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Objective: Abdominal adipose is closely related to many endocrine and metabolic

diseases. The aim of this study was to analyze the distribution of abdominal adipose

tissue in a healthy population in northern China determined by abdominal computed

tomography (CT).

Methods: Data for this study were obtained from a multicenter, retrospective, cross-

sectional study that collected abdominal CT scans of 1787 healthy individuals from

4 representative cities in northern China. Areas of visceral adipose tissue (VATA) and

subcutaneous adipose tissue (SATA) were obtained by measuring CT images at the

level of the 3rd lumbar vertebra. Visceral adipose tissue index (VATI) and subcutaneous

adipose index (SATI) were obtained by normalizing the square of height to analyze the

distribution of the above indexes and visceral obesity among different body mass index

(BMI), gender and age.

Results: The mean age of this healthy population was 45.3 ± 15.2 years and the mean

BMI was 23.5± 3.2 kg/m2, with 902 men and 885 women. Compared with women, men

had a significantly higher median VATA (120.9 vs. 67.2 cm2), VATI (39.1 vs. 25.6 cm2/m2)

and a significantly higher percentage of visceral adiposity (VATA ≥ 100 cm2) (60.8 vs.

30.4%), while women had significantly higher SATA (116.9 vs. 146.7 cm2) and SATI (38.8

vs. 55.8 cm2/m2) than men. Whether men or women, VATI was positively correlated with
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age. Interestingly, SATI was weakly positively correlated with age in women, while SATI

was weakly negatively correlated with age in men. In persons with a normal BMI, the

proportion of visceral adiposity increases with age, whereas inmenwith a normal BMI, the

proportion of visceral adiposity decreases after the age of 60 years but remains >50%.

Conclusions: The distribution of abdominal visceral and subcutaneous adipose tissue

parameters measured by CT differed among gender, age, and BMI. Even men and

women with normal BMI have a high proportion of visceral obesity.

Keywords: visceral adipose tissue area, subcutaneous adipose tissue area, computed tomography, visceral

obesity, normal body mass index

INTRODUCTION

Obesity is caused by an imbalance between energy intake
and expenditure and is characterized by the accumulation of
adipose tissue in both visceral and subcutaneous depots (1).
Obesity can also alter the endocrine and metabolic functions
of adipose tissue and is a risk factor for many metabolic
diseases (2). The regional distribution of adipose tissue has
been shown to be a stronger predictor of health risk than
overall excessive adiposity (3). Excess of visceral adipose tissue
facilitates high doses of adipokines in the portal vein to the
liver and other body tissues, resulting in serious effects such
as diabetes, non-alcoholic fatty liver diseases, kidney disease,
cancer and other health problems (4).Studies have shown
that visceral obesity is also associated with increased COVID-
19 severity (5). A large prospective multiethnic cohort study
demonstrated that visceral adipose tissue (VAT), but not body
mass index (BMI) and subcutaneous adipose tissue (SAT), was
significantly associated with increased risk of cardiovascular
disease (6). It has also been reported that visceral obesity
as measured by computed tomography (CT) is positively
associated with the development of colonic diverticulosis, even
at normal body weight (7). Therefore, we should pay attention
to the health problems brought by the occurrence risk of
visceral obesity.

Computed tomography (CT) imaging is a method to
accurately quantify the regional distribution of abdominal
adipose tissue parameters and is considered the gold standard
for body composition assessment (8). It has been reported that
different races, eating habits, physical activity and other factors
may contribute to different body composition (9). In northern
China, there has been little research on the potential demographic
heterogeneity of the regional distribution of abdominal adipose
and the risk of visceral obesity with different BMI. Therefore, the
aim of our study was to analyze the distribution of adipose tissue
at the level of the third lumbar vertebra and the proportion of
visceral adiposity in a healthy population of different gender, age,
and BMI.

Abbreviations: VATA, visceral adipose tissue area; VATI, visceral adipose tissue

index; SATA, subcutaneous adipose tissue area; SATI, subcutaneous adipose tissue

index; TATA, total adipose tissue area; TATI, total adipose tissue index; BMI, body

mass index; HU, Hounsfield Units; CT, Computed tomography.

METHODS

Study Population
In this multicenter retrospective cross-sectional study (10), we
collected 1,787 healthy adults from January 2016 to March 2021
from tertiary hospitals in 4 representative cities in northern
China (showed in Supplementary Figure 1). Individuals who
met the following criteria were included: (1) age over 20
years; (2) having an analysable abdominal CT examination
(including third lumbar vertebrae (L3) level) and (3) BMI
≥ 18.5 kg/m2. Individuals were excluded from the study if
they had (1) malignancy; (2) various chronic diseases, such as
cardio-cerebrovascular diseases, chronic obstructive pulmonary
disease, chronic hepatitis, and chronic renal insufficiency; (3)
various serious diseases, such as liver failure, respiratory and
circulatory failure, renal failure, and severe acute pancreatitis; (4)
endocrine and metabolic syndrome, such as thyroid dysfunction
and diabetes mellitus; (5) autoimmune diseases presently taking
glucocorticoids; and (6) mental illness. Data collected included
sex, age, height, weight, BMI and CT scan. World health
organization (WHO) (11) standards were used to categorize BMI
as follows: normal/healthy weight (18.5–25.0 kg/m2), overweight
(25.0–30.0 kg/m2), and obesity (≥30.0 kg/m2). Diagnostic
criteria for visceral obesity used previously reported visceral
adipose tissue area≥ 100 cm2 at L3 level in both men and women
(12). This criterion was used as a cutoff to define myopenia
obesity in Asian populations and to diagnose visceral obesity.

The retrospective study procedures were conducted in
accordance with the Declaration of Helsinki and approved by
the Ethics Committee of Beijing Youan Hospital (LL-2021-
018-K). We only obtained body composition data and relevant
clinical information, and not involved the privacy of participants.
The ethics committee did not require participants to sign
informed consent.

Abdominal Adipose Tissue Assessment
In this study, included healthy people all underwent abdominal
CT scan, CT units used and detailed technical parameters
showed in Supplementary Table 1. We derived cross-sectional
CT images of the mid-third lumbar vertebrae (L3) from the
PACS system in the radiology department and studied them
in dicom format. Adipose tissue parameters were quantified
using SliceOmatic (V5.0, Tomovision, Magog, Canada) software.
Tissue segmentation was performed using Hounsfield unit
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FIGURE 1 | Computed tomograph scan shows the body composition of normal BMI individuals with and without visceral obesity. (A) represents a normal BMI with

visceral obesity, with a BMI of 23.2 kg/m2 and visceral adipose tissue of 207 cm2. (B) represents a normal BMI without visceral obesity, with a BMI of 23.2 kg/m2 and

visceral adipose tissue of 23.9 cm2. Visceral adipose tissue area is highlighted in yellow and the subcutaneous adipose tissue area is purple.

TABLE 1 | Baseline characteristics of the study population according to sex.

Variables Total (n = 1,787) Male (n = 902) Female (n = 885) P-value

Age, years 45.0 (25.0) 44.0 (24.0) 46.0 (24.5) 0.310

Height, m 1.68 (0.13) 1.74 (0.08) 1.62 (0.05) <0.001

Weight, kg 65.0 (15.0) 70.0 (14.0) 60.0 (10.0) <0.001

BMI, kg/m2 23.1 (4.1) 23.4 (4.1) 22.9 (4.3) <0.001

Normal weight, n (%) 1284 (71.9%) 630 (70.0%) 654 (73.9)

Overweight, n (%) 434 (24.3%) 237 (26.3%) 197 (22.3%)

Obese, n (%) 69 (3.8%) 35 (3.9%) 34 (3.8%)

L3-VATA, cm2 90.6 (100.2) 120.9 (104.9) 67.2 (79.8) <0.001

L3-VATI, cm2/m2 32.2 (34.5) 39.1 (34.8) 25.6 (29.8) <0.001

L3-SATA, cm2 129.9 (79.9) 116.9 (66.1) 146.7 (86.5) <0.001

L3-SATI, cm2/m2 45.6 (29.1) 38.8 (21.6) 55.8 (33.4) <0.001

L3-TATA, cm2 233.1 (155.9) 244.0 (154.1) 221.0 (148.9) 0.004

L3-TATI, cm2/m2 82.1 (53.4) 81.2 (51.6) 83.7 (57.2) 0.003

Visceral obesity (VAT ≥ 100 cm2 ), % 817 (45.7%) 548 (60.8%) 269 (30.4%) <0.001

Data are presented as median (interquartile range) for non-normally distributed continuous variables.

Categorical variables are shown as number (percentages %).

thresholds of −150 to −50 for visceral adipose tissue and −190
to −30 for subcutaneous adipose tissue (13) (Figure 1). Visceral
adipose tissue area (VATA) is highlighted in yellow and the
subcutaneous adipose tissue area is purple. Notably, adipose
in the kidney, liver and intestines should not be included in
VAT, despite having the same density values as VAT. The cross-
sectional of VATA and SATA were automatically calculated, and
then normalized for height squared to obtain the visceral adipose
tissue index (VATI, cm2/m2) and subcutaneous adipose tissue
index (SATI, cm2/m2). L3-total adipose tissue area (L3-TATA)
was the sum of L3-VATA and L3-SATA.

Statistical Analysis
We used R×64 4.0.3 (http://www.r-project.org/) and Origin 9.0
(origin lab, Northampton, MA, USA) to analyze our data and
make diagrams. P < 0.05 was considered statistically significant.
Categorical variables were expressed as number (percentages)
and were compared by the chi-square test. Continuous data
were shown as the median (interquartile range). Comparison

of continuous variables between two groups was performed
by either the Mann-Whitney U test. Correlations between
adipose tissue indices (VATI, SATI, and TATI) and age and
BMI were visualized by scatter plots and assessed using Pearson
correlation coefficients.

RESULTS

Baseline Characteristics of Study
Population
A total of 1787 healthy people were included in the sample,
including 902 men (50.5%) and 885 women (49.5%). The mean
age of the sample was 45.3 ± 15.2 years (range from 20 to 88
years) and the mean BMI was 23.5± 3.2 kg/m2 (range from 18.5
to 38.7 kg/m2). The normal weight, overweight, and obese groups
in the study population were 1,284, 434, and 69 individuals,
respectively. Table 1 shows the comparison of characteristics and
abdominal adipose parameters among different genders of the
study population. The age between the two groups were not
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statistically significant (44.0 vs. 46.0 years, P= 0.310), but height,
weight and BMI were significantly higher in men than in women
(P < 0.001). For abdominal adipose parameter analysis, men had
higher median VATA (120.9 vs. 67.2 cm2, P < 0.001), VATI (39.1
vs. 25.6 cm2/m2, P < 0.001) and TATA (244.0 vs. 221.0 cm2,
P = 0.004) than women. Compared to men, women had more
median SATA (116.9 vs. 146.7 cm2, P < 0.001), SATI (38.8 vs.
55.8 cm2/m2, P < 0.001), and TATI (81.2 vs. 83.7 cm2/m2, P =

0.003). The percentage of visceral obesity was significantly higher
in men than in women (60.8 vs. 30.4%, P < 0.001).

Correlation of Adipose Tissue Parameters
With Age and BMI
Table 2 shows the comparison of abdominal adipose parameters
across gender and age. Stratified by sex and age (20–29, 30–
39, 40–49, 50–59, ≥60 years), our data showed that abdominal
adipose parameters presented different trends of change in men
and women. In men, VATA and VATI gradually increased before
the age of 60 and decreased after the age of 60; While the SATA
and SATI showed an increasing trend with age before 40 years
old and a decreasing trend over 40 years old. While in women,
all adipose parameters (VATA, VATI, SATA, and SATI) increased
with increasing age. Correlation analysis showed that both VATI
and TATI were moderately and positively correlated with age (r
= 0.522, P < 0.001; r = 0.362, P < 0.001) in women, and the
correlation was higher than that in men (r = 0.254, P < 0.001;
r= 0.125, P < 0.001).

In addition, a weak positive correlation was observed between
SATI and age in women (r = 0.165, P < 0.001), while a weak
negative correlation was observed between SATI and age in men
(r=−0.066, P = 0.046) (Figure 2).

Figure 3 shows the correlations between BMI and abdominal
adipose parameters in different genders, and the results
showed that adipose parameters (VATI, SATI and TATI) were
significantly positively correlated with BMI in both men and
women (P < 0.001). Similarly, the adipose parameters (VATA,
VATI, SATA, SATI, TATA, and TATI) increased gradually
in normal weight, overweight and obese people (showed in
Supplementary Table 2).

Distribution of Visceral Obesity Across
Sex, Age, and BMI
Among women with normal BMI, the proportion of visceral
obesity increased progressively with age, with 3.5, 7.5, 14.1,
23.5, and 51.3% in 20–29, 30–39, 40–49, 50–59, and ≥60
years (Figure 4). Whereas among men with normal BMI, the
proportion of visceral obesity increased gradually before the age
of 60 years, but there was a slight decrease in the percentage
of visceral obesity in older men (≥60 years), with 22.8, 50.5,
57.1, 63.9, and 54.9% in 20–29, 30–39, 40–49, 50–59, and ≥60
years, respectively (Figure 4). It was noted that the percentage
of visceral obesity in both older men and older women with a
normal BMI was more than 50%. Among overweight or obese
(BMI ≥ 25 kg/m2) men and women, the proportion of visceral
obesity increased progressively with age, with corresponding
proportions of 46.2, 51.4, 52.5, 61.5, and 84.6% among women
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FIGURE 2 | Scatter graph depicting correlations between adipose tissue index (VATI, SATI, and TATI) and age classified according to sex.

aged 20–29, 30–39, 40–49, 50–59, and ≥60 years, respectively,
and 63.9, 88.9, 88.4, 96.6, and 100% among men, respectively
(Figure 4).

DISCUSSION

Adipose tissue, as an important part of body composition, plays
an important role in energy regulation. It also plays an important
role in regulating lipid metabolism, glucose metabolism,
insulin sensitivity, angiogenesis, appetite and inflammation
by producing adipokines (4). Analysis of body composition

parameters is a new method that can be easily obtained from CT
images. There are few studies on the percentage of normal BMI
with visceral obesity in healthy people in northern China. To this
end, we collected 1,787 healthy individuals from 4 representative
cities in northern China who underwent abdominal CT for
analysis of abdominal adipose distribution. We found differences
in the distribution of abdominal adipose tissue by gender, age and
BMI. The proportion of visceral obesity was significantly higher
in men than in women, regardless of age. Interestingly, we found
that the percentage of visceral obesity was high in both men and
women with normal BMI, and the percentage of visceral obesity
in older people was even more than 50%.
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FIGURE 3 | Scatter graph depicting correlations between adipose tissue index (VATI, SATI, and TATI) and BMI classified according to sex.

It is well known that the obesity epidemic constitutes a major
public health problem, as obesity increases the risk of many
diseases (14). The study showed that the regional distribution of
adipose tissue was a stronger predictor of health risk than overall
obesity (3). Abdominal adipose consists mainly of two types of
adipose tissue, visceral and subcutaneous adipose. For gender
analysis, our data showed that there were gender differences in
the distribution of VATA and SATA. VATA and VATI in males
were higher than those in females, while SATA and SATI in
females were higher than those in males. Sexual dimorphism
in the distribution of adipose tissue may be due to different
sex hormones (15). From an evolutionary point of view, it
may also be related to different reproductive strategies (16).

Studies have shown that men have a higher risk of metabolic
damage and related diseases (insulin resistance and type 2
diabetes) than women (17). VATA is closely associated with
insulin resistance and type 2 diabetes, cardiovascular disease,
hypertension, cancer, sleep apnea, and metabolic syndrome
(18). Therefore, men may have a higher risk of having more
visceral fat than women. It has also been reported that reduced
SATA is associated with metabolic syndrome in women, but
increased SATA has an adverse effect on metabolic syndrome
in men (19). Low SATA in women was also associated with
increased mortality in cirrhosis patients (20). Therefore, it is
more advantageous for women to have a high SATA and
men to have a low SATA. The present findings corroborate
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FIGURE 4 | Proportion of visceral adiposity in different age strata in people with different BMI.

that men have a higher risk of developing metabolic diseases
than women.

Our data showed that VATI was positively correlated with
increasing age for bothmale and female. VATA in women is more
susceptible to age. It has been reported that the prevalence of
cardiovascular disease increases with age, and there are more risk
factors for cardiovascular disease in the elderly than in the young
(18). This may be due to the fact that most elder people have
higher visceral fat than younger people.

The difference between men and women in VATA
accumulation decreased with the increase of age (21). It
has also been reported that premenopausal women have a
lower risk of cardiac metabolic disease than men of the same
age and BMI, but the risk of metabolic disease is similar in
postmenopausal women and men (22). Our data also illustrated
this phenomenon. The median VATA of premenopausal women
was lower than that of men of the same age and BMI, and
when older than 60 years, the median VAT of men and women
was similar (122.0 vs. 120.2 cm2). For subcutaneous adipose
tissue analysis, our data showed that the correlation between
subcutaneous adipose tissue and age was reversed between
men and women. A multicenter study has similar results, but
the underlying mechanism for this phenomenon needs further
investigation (23).

Visceral obesity has become a more reliable indicator of
obesity than BMI in Asian populations (24). Studies have shown

that visceral obesity may be a more useful clinical predictor
than BMI in predicting the outcome of laparoscopic colorectal
cancer surgery (25). A literature review has reported that high
VATA is also superior to BMI in assessing the severity and
prognosis of acute pancreatitis (26). Studies have also shown
that subjects with visceral obesity but without overall obesity
(VATA ≥ 100 cm2 plus BMI < 25 kg/m2) have more metabolic
risk factors than overall obese subjects without visceral obesity
(VATA < 100 cm2 plus BMI ≥ 25 kg/m2) (27). Therefore, not
all obese people develop diabetes and cardiovascular disease, and
these diseases seem to be associated with visceral obesity even
in lean people (28). Our results showed that the percentage of
visceral obesity was high in people with normal BMI, and the
percentage of visceral obesity in older people was even more than
50%. This prompts us that visceral obesity needs to be managed
more carefully in healthy people with normal BMI, otherwise
the risk of many underlying diseases may be overlooked. It has
been reported that quitting smoking and controlling healthy
drinking habits were essential to prevent visceral obesity and
related complications (29, 30). It has also been reported that
combined aerobic exercise and resistance exercise may reduce the
occurrence of sarcopenia obesity (31). Reducing visceral obesity
in general may reduce the risk of coronary heart disease and
metabolic disease in different populations (27).

Our study was not without its limitations. First, this study
was designed as a retrospective study, which may have selective
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bias. Second, risk factors associated with visceral obesity, such
as smoking, alcohol consumption, physical exercise and dietary
habits, were not included in our study. Therefore, we can conduct
a large sample, randomized, prospective study to further validate
our results.

In this study, we found that the distribution of abdominal
adipose tissue parameters measured by CT differed among sex,
age and BMI. Interestingly, we found that the percentage of
visceral obesity was high in both men and women with normal
BMI, and the percentage of visceral obesity in older people was
even more than 50%. Clinical and health guidelines generally
do not recommend the assessment and management of normal-
weight individuals with visceral obesity (32). The results of
the present study suggested that we pay more attention to the
problem of visceral obesity in normal weight people, and exercise
and maintaining a healthy lifestyle were especially important for
normal weight healthy people with visceral obesity.
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