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Background/Aims: To investigate whether visceral fat area (VFA) measured by 
bioelectric impedance analysis (BIA) was associated with metabolic syndrome in 
subjects with and without obesity.
Methods: A total 23,202 participants who underwent medical check-ups were as-
sessed. Participants were stratified by body mass index (BMI) and VFA. We evalu-
ated six different groups for metabolic syndrome: Group 1 (normal weight and low 
VFA), Group 2 (normal weight and high VFA), Group 3 (overweight and low VFA), 
Group 4 (overweight and high VFA), Group 5 (obesity and low VFA), and Group 6 
(obesity and high VFA). 
Results:	Metabolic syndrome traits and metabolic syndrome were significantly 
more prevalent in the high-VFA (≥ 100 cm2) subgroup in each BMI group. Ad-
justed logistic regression analyses revealed that the odds ratio for metabolic syn-
drome compared with Group 1 was the highest in Group 6 (24.53; 95% confidence 
interval [CI], 21.77 to 27.64). Notably, the odds ratio of Group 2 was higher than that 
of Group 3 (2.92; 95% CI, 2.30 to 3.69 vs. 2.57; 95% CI, 2.23 to 2.97).
Conclusions: Our study demonstrates that the combination of BMI assessment 
and VFA determination by BIA may be a useful method for predicting the risk of 
metabolic syndrome. The VFA by BIA may be a useful target for interventions to 
improve metabolic syndrome.
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Risk for metabolic syndrome in the population 
with visceral fat area measured by bioelectrical 
impedance analysis
Han Ho Jeon1,*, Yong Kang Lee1,*, Dong Hyun Kim1, Haeyong Pak2, Sang Yun Shin1, and Jeong Hun Seo1

INTRODUCTION

Due to recent changes in eating habits and lifestyle, the 
prevalence of obesity is increasing worldwide [1,2], re-
gardless of race, age, and gender, and the incidence rates 
and complications of obesity-related diseases are in-
creasing. People with obesity are more likely to develop 
metabolic disorders such as metabolic syndrome, type 
2 diabetes, hypertension, dyslipidemia, ischemic heart 
disease, stroke, fatty liver, gallbladder disease, and thy-
roid disease [2-4].

Visceral fat plays an important role in the development 
of metabolic and cardiovascular diseases [5-7]. Howev-
er, body mass index (BMI), the main measure used to 
determine obesity, does not account for the amount of 
muscle and fat, but simply accounts for body weight [8]. 
Therefore, there is a limit to predicting obesity-related 
disease. In addition, it is possible to evaluate abdominal 
obesity through the measurement of waist circumfer-
ence [9], but there are limitations in that body fat per-
centage cannot be measured directly, and the reproduc-
ibility is poor due to large errors in the measurements 
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[10]. Methods for measuring visceral fat area (VFA) in-
clude dual energy X-ray absorptiometry, computed to-
mography (CT), and magnetic resonance imaging; how-
ever, these methods require expensive equipment and 
exposure to radiation, which limits their use. Current 
body composition analysis through bioelectrical im-
pedance analysis (BIA) is the most widely used method 
because it has the advantage of measuring body fat and 
muscle mass easily and inexpensively [11-13].

In this study, we analyzed the relationship between 
metabolic syndrome in the obesity group defined by 
BMI and the obesity group defined by the VFA deter-
mined by bioelectrical impedance and assessed the risk 
of metabolic syndrome by subdividing the groups ac-
cording to the combination of BMI and VFA.

METHODS

Study population
We identified 43,837 adults (≥ 18 years old) who under-
went voluntary routine check-ups at the National Health 
Insurance Service Ilsan Hospital between January 2011 
and December 2015. When participants underwent mul-
tiple examinations, we analyzed the data from their first 
visit. We excluded participants with BMI less than 18.5 
kg/m2. In total, 23,202 participants were included in this 
study. This study was approved by the Institutional Re-
view Board of the National Health Insurance Service Ilsan 
Hospital (IRB No.: 2017-04-043-002). Written informed 
consent by the patients was waived due to a retrospective 
nature of our study. 

Data collection
The participants arrived at the hospital after an over-
night fast. Clinical and laboratory data were collected 
during the health examination. The height and weight 
of each participant were measured while he/she main-
tained a straight standing posture while wearing a light 
examination suit and no shoes, and the BMI was calcu-
lated. The waist circumference was measured mid-way 
between the lowest rib and the iliac crest. Visceral fat 
area was measured by a trained nurse using an InBody 
720 (Biospace Co., Seoul, Korea) according to the manu-
facturer’s protocol. The following clinical and laborato-
ry data were collected: age, body weight (kg), body mass 

index, smoking, drinking habits, waist circumference 
(cm), systolic blood pressure (mmHg), diastolic blood 
pressure (mmHg), uric acid (mg/dL), total cholesterol 
(mg/dL), high-density lipoprotein cholesterol (HDL-C; 
mg/dL), low-density lipoprotein cholesterol (LDL-C; 
mg/dL), triglycerides (mg/dL), fasting glucose (mg/dL), 
hemoglobin A1c (HbA1c, %), gamma-glutamyl transfer-
ase (GGT, U/L), aspartate aminotransferase (AST, U/L), 
and alanine aminotransferase (ALT, U/L).

Definitions
The cut-off point for obesity for Asians is defined by the 
World Health Organization as a BMI of 23.0 kg/m2 [14]. 
The participants were divided into three groups by BMI: 
normal weight (18.5 to 22.9 kg/m2), overweight (23 to 24.9 
kg/m2), and obesity (≥ 25 kg/m2). The definition of obesi-
ty by VFA was set as VFA ≥ 100 cm2 [15].

Participants were categorized into six groups according 
to the combination of BMI and VFA. The six groups were 
(Fig. 1): (1) normal weight and VFA < 100 cm2 (Group 1); 
(2) normal weight and VFA ≥ 100 cm2 (Group 2); (3) over-
weight and VFA < 100 cm2 (Group 3); (4) overweight and 
VFA ≥ 100 cm2 (Group 4); (5) obesity and VFA < 100 cm2 
(Group 5); and (6) obesity and VFA ≥ 100 cm2 (Group 6).

Metabolic syndrome was defined in accordance with 
the National Cholesterol Education Program Expert 
Panel on Detection, Evaluation, and Treatment of High 
Blood Cholesterol in Adults, Adult Treatment Panel III. 
Participants were defined as having metabolic syndrome 
if they had three or more of the following five factors: 
(1) waist circumference: male ≥ 90 cm, female ≥ 80 cm; 
(2) triglycerides: ≥ 150 mg/dL or use of medication; (3) 
HDL-C: male < 40 mg/dL, female < 50 mg/dL or use of 
medication; (4) blood pressure ≥ 130/85 mmHg (systolic 
blood pressure ≥ 130 mmHg or diastolic blood pressure 
≥ 85 mmHg) or use of medication; and (5) fasting glucose 
≥ 100 mg/dL or use of medication.

Statistical analysis
Continuous variables are presented as mean ± standard 
deviation. Categorical variables are presented as count 
(percentage). Differences between groups were tested 
by Student’s t test for continuous variables and the chi-
square test for categorical variables. Multiple logistic re-
gression analysis was used to determine the risk of met-
abolic syndrome in each of the six groups. First, we used 
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43,837 Participants who underwent medical check-ups

23,202 Participants who under were analyzed

7,960 Group 1
Normal weight & 
VFA < 100 cm2

727 Group 2
Normal weight & 
VFA ≥ 100 cm2

3,648 Group 3
Overweight & 
VFA < 100 cm2

2,120 Group 4
Overweight & 
VFA ≥ 100 cm2

2,329 Group 5
Obesity & 
VFA < 100 cm2

6,418 Group 6
Obesity & 
VFA ≥ 100 cm2

Excluded
  Multiple examinations (anslysis the data from the first visiting)
  BMI < 18.5 kg/m2

Figure 1. Study participant and categorization. Normal weight, body mass index (BMI) 18.5 to 22.9 kg/m2; overweight, BMI 23 
to 24.9 kg/m2; obesity, BMI ≥ 25 kg/m2. VFA, visceral fat area.

Table 1. Clinical characteristics of the study population stratified by gender

Characteristic Male (n = 12,772) Female (n = 10,430) p value

Age, yr 47.9 ± 11.9 47.6 ± 12.5 0.028

Body weight, kg 73.5 ± 10.7 58.4 ± 8.3 < 0.001

BMI, kg/m2 25.0 ± 3.0 23.3 ± 3.2 < 0.001

Waist circumference, cm 86.6 ± 7.8 80.6 ± 8.2 < 0.001

VFA, cm2 106.5 ± 35.6 82.2 ± 31.3 < 0.001

Hypertension 14,02 (11.0) 674 (6.5) < 0.001

Diabetes mellitus 2,229 (17.5) 1,111 (10.7) < 0.001

Smokinga 9,666 (75.7) 745 (7.1) < 0.001

Alcohol drinkingb 4,842 (37.9) 3,298 (31.6) < 0.001

Systolic BP, mmHg 123.7 ± 13.9 117.39 ± 15.1 < 0.001

Diastolic BP, mmHg 75.9 ± 10.6 71.49 ± 10.5 < 0.001

Total cholesterol, mg/dL 198.7 ± 37.5 195.8 ± 36.3 < 0.001

HDL-C, mg/dL 47.9 ± 11.4 56.67 ± 13.4 < 0.001

LDL-C, mg/dL 121.6 ± 33.2 116.85 ± 32.3 < 0.001

Triglyceride, mg/dL 153.2 ± 112.7 98.23 ± 65.5 < 0.001

HbA1c, % 5.8 ± 0.8 5.7 ± 0.7 < 0.001

Metabolic syndrome 3,799 (29.7) 2,046 (19.6) < 0.001

Fasting blood glucose, mg/dL 99.1 ± 23.5 94.1 ± 17.5 < 0.001

Uric acid, mg/dL 6.0 ± 1.2 4.4 ± 0.9 < 0.001

GGT, IU/L 39.8 ± 64.2 17.5 ± 15.7 < 0.001

AST, IU/L 27.5 ± 14.5 22.7 ± 9.9 < 0.001

ALT, IU/L 30.8 ± 23.5 20.0 ± 13.4 < 0.001

Values are presented as mean ± SD or number (%).
BMI, body mass index; VFA, visceral fat area; BP, blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; GGT, gamma-glutamyl transferase; AST, aspartate transaminase; 
ALT, alanine transaminase.
aSmoking: past smoker and current smoker.
bAlcohol drinking: drink more than once a week.
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the base model for the BMI and VFA at baseline. Model 
1 was adjusted for age and sex, while Model 2 was adjust-
ed for age, sex, diabetes mellitus, hypertension, alcohol 
intake, and smoking. The associations are presented as 
odds ratios (ORs) with 95% confidence intervals (CIs). 
All statistical analyses were performed with SAS 9.4 (SAS 
Institute, Cary, NC, USA). A p value below 0.05 was con-
sidered statistically significant.

RESULTS

Baseline characteristics of study population
The demographic and clinical characteristics of the par-
ticipants are shown in Table 1. The mean age was 47.6 
years for women and 47.9 years for men. The mean VFA 
was 82.2 cm2 in women and 106.5 cm2 in men. The prev-
alence of metabolic syndrome in women and men was 
19.6% and 29.7% respectively. The mean BMI, blood pres-
sure, uric acid, total cholesterol, LDL-C, triglycerides, 

fasting blood glucose, GGT, AST, and ALT levels were 
significantly higher in men than in women. The mean 
HDL-C level was significantly higher in women than in 
men. Table 2 displays the correlations between VFA and 
various other parameters. The VFA correlated positive-
ly with BMI, blood pressure, uric acid, total cholesterol, 
LDL-C, triglycerides, fasting blood glucose, GGT, AST, 
and ALT levels, but negatively with HDL-C level.

Main characteristics of the groups defined by BMI 
and VFA
We divided participants into six groups according to the 
combination of BMI and VFA. The clinical character-
istics of participants by gender according to BMI and 
VFA are shown in Tables 3 and 4. In men, the prevalence 
of metabolic syndrome was 6.1% in Group 1, 13.3% in 
Group 2, 13.1% in Group 3, 21.5% in Group 4, 25.4% in 
Group 5, and 56.2% in Group 6. In women, the preva-
lence of metabolic syndrome was 4.3% in Group 1, 21.6% 
in Group 2, 12.1% in Group 3, 30.9% in Group 4, 33.9% in 
Group 5 and 62.2% in Group 6. The subgroups of partic-
ipants with VFA ≥ 100 cm2 were generally older and had 
greater BMI and waist circumference than those with 
VFA < 100 cm2. In addition, VFA ≥ 100 cm2 was associat-
ed with the presence of hypertension, diabetes mellitus, 
metabolic syndrome, and metabolic parameters.

Presence of metabolic syndrome in groups defined 
by BMI and VFA
In variable-adjusted models, we estimated the risk of 
metabolic syndrome in each group defined by BMI and 
VFA (Table 5). In Model 1, the odds ratios for metabol-
ic syndrome compared with Group 1 were 2.91 (95% CI, 
2.31 to 3.67), 2.64 (95% CI, 2.29 to 3.04), 5.27 (95% CI, 4.55 to 
6.11), 7.62 (95% CI, 6.63 to 8.75), and 25.44 (95% CI, 22.60 
to 28.63) in Groups 2, 3, 4, 5, and 6, respectively. In Mod-
el 2, the respective odds ratios for metabolic syndrome 
compared with Group 1 were 2.92 (95% CI, 2.30 to 3.69), 
2.57 (95% CI, 2.23 to 2.97), 5.16 (95% CI, 4.44 to 6.00), 7.45 
(95% CI, 6.47 to 8.56), and 24.53 (95% CI, 21.77 to 27.64) in 
Groups 2, 3, 4, 5, and 6.

DISCUSSION

The following results were obtained through this study. 

Table 2. Correlation between VFA and other variables

Variable Correlation coefficient

Age 0.209

BMI 0.701

Waist circumference 0.793

Systolic BP 0.349

Diastolic BP 0.307

Total cholesterol 0.148

HDL-C –0.303

LDL-C 0.174

Triglyceride 0.322

Fasting glucose 0.229

HbA1c 0.228

Uric acid 0.340

GGT 0.166

AST 0.223

ALT 0.303

Values are the correlation coefficients and p < 0.001 for all 
analyses.
VFA, visceral fat area; BMI, body mass index; BP, blood pres-
sure; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c; 
GGT, gamma-glutamyl transferase; AST, aspartate transam-
inase; ALT, alanine transaminase.
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First, VFA estimated by BIA correlated well with waist 
circumference and metabolic syndrome components. 
Although previous studies have shown similar results 
regarding VFA [11,12,16,17], our study demonstrated the 
usefulness of VFA estimation by BIA in a large number 
of participants. Visceral fat is known to be associated 
with insulin resistance and diabetes [18]. Our study re-
vealed that VFA was also associated with HbA1c level. 
Additionally, we found that VFA was associated with 
the level of uric acid. Uric acid is not included in the 
diagnostic criteria for metabolic syndrome, but recent 
studies have revealed that increased uric acid level plays 
a causative role in the pathogenesis of metabolic, renal, 
and cardiovascular diseases and leads to increased mor-
tality [19-21].

Second, when participants were divided into six 
groups, the odds ratio for metabolic syndrome tended 
to increase with group number, and the odds ratio for 
metabolic syndrome in Group 6 was very high at 24.53. 
Interestingly, when the normal-weight group was divid-
ed based on VFA, the odds ratio for metabolic syndrome 
in Group 2 (normal weight and VFA ≥ 100 cm2) was 2.92 
compared with Group 1 (normal weight and VFA < 100 
cm2). Additionally, the odds ratio for metabolic syn-
drome in Group 2 was higher than that in Group 3 (over-
weight and VFA < 100 cm2). The odds ratio for metabolic 
syndrome increased dramatically from 7.45 to 24.53 when 
participants with obesity based on BMI were further di-
vided based on VFA (Group 5 vs. Group 6). These results 
suggest that VFA is an important component and cause 
of metabolic syndrome. Previous studies have demon-
strated that VFA is associated with metabolic syndrome 
components and have proposed 100 cm2 as a reasonable 

cut-off point for VFA, suggesting that VFA < 100 cm2 
may be an important factor for improvement [15,22]. Vis-
ceral fat is associated with a greater cardiometabolic risk 
than subcutaneous fat or high BMI [23,24]. The adipocy-
tokines induced by visceral fat are closely related with 
metabolic disorders [25], which develop into various 
metabolic and cardiovascular diseases. Visceral fat re-
duces the production of defensive adipocytokines such 
as adiponectin [25,26]. Changes in adiponectin in obesity 
play an important role in the development of metabolic 
and cardiovascular complications [25,27]. Circulating ad-
iponectin level was found to correlate with VFA but not 
BMI in subjects with obesity [28]. 

The clinical significance of our study is as follows. 
The combination of BMI assessment and VFA determi-
nation by the BIA method allowed the diagnosis of in-
dividuals with an unrecognized but relatively high risk 
of metabolic syndrome (such as those with normal BMI 
and VFA greater than 100 cm2). In addition, our study 
confirmed that the risk of metabolic syndrome was sig-
nificantly lower (OR, 7.45 vs. 24.53) when VFA was less 
than 100 cm2 in participants with obesity based on BMI. 
In other words, VFA (cut-off point of 100 cm2) may be 
a useful target for interventions to improve metabolic 
syndrome.

The present study had several limitations. First, our 
study was limited by its cross-sectional and single-cen-
ter retrospective design. Second, exercise as a habitual 
parameter was not evaluated in the present study be-
cause the data was not correctly acquired. However, the 
influence of this limitation was reduced by the large 
sample size in our study. Third, VFA was not measured 
by a standard method such as CT, which is the most ac-

Table 5. The odds ratio of metabolic syndrome in the group stratified by the combination of body mass index and  visceral fat area

Variable No. Crude OR (95% CI) p value
Model 1 Model 2

Adjusted OR (95% CI) p value Adjusted OR (95% CI) p value

Group 1 7,960 1.00 1.00 1.00

Group 2 727 3.44 (2.74–4.32) < 0.001 2.91 (2.31–3.67) < 0.001 2.92 (2.30–3.69) < 0.001

Group 3 3,648 2.82 (2.45–3.25) < 0.001 2.64 (2.29–3.04) < 0.001 2.57 (2.23–2.97) < 0.001

Group 4 2,120 6.10 (5.29–7.04) < 0.001 5.27 (4.55–6.11) < 0.001 5.16 (4.44–6.00) < 0.001

Group 5 2,329 7.90 (6.89–9.05) < 0.001 7.62 (6.63–8.75) < 0.001 7.45 (6.47–8.56) < 0.001

Group 6 6,418 26.75 (23.88–29.96) < 0.001 25.44 (22.60–28.63) < 0.001 24.53 (21.77–27.64) < 0.001

Model 1. Adjust variable: age, sex; Model 2. Adjust variable: Model 1 + diabetes mellitus, hypertension, alcohol, smoking.
OR, odds ratio; CI, confidence interval.
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curate and reliable method. However, VFA determined 
by BIA correlates well with that determined by CT [17,29].

In conclusion, this study demonstrated that the com-
bination of BMI assessment and VFA determination by 
BIA may be a simple and useful method for predicting 
the risk of metabolic syndrome. The VFA by BIA may 
be a useful target for interventions to improve metabol-
ic syndrome. Future interventional trials are needed to 
confirm the usefulness of targeting the VFA to improve 
metabolic syndrome.
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