;
95% CI, 0.988~0.997). Conclusion: The findings indicate that middle-aged women with VFO face increased
cardiometabolic risks. Since menopause is inevitable in women, targeting modifiable behaviors to reduce weight,
particularly visceral fat, is crucial for lowering cardiometabolic risk.
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linear relationship between age and obesity has been ob-
served among Korean women, with 25.8% in their 40s,

INTRODUCTION

Obesity, which involves an excess of adipose tissue, is
recognized as one of the most prevalent and preventable
health issues [1]. While the rates of obesity and overweight
among Korean adults are lower than in many developed
countries, the westernization and urbanization of life-
styles in Asia have contributed to a rise in obesity-related
diseases [2]. The Korean Ministry of Health and Welfare
reported that in 2019, 33.8% of Korean adults were obese,
with men at 41.8% and women at 25.0%. Furthermore, the
prevalence of obesity in women increased with age [3]. A

29.6% in their 50s, and 34.9% in their 60s, based on the
Korean obesity guidelines which define obesity as a Body
Mass Index (BMI) of 25 kg/ m? or higher [3,4].

Obesity is widely recognized as a significant risk factor
for Cardiovascular Disease (CVD) and metabolic disorders.
However, not all forms of obesity are equally concerning.
The specific type of obesity that poses a risk is determined
by the distribution of body fat [5]. Central obesity, charac-
terized by an excessive accumulation of visceral and sub-
cutaneous fat in the abdomen, can lead to complications
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such as hypertension, abnormal serum lipid levels, heart
disease, stroke, and elevated insulin levels [1]. Visceral fat
is also linked to insulin resistance, hyperinsulinemia, Type
2 Diabetes Mellitus (T2DM), dyslipidemia, increased in-
flammatory levels, and blood clot formation. Moreover, it
serves as an independent marker for increased risk of
cardiovascular and metabolic morbidity and mortality [6].

Cardiometabolic risk involves assessing the combined
risk factors associated with CVD and metabolic disorders
[7]. Metabolic Syndrome (MS) is characterized by a cluster
of conditions including abdominal obesity, elevated Blood
Pressure (BP), reduced High-Density Lipoprotein-Choles-
terol (HDL-C), and increased levels of triglycerides and
blood glucose. Individuals with MS are five times more
likely to develop T2DM and three times more likely to de-
velop CVD than those without MS [8]. The identification
of CVD in conjunction with MS has led to the concept of
cardiometabolic syndrome [7]. Notably, in 2022, CVD was
the second leading cause of death among Koreans, with
the mortality rate for women being higher than for men, at
140.6 and 128.7 per 100,000, respectively [9].

Visceral adipose tissue is known to increase until the
ages of 65~70, after which it decreases in both men and
women [10]. In women, the onset of menopause typically
leads to a gradual increase in body fat during their 40s,
while decreases in estrogen and progesterone levels can
accelerate the accumulation of visceral fat [11]. Although
the distribution of body fat is influenced by various factors,
previous studies primarily examined the effects of age [12]
and Physical Activity (PA) [13] on the Visceral Fat Area
(VFA). The objectives of this study were to 1) investigate
the cardiometabolic risks associated with different types
of obesity by comparing Visceral Fat Obesity (VFO) and
Subcutaneous Fat Obesity (SFO) in terms of VFA, and 2)
identify specific factors influencing VFO in middle-aged
Korean women who are overweight or obese.

METHODS

1. Study Design and Sample

This study employed a cross-sectional design. The
sample size was calculated for logistic regression using the
G*Power 3.1.9.4 program. A minimum of 89 participants
was required, with a significance level set at .05, an odds
ratio of 1.933 [14], a power (1-B) of .80, and an incidence
rate of 50.0% for VFO. Convenience sampling was utilized
to recruit participants. Korean women aged 40 to 64 years
were recruited from two community centers and one
sports center in Seoul, where their height and weight were

Cardiometabolic Risk of Visceral Obesity

measured. Women with a BMI of 23 kg/m” or higher were
classified as overweight or obese [4] and were recruited
between March and April 2019. The exclusion criteria
included women who were pregnant or had severe ill-
nesses that disrupted daily functioning.

2. Data Collection and Measures

This investigation adhered to the principles set forth in
the Declaration of Helsinki. Data collection commenced
following approval from the Korea University Institu-
tional Review Board (KUIRB-2019-0030-02). Written infor-
med consent was obtained from each participant.

1) Sociodemographic, Health-related, and Lifestyle Data

Self-reported questionnaires were used to collect socio-
demographic data, health-related information, and lifestyle
characteristics. The sociodemographic data included age,
marital status, highest level of education completed, occu-
pation, monthly household income, and religion. Health-
related information encompassed age at menopause, co-
morbidities, medications, and family history of CVD. Life-
style characteristics covered PA and eating habits. Parti-
cipants completed a short version of the International Phy-
sical Activity Questionnaire (IPAQ) [15] in Korean, which
was analyzed according to the guidelines of the IPAQ
Research Committee [16]. For participants who exercised
regularly, additional questions were asked about the types
of exercise, weekly frequency, and duration.

For assessing eating habits, researchers utilized a three-
day food diary along with 24-hour recall and intake fre-
quency questionnaires. Sodium intake habits were evalu-
ated using questionnaires previously employed in the "My
Heart My Mind" study [17], adhering to the nutritional
guidelines set by the National Hypertension Center in
Korea. The questionnaire identified foods high in sodium
based on weekly intake frequency. In this study, Cron-
bach's a for this scale was .60. Fat intake was measured
using a Korean version of the Food Habits Questionnaire
[18]. A score of 2.5 or higher, derived from dividing the
total score by the number of questions, was interpreted as
high fat intake, accounting for 29.0% or more of total
caloric intake from fat. Cronbach's @ for this tool was .73
in a previous study [19] and .65 in the current study. Per-
mission to use these measurements was obtained from the
original developer and translator via email.

The survey inquired about the regularity of meal times,
frequency of eating out, late-night meals, and supper times.
Additionally, participants were asked to keep a 3-day food
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diary based on a 24-hour recall method. The intake of nu-
trients, including calories, carbohydrates, fats (animal/
plant), proteins (animal/plant), dietary fiber, calcium (ani-
mal/plant), sodium, potassium, iron, and cholesterol, was
assessed using the CAN-pro 4.0, a computer-aided nutri-
tional analysis program developed by the Korean Nutri-
tion Society.

2) Obesity Indicators

Obesity-related characteristics were assessed by mea-
suring BMI, which involved recording height and body
weight (DS-102, Dongshan Genix). Additionally, body fat
percentage and muscle mass were evaluated using bio-
electric impedance analysis (IOI 353, Jawon Medical). Ab-
dominal body fat measurements, such as VFA, Subcuta-
neous Fat Area (SFA), and the VFA/SFA ratio, were ob-
tained through low-volume abdominal computed tomo-
graphy (LVACT). VFO was defined as having a VFA of
100 cm? or greater on LVACT [20].

3) Cardiometabolic risk

Cardiometabolic risk was assessed using five compo-
nents of MS: Waist Circumference (WC), BP, triglycerides,
HDL-C, and Fasting Blood Glucose (FBG) [21]. Additional
factors included Total Cholesterol (TC), Low-Density
Lipoprotein Cholesterol (LDL-C), High-Sensitivity C-Reac-
tive Protein (hs-CRP), and a 10-year CVD risk estimate
calculated by the Framingham Risk Score (FRS). Waist cir-
cumference was measured with a flexible tape. BP read-
ings were obtained using an automatic machine (EASY X
800R/L, Jawon Medical). A minimum fasting period of 10
hours was required before blood tests at Korea University
Hospital. The CVD risk associated with hs-CRP was stratified
into three categories: <1.0 mg/L for low risk, 1.0~3.0 mg/L
for moderate risk, and >3.0 mg/L for high risk [22]. The
10-year CVD risk estimate was used to predict the likeli-
hood of coronary artery diseases over the next decade.
Factors such as age, smoking status, FBG, systolic BP, TC,
and HDL-C were used to calculate these risk scores. The
Framingham risk score was divided into three risk cate-
gories: low (<10.0%), moderate (10.0~20.0%), and high
(>20.0%) [23].

3. Data Analysis

Statistical analyses were conducted using SPSS v.24
(IBM Corp., Armonk, USA). For variables with normal
and non-normal distributions, the independent t-test or
Mann-Whitney U-test was utilized for between-group
comparisons. Categorical variables were analyzed using
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the X test or Fisher exact test. Multiple logistic regression
models were employed to explore the factors influencing
the incidence of VFO. A significance level of 5% (p <.05)
and 95% confidence intervals (Cls) were applied.

RESULTS

1. Comparison of Sociodemographic and Health-related
Information by Obesity Type

The mean age of all participants (n=89) was 51.99+6.83
years, with 63 women (70.8%) being post-menopausal.
Over half (55.1%) were identified as having VFO, defined
by a VFA of 100 cm” or more, as measured by LVACT. The
sociodemographic and health-related information of par-
ticipants, categorized by obesity type, is detailed in Table 1.
The average age of participants with VFO was 52.76+6.99,
compared to 51.05+6.60 for those with SFO; however, this
difference was not statistically significant. On average,
each woman had 1.25+1.33 comorbidities, with 66.3% re-
porting one or more diseases beyond obesity. Dyslipide-
mia (21.3%) and hypertension (16.9%) were the most pre-
valent comorbidities. Notably, the incidence of dyslipide-
mia was more than double in women with VFO compared
to those with SFO (x*=3.39, p=.066). Of the 19 women
diagnosed with dyslipidemia, only nine (47.3%) adhered
to their prescribed medication regimen. Among the 15
women with hypertension, 12 (80.0%) were taking anti-
hypertensive medications. In the VFO group, four women
reported having T2DM, whereas none in the SFO group
did. Differences in sociodemographic and health-related
information between the groups were not statistically sig-
nificant.

2. Comparison of Lifestyle Characteristics and Obesity
Indicators by Obesity Type

When their PA was analyzed by obesity type (Table 2),
a significant difference in the regularity of PA between
groups was observed (xX’=4.47, p=.035). Only 10.2% (n=5)
of the VFO group engaged in regular exercise, compared
to 27.5% (n=11) in the SFO group. The average number of
days per week spent on vigorous PA was significantly
higher in the SFO group compared to the VFO group (t=
2.34, p=.023).

Concerning diet, 78.7% (n=70) of the participants ate
regularly, and their intake of protein, fat, and carbohy-
drates was deemed adequate according to their 3-day
dietary recall (Table 2). The majority of women in both
groups consumed high levels of fat; 71.4% (n=35) in the



Table 1. Sociodemographic and Health-related Characteristics of Participants

Cardiometabolic Risk of Visceral Obesity

Total (n=89)

SFO (n=40)

VFO (n=49)

Variables Categories Zort p
n (%)orM=SD n (%)orM=SD n (%) or M£SD
Age (year) 40~49 37 (41.6) 17 (42.5) 20 (40.8) 3.48 176
50~59 36 (40.4) 19 (47.5) 17 (34.7)
60~64 16 (18.0) 4 (10.0) 12 (24.5)
51.99+6.83 51.05+6.60 52.7616.99 -1.17 243
Marital status Married 78 (87.6) 35 (87.5) 43 (87.7) 0.25 973
Single 7(7.9) 3(7.5) 4(8.2)
Widowed/divorced 4 (4.5) 2 (5.0 2(41)
Highest education < Junior high school 7(7.9) 4 (10.0) 3(6.1) 0.75 .902
completed < High school 34 (38.2) 14 (35.0) 20 (40.8)
< Community college 31 (34.8) 14 (35.0) 17 (34.7)
> Graduate school 17 (19.1) 8 (20.0) 9(18.4)
Occupation Housewife 34 (38.2) 12 (30.0) 22 (44.9) 3.05 .566
Employed 40 (44.9) 21 (52.5) 19 (38.7)
Self-employed 10 (11.3) 4 (10.0) 6 (12.2)
Others 5 (5.6) 3(2.2) 2(4.1)
Monthly household <2 22(24.7) 9(23.1) 13 (27.1) 0.34 .953
income (million won)  2~4 25(28.1) 12 (30.8) 13 (27.1)
4~6 21 (23.6) 10 (25.0) 11 (22.4)
>6 21 (23.6) 9(23.1) 12 (25.0)
Religion Protestant 35 (39.3) 12 (30.0) 23 (46.9) 6.14 189
Catholic 17 (19.1) 9 (22.5) 8 (16.3)
Buddhist 18 (20.2) 10 (25.0) 8 (16.3)
None 16 (18.0) 9(22.5) 7 (14.3)
Others 3(3.4) 0 (0.0) 3(6.1)
Menopause Post 63 (70.8) 26 (41.3) 37 (58.7) 1.18 278
Pre 26 (29.2) 14 (35.0) 12 (24.5)
Family history of CVD None 60 (67.4) 29 (72.5) 31 (63.3) 0.86 355
Yes 29 (32.6) 11 (27.5) 18 (36.7)
Comorbidities None 30 (33.7) 15 (37.5) 15 (30.6) 0.47 494
Yes 59 (66.3) 25 (62.5) 34 (69.4)
Number of comorbidities 1.25+1.33 1.10+1.24 1.37+1.40 -0.95 347
Dyslipidemia 19 (21.3) 5(12.5) 14 (28.6) 3.39 .066
Hypertension 15 (16.9) 7 (17.5) 8 (16.3) 0.02 .883
Diabetes mellitus ' 4 (4.5) 0(0.0) 4(8.2) 3.42 124
Prescribed medication None 63 (70.8) 30 (75.0) 33 (67.3) 0.62 430
Yes 26 (29.2) 10 (25.0) 16 (32.7)
Number of medications 0.4410.80 0.3510.66 0.514+0.90 -0.94 348
Lipid-lowering agentST 9(10.1) 3(7.5) 6 (12.2) 0.55 .506
Anti-hypertensives " 12 (13.5) 7 (17.5) 5(10.2) 1.00 316
Metformin etc. ' 4 (4.5) 0(0.0) 4(8.2) 3.42 124

CVD=cardiovascular disease; M=mean; SD=standard deviation; SFO=subcutaneous fat obesity; VFO=visceral fat Obesity. T Fisher's exact test.

VFO group and 65.0% (n=26) in the SFO group. The aver-
age frequency score for fat intake was high in both groups.
Fat intake in the VFO group (2.74+0.41) was slightly higher
than in the SFO group (2.67+0.47), though the difference
was not statistically significant. According to the analysis
of daily nutrient intake from the 3-day food diary, the

mean intake of plant fat in the VFO group was signifi-
cantly lower than that in the SFO group (t=2.04, p=.045).
Similarly, the intake of animal calcium in the VFO group
was significantly lower than in the SFO group (t=3.06,
p=.003). Although the differences were not significant, a
higher proportion of participants in the VFO group re-
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Table 2. Comparison of Lifestyle Characteristics Based on Obesity Type

Total (n=89)

SFO (n=40)

VFO (n=49)

Variabl Categori Zort
anables ategories n(%)orMtSD  n(%)orMiSD  n(%)orMEsD » - P
Physical activity
Regularity No 73 (82.0) 29 (72.5) 44 (89.8) 447 035
(>3 times/week, Yes 16 (18.0) 11 (27.5) 5(10.2)
>15 min/ day)
Frequency Day/week 244+1.92 2.66+2.03 2.26+1.82 1.00 321
Duration Min/day 45.06+39.48 48.75+45.06 42.04134.46 0.80 428
Amount MET-min/week 2,792.72+4,563.11  3,065.16%5,836.02  2,570.33+3,223.07 051  .614
IPAQ Vigorous-d/w 0.67+1.38 1.06£1.77 0.35+0.86 234 023
Vigorous-m/d 29.94+85.64 42.63194.51 19.60+£77.11 127 209
Moderate-d/w 1.58+1.89 1.5941.89 1.57+1.90 0.04 968
Moderate-m/d 45.62+79.77 40.50+81.37 49.80+79.04 -0.55 587
Walking-d/w 4451216 451+2.26 4.40+2.10 025  .805
Walking-m/d 75.731£76.82 68.88167.09 81.331+84.22 -0.76 450
Sitting/lying-m/d 377.81£186.60 391.88+205.51 366.33+170.95 064 524
Eating habits
Intake frequency Sodium score 2.21£0.26 2.19+£0.25 2.22+0.27 -0.67 505
Low<2.25 52 (58.4) 25 (62.5) 27 (55.1) 050 481
High>2.25 37 (41.6) 15 (37.5) 22 (44.9) -0.69 494
Fat score 2.71+0.44 2.67+0.47 2.74+0.41 042 516
Low<25 28 (31.5) 14 (35.0) 14 (28.6)
High>2.5 61 (68.5) 26 (65.0) 35 (71.4)
Mealtime Regular 70 (78.7) 30 (75.0) 40 (81.6) 058 447
Irregular 19 (21.3) 10 (25.0) 9 (18.4)
Eating out ' None/rarely 25 (28.1) 11 (27.5) 14 (28.6) 222 532
1~3 times/week 45 (50.6) 23 (57.5) 22 (44.9)
4~6 times/week 8(8.9) 2 (5.0) 6 (12.2)
>Once per day 11 (12.4) 4 (10.0) 7 (14.3)
Supper time ' Before 6 PM 4 (4.5) 3(7.5) 1(2.0) 240 311
6~8 PM 62 (69.7) 29 (72.5) 33 (67.3)
After 8 PM 23 (25.8) 8 (20.0) 15 (30.6)
3-day food diary
Calorie (kcal) 1,438.42+430.31 1,494.91+£428.9 1,392.31+430.33 112 266
CHO (g) 223.53+79.06 231.94+80.98 216.66+77.62 091 367
Fat (g) Total 36.45+13.71 39.31+14.03 34.12413.13 1.80 .076
Plant 21.92+10.34 24.35+10.81 19.9319.60 204 .045
Animal 14.55%6.93 14.9616.55 14.19+7.26 052  .604
Protein (g) Total 55.651+15.8 57.92+16.37 53.80+15.24 123 223
Plant 30.09410.20 31.794+10.43 28.704£9.90 143 155
Animal 25.57+10.65 26.131+10.55 25.11+10.82 045  .656
Proportion of intake =~ CHO 61.42+7.85 60.73+8.47 62.00£7.35 -0.75 453
(%) Fat 15.62+2.31 15.51+2.47 15.714£2.20 -040 694
Protein 22.95%6.36 23.75%6.76 22.30%6.00 110 284
Fiber (g) 19.26+7.75 20.20+7.13 18.50+8.22 1.03 307
Calcium (mg) Total 433.581184.65 489.26+202.70 388.13+£156.30 2,66  .009
Plant 240.21+99.71 246.08+101.48 235.43+99.04 050  .619
Animal 193.37+138.30 243.18+167.31 152.70+92.56 3.06 .003
Sodium (mg) 3,424.3211,399.69  3,360.96+1,197.70  3,476.04+1,555.69 -0.39  .702
Potassium (mg) 2,536.55+1,070.13  2,699.47+£1,080.05  2,403.56+1,05430 130 .196
Iron (mg) 13.13+5.17 13.33+4.29 12.95+5.83 035 731
Cholesterol (mg) 259.17+139.35 280.32+£148.91 241.9+130.02 130 197

CHO=carbohydrate; D/W=days per week; IPAQ=International Physical Activity Questionnaire; M=mean; MEt=metabolic equivalent of task;
M/D=minutes per day; M/W=minutes per week; PA=physical activity; SD=standard deviation; SFO=subcutaneous fat obesity; VFO=visceral
fat obesity; T Fisher’s exact test.
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Table 3. Comparison of Obesity Indicators Based on Obesity Type

Cardiometabolic Risk of Visceral Obesity

Total (n=89) SFO (n=40) VFO (n=49)
Variables x?ort p
n (%) or M+SD n (%) or M=SD n (%) or M*SD

Height (cm) 157.86+5.27 158.2315.65 157.55+4.97 0.61 545
Body weight (kg) 66.55+8.53 64.51+7.46 68.21+9.05 -2.07 .041
Body mass index (kg/m?) 26.68+2.85 25.72+2.17 27.4613.11 -2.98 .004

Overweight 29 (32.6) 19 (47.5) 10 (20.4) 7.83 018

Obesity 51 (57.3) 19 (47.5) 32 (65.3)

Severe obesity 9(10.1) 2 (5.0 7 (14.3)
Body fat rate (%) 34.68£3.73 33.41+3.04 35.71+£3.95 -3.03 .003
Muscle mass (kg) 39.18£3.82 39.10+3.79 39.24+3.88 -0.17 864
Visceral fat area (cm?) 112.22+45.60 74.92+18.29 142.67+37.87 -11.04 <.001
Subcutaneous fat area (cm?) 234.72+69.93 227.23+61.20 240.84+76.41 -0.91 364
V/S ratio 0.51£0.24 0.36£0.12 0.64£0.24 -7.10 <.001

M=mean; SD=standard deviation; SFO=subcutaneous fat obesity; VFO=visceral fat obesity; V/S ratio=visceral/subcutaneous fat ratio.

ported eating out more than four times per week or once
daily, and having late dinners after 8 PM, compared to
those in the SFO group (26.5% vs 15.0%; 30.6% vs 20.0%).

Obesity indicators are detailed in Table 3. The mean
BMI values and body fat percentages for both groups clas-
sified them as obese; however, the VFO group exhibited
significantly higher BMI values than the SFO group (t=
-2.98, p=.004). Specifically, 57.3% (n=51) of the participants
were obese, 32.6% (n=29) were overweight, and 10.1%
(n=9) were severely obese. The difference in the distribu-
tion of obesity levels between the groups was significant
(’=7.83, p=.018), indicating a higher prevalence and sev-
erity of obesity in the VFO group. Additionally, the VFO
group had significantly higher mean body fat rates
(t=-3.03, p=.003), higher mean VFA (t=-11.04, p <.001),
and a higher mean ratio of visceral to subcutaneous fat
(t=-7.10, p <.001) than the SFO group. No significant dif-
ferences were observed in muscle mass or SFA between
the two groups.

3. Comparison of Cardiometabolic Risk based on Obesity
Type

MS factors, LDL-C, TC, hs-CRP, and FRS are summar-
ized in Table 4. The mean values of WC for the VFO and
SFO groups indicated abdominal obesity (92.89+6.25 cm
and 88.87£6.42 cm, respectively). The mean values of WC
(t=-2.98, p=.004), triglycerides (t=-5.15, p <.001), and FBG
(t=-2.27, p=.010) in the VFO group were found to be ab-
normal and significantly higher than in the SFO groups.
There were no significant differences in the mean values of
BP and HDL-C between two groups, and both values were

within normal ranges. In the VFO group, the mean values
of TC (t=-2.27, p=.026) and LDL-C were abnormal and
significantly higher than those of the SFO group (t=-2.38,
p=.020). The median value of hs-CRP in the VFO group,
was 1.10 indicating moderate risk for CVD, and this value
was significantly higher than that in the SFO group (0.38;
z=-3.71, p <.001). In the VFO group, there were 20 (40.8%)
individuals at moderate risk and six (12.2%) at high risk
for CVD, whereas in the SFO group, there were only seven
(17.5%) at moderate risk and two (5.0%) at high risk. The
frequency of hs-CRP-related CVD risk was almost three
times higher in the VFO group, making this difference
significant (x*=8.47, p=.011). The estimated 10-year CVD
risk for the VFO group was 7.09+4.37%, significantly higher
than that of the SFO group, which was 4.99+2.74% (t=
-2.76, p=.007).

4, Factors Influencing Visceral Fat Obesity

Multiple logistic regression models were employed to
explore the factors influencing the incidence of VFO. Vari-
ables that were statistically significant in the univariate
analyses were included as covariates if they had a p-value
less than 0.25. Four variables remained significant: BMI,
animal calcium intake, number of days engaging in
vigorous PA per week, and age (Table 5). The fit of the
regression model was confirmed to be adequate (x’=36.82,
p <.001), and Nagelkerke's R* was 45.3%. Overall, this
model was able to accurately classify 78.7% of VFO cases.

The four variables were significantly associated with
the presence of VFO. Specifically, while controlling for
other variables, the odds of having VFO increased by 1.47
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Table 4. Comparison of Cardiometabolic Risk Based on Obesity Type

Normal Total (n=89) SFO (n=40) VFO (n=49)
Variables Categories range/ n(%)orM+SD n(%)orM*SD n(%)orM+SD torzor X2 p
Reference  or Median (IQR) or Median (IQR) or Median (IQR)
Metabolic WC <85cm 91.08%6.60 88.8716.42 92.89+6.25 -2.98 .004
syndrome Systolic BP <130 mmHg  127.33+£12.92 125.53+13.22 128.8+12.61 -1.19 237
Diastolic BP <85 mmHg 77.22+9.57 75.5019.10 78.6319.80 -1.55 125
HDL-C >50mg/dL 57.81+£11.05 59.95+11.76 56.061£10.23 1.67 .099
Triglyceride <150 mg/dL  124.04%68.61 89.55+31.81 152.20£77.50 -5.15 <.001
FBG <100 mg/dL 99.99+14.66 95.80£8.92 103.41+17.40 -2.27 .010
Serum lipids TC <200 mg/dL  210.96%38.54 200.93£32.69 219.14+41.27 -2.27 .026
LDL-C <130 mg/dL  138.53+32.59 129.90+26.77 145.57+35.39 -2.38 .020
hs-CRP (mg/L)"  Low risk <1 54 (60.7) 31 (77.5) 23 (46.9) 8.47 011
Moderate risk  1~<3 27 (30.3) 7 (17.5) 20 (40.8)
High risk >3 8(9.0) 2 (5.0) 6(12.2)
0.77 (0.34~1.45) 038 (0.23~0.84)  1.10 (0.59~1.80)  -3.71 <.001
10-year estimate ~ Low risk <10% 79 (88.8) 38 (95.0) 41 (83.7) 2.83 175
of CVDrisk (%) Moderate risk  >10,<20% 10 (11.2) 2 (5.0 8 (16.3)
High risk >20% 0(0.0) 0(0.0) 0(0.0)
6.14+3.85 4.994+2.74 7.09+4.37 -2.76 .007

BP=blood pressure; CVD=cardiovascular disease; FBG=fasting blood glucose; HDL-C=high density lipoprotein-cholesterol; hs-CRP=high
sensitivity C-reactive protein; IQR=interquartile range; LDL-C=low density lipoprotein-cholesterol; M=mean; SD=standard deviation;
SFO=subcutaneous fat obesity; TC=total cholesterol; WC=waist circumference; VFO=visceral fat obesity; T Fisher’s exact test.

Table 5. Factors Influencing Visceral Fat in Middle-aged Women with Overweight or Obesity

Variables B SE. OR 95% CI p

BMI (kg/m?) 0.39 0.12 147 1.151~1.875 .002
Animal calcium (mg) -0.01 0.002 0.99 0.988~0.997 .001
Frequency of vigorous PA (D/W) -0.86 0.28 0.42 0.244~0.735 .002
Age (year) 0.13 0.05 1.14 1.032~1.247 .009

X%=36.82 (p < .001), Nagelkerke's R?=453.

BMI=body mass index; CI=confidence interval; D/W=days per week; OR=o0dds ratio; PA=physical activity; S.E=standard error.

times with each 1 kg/m” increase in BMI (95% CI=1.151~
1.875) compared to SFO. Additionally, the odds of having
VFO decreased by 57.6% with each additional day of vi-
gorous PA participation per week (OR=0.42; 95% CI=0.244
~0.735). Furthermore, the odds of having VFO increased by
1.14 times with each additional year of age (95% CI=1.032
~1.247). Lastly, the odds of having VFO decreased by 1%
with each 1-mg increase in animal calcium intake (OR=
0.99; 95% CI=0.988~ 0.997).

DISCUSSION

This study demonstrated an association between VFO
and cardiometabolic risk in middle-aged women with
excessive weight. Additionally, factors such as age, BMI,
frequency of vigorous PA per week, and intake of animal-
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derived calcium were found to influence VFO in this
demographic. These findings are consistent with previous
research that identified aging as a risk factor for the ac-
cumulation of visceral fat [6,12]. This relationship may be
linked to hormonal changes that occur during menopause
in middle-aged women. Estrogen significantly influences
fat distribution, leading to a tendency for men to accu-
mulate fat in the abdominal region and for women in the
thighs. The perimenopausal period is characterized by a
significant decrease in estrogen levels, which is accom-
panied by a redistribution of fat from subcutaneous to
visceral areas [24]. Previous research has shown that VFA
increased significantly by 8.2% and 5.8% annually, both
two years before and after the final menstrual period, indi-
cating that the prevalence of visceral adiposity increases
with age [11].



Previous studies have demonstrated a positive associ-
ation between BMI and visceral fat [25]. Although BMI
does not distinguish between muscle and fat mass, nor
does it consider the distribution of fat, it continues to be a
practical tool for assessing obesity in clinical settings. Ne-
vertheless, its limitations should be acknowledged, espe-
cially in situations where regional fat distribution is cru-
cial for cardiometabolic health.

The frequency of vigorous PA has been shown to posi-
tively impact the reduction of VFO. This aligns with find-
ings from a previous meta-analysis, which indicated that
aerobic exercise of a certain intensity effectively reduces
VFA [13]. High-intensity physical activity promotes the
release of adiponectin, and studies have established a
strong correlation between adiponectin levels and changes
in visceral adipose tissue [26]. Research suggests that high-
intensity exercise is more effective than moderate or low-
intensity exercise in reducing visceral adipose tissue and
improving insulin sensitivity, with intensity being more
crucial than duration [27]. However, the relationship be-
tween exercise intensity and VFA requires further experi-
mental research using more objective and accurate mea-
surements, as the findings of this study were based on
self-reported data, which are vulnerable to subjectivity.

The present study found that an increase in animal cal-
cium intake was associated with a decreased risk of VFO.
The exact mechanisms by which calcium intake affects
visceral fat accumulation are not fully understood. How-
ever, potential pathways may include the suppression of
calcitriol levels, which reduces fat deposition [28], and
enhancements in insulin sensitivity [29]. A previous study
[30] demonstrated that elevated visceral fat is associated
with lower calcium intake. While prior interventional stu-
dies have explored the combined effects of calcium and
vitamin D3 intake on visceral fat [31], there remains a
scarcity of human intervention studies focusing solely on
the effects of calcium. Additionally, this study revealed
that calcium intake, particularly from animal sources, was
significantly lower in the VFO group compared to the SFO
group. Given the link between bone mass reduction and
menopause, the importance of calcium intake is particul-
arly critical for middle-aged Korean women, whose con-
sumption often falls below the recommended levels for
their age [32].

Dyslipidemia was the most common comorbidity ob-
served in this study, occurring twice as frequently in the
VFO group compared to the SFO group. Additionally,
T2DM was exclusively found in the VFO group. Abnormal
mean values of triglycerides, TC, LDL-C, and FBG in the
VFO group further supported the link between visceral fat

Cardiometabolic Risk of Visceral Obesity

and both dyslipidemia and T2DM. Interestingly, the mean
BP values for both groups were within the normal range,
despite a 16.9% prevalence of hypertension. This can be
partly attributed to the high adherence rate (80.0%) to anti-
hypertensive medication. In contrast, only 47.3% of those
diagnosed with dyslipidemia adhered to their prescribed
lipid-lowering medication regimen. This underscores the
critical importance of medication adherence, which cannot
be overstated.

Although regular exercise was not considered a factor
influencing VFO, a significant difference was observed
between the two groups. Women with SFO engaged in
regular and more vigorous exercise compared to those
with VFO. However, regardless of the type of obesity,
middle-aged women with weight issues generally exhi-
bited low PA levels. This aligns with a national report
indicating that the adherence rate to aerobic PA among
Korean women aged 40 to 59 is lower than that of Korean
men in the same age group and their younger female
counterparts [3]. Given that muscle mass and SFA were
similar in the two groups, an effective exercise program
for women with excessive weight or obesity should include
strategies to increase muscle mass and reduce fat tissue in
a manner that is feasible for them to maintain.

Regardless of the type of obesity, 41.6% of all partici-
pants were found to have a high sodium diet, consuming
almost 1.5 times more than the recommended amount of
2300 mg [32]. Although sodium intake was not identified
as a factor influencing VFO in this study, previous re-
search has reported a significant correlation between uri-
nary sodium output and VFA, as confirmed by abdominal
CT [33]. Therefore, reducing sodium intake is advisable
not only for women with hypertension but also for those
with VFO. According to the analysis of a 3-day food diary,
the daily proportions of protein, fat, and carbohydrate
intake appeared to be adequate overall. However, the
frequency of fat intake was high, as evidenced by more
than two-thirds of the participants, regardless of obesity
type. Given that significantly higher values of TC, LDL-C,
and triglycerides in the VFO group were associated with
animal fat intake, and considering the significantly lower
intake of plant fats in the VFO group than in the SFO
group, an increased intake of plant fats over animal fats is
recommended for middle-aged women with VFO.

Women with VFO exhibited higher body weight, BMI,
body fat percentage, VFA, and V/S ratio compared to
those with SFO. Additionally, the VFO group displayed
metabolic syndrome characterized by three abnormal fac-
tors: WG, triglycerides, and FBG. The mean values of BMI,
WC, and VFA in each group were indicative of obesity and
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abdominal obesity, aligning with previous studies that
demonstrated a correlational relationship between BMI,
WC, and VFA [34]. Furthermore, the VFO group had
significantly higher abnormal values of TC and LDL-C,
suggesting a higher incidence of dyslipidemia in women
with VFO. This aligns with earlier research highlighting
the negative impact of VFO on cardiometabolic risk in
women [5]. Additionally, the average hs-CRP level in the
VFO group indicated a moderate risk, with the number of
women at moderate or high risk being more than double
that in the SFO group. This finding further supports the
link between VFA and inflammation, which may increase
the risk of CVD [6]. Moreover, the 10-year CVD risk esti-
mate for the VFO group was significantly higher than that
for the SFO group, corroborating the findings of Neeland
etal. [35]. In summary, middle-aged women with VFO are
at an increased risk for cardiometabolic disorders; there-
fore, it is crucial to manage their VFO comprehensively
before the onset of menopause.

By incorporating the relevant factors identified from
this study, lifestyle intervention programs can be designed
to improve cardiometabolic health by reducing visceral
fat. In particular, as vigorous PA has been shown to reduce
visceral obesity, it is anticipated that targeted exercise
programs emphasizing high-intensity activities can be de-
veloped. However, the reliability of these study results is
compromised by the use of self-reported questionnaires to
assess physical activity and dietary behaviors, which in-
troduces the potential for recall bias and responder bias.
Future research should employ objective measures, such
as wearable devices, to obtain more accurate assessments
of health behaviors. Additionally, as all participants were
recruited from Seoul, Korea, the generalizability of the
findings to women in other regions may be limited. Inclu-
ding participants from a variety of regions would improve
the broader applicability of the findings. While this study
concentrated on exercise and dietary habits, the omission
of other lifestyle factors such as smoking and alcohol con-
sumption is a limitation. This suggests a need for future
studies to more comprehensively explore their impact on
visceral fat and cardiometabolic risk.

CONCLUSION

This study demonstrated a positive association between
VFO and cardiometabolic risk, identifying key factors
influencing VFO in middle-aged women who are over-
weight. Significant differences were observed in body
weight, BMI, WC, cholesterol profile, hs-CRP, and the 10-
year estimate for CVD risk between the SFO group and the
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VFO group. Since abdominal fat gradually increases with
age and with the onset of menopause, managing visceral
fat is crucial for the health of middle-aged women. Al-
though aging and menopause are inevitable, modifiable
health behaviors such as healthy eating and regular PA
should be closely monitored to reduce the accumulation of
visceral fat. In conclusion, there is an urgent need for
weight management programs that focus on reducing
visceral fat accumulation in abdominal obesity among
middle-aged women.
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