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Abstract

Background: Body composition is a crucial factor associated with the incidence of type 2 diabetes mellitus.
However, no study on this relationship has been performed in the Chinese population. This study aimed to
investigate the relationship between body composition indicators and risk of type 2 diabetes mellitus among
Chinese adults undergoing medical examination.

Methods: Between January 2018 and July 2018, a retrospective cross-sectional study was performed on 3367
(2307 male and 1060 female) participants aged ≥18 years undergoing medical examination in Zhengzhou. Logistic
regression analysis was performed to explore the relationship between body composition indicators and risk of type 2
diabetes mellitus. A receiver operating characteristic curve was used to calculate cutoff points and the predictive power
of each indicator.

Results: Among the 3367 participants, 12.53% were diagnosed with type 2 diabetes mellitus. Multivariate logistic
analysis indicated that male participants (odds ratio [OR] = 1.68, 95% confidence interval [CI]: 1.29–2.19), older
participants (OR = 1.05, 95% CI: 1.04–1.06), participants with a waist-to-hip ratio above the reference value (OR = 1.56,
95% CI: 1.18–2.07), participants with body fat percentage above the reference value (OR = 1.62, 95% CI: 1.01–2.68), and
participant with a large visceral fat area (OR = 1.01, 95% CI: 1.01–1.02) had a high risk of type 2 diabetes mellitus. Waist-
to-hip ratio, body fat percentage, and visceral fat area were the best indicators of type 2 diabetes mellitus (P < 0.001)
with cutoff values of 0.90, 25.02%, and 92.00 cm2, respectively.
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Conclusion: This study suggests a predictive relationship between type 2 diabetes mellitus and body composition
indicators of waist-to-hip ratio, body fat percentage, and visceral fat area, which are valuable for screening diabetes and
providing effective health education and behavioral intervention for high-risk populations.
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Background
Diabetes is a condition that results from defective regula-
tion of blood glucose, resulting in increased blood glucose
levels [1–3]. Type 2 diabetes mellitus (T2DM) is the most
common form of diabetes, accounting for approximately
90% of diabetes cases. The 2017 International Diabetes
Federation (IDF) report showed that the number of dia-
betes patients in China reached 114.4 million in 2017,
with 61.3 million (53.6%) newly diagnosed patients [4].
The increased incidence of T2DM has been linked to sev-

eral risk factors, including population aging, economic de-
velopment, urbanization, and obesity due to sedentary
lifestyles and excessive eating [5–7]. Excessive accumulation
of visceral fat leads to an imbalance in endocrine function
and the release of pro-inflammatory factors, which may re-
sult in the development of insulin resistance and T2DM [8,
9]. Therefore, it is important to explore an effective meas-
urement method to assess obesity—especially abdominal
obesity—for early diagnosis and treatment of diabetes. Pre-
vious studies have explored body mass index (BMI), waist
circumference, waist-to-hip ratio, and waist-to-height ratio
as measures of obesity [10–12]. However, these measures
are limited in their assessment of body composition and
lack sensitivity in diagnosing T2DM. Recently, bioelectrical
impedance analysis (BIA) has been developed to measure
body composition [13], which has been shown to be a more
convenient and less invasive method for assessing abdom-
inal obesity and fat distribution.
Although there have been various epidemiological

studies to determine the association between body com-
position indicators and risk of T2DM in other countries
[14–16], no such study has been performed in China,
the most populated country in the world.
This study aimed to investigate the relationship between

body composition indicators and the risk of T2DM in Chin-
ese adults undergoing medical examination. In addition, the
receiver operating characteristic (ROC) curve was used to
determine the best cutoff value of body composition indica-
tors. These findings will not only provide a reference for
T2DM screening and primary means for prevention but
also enrich the research pool within the field of diabetes.

Material
Study population
The data of 3367 (2307 male and 1060 female) partici-
pants who underwent medical screening conducted

between January 2018 and July 2018 at a tertiary hospital
in Henan Province, China, were retrospectively analyzed.
The participants were included if they met the following
criteria: (1) aged ≥18 years and (2) examination of body
composition using the BIA. The following participants
were excluded from the study: those with (1) a history of
chronic liver and kidney disease, thyroid disease, parathy-
roid disease, cancers, and type 1 diabetes; (2) a history of
taking steroids; and (3) a history of taking hormonal
agents. The inclusion/exclusion information was obtained
from medical records and pre-examination inquiries.

Measurement methods
Blood glucose
A total of 2mL of venous blood was collected in the fasted
state. Blood glucose level was then measured with a gluc-
ometer. According to the IDF Diabetes Atlas (8th Edition,
2017), the diagnostic criteria for diabetes were as follows:
(1) fasting blood glucose ≥7.0mmol/L (126mg/dL), (2)
blood glucose 2 h after the 75-g oral glucose tolerance
test ≥11.1 mmol/L (200 mg/dL), (3) random blood glu-
cose > 11.1 mmol/L (200 mg/dL), and (4) fulfillment of
any one of the three criteria mentioned above or prior
history of diabetes [4].

Body composition analysis
Body composition was measured by BIA using the InBody
770 (InBody Co., Ltd., Seoul, Korea), which consists of a
patented 8-point tactile electrode system that estimates seg-
mental composition, including body water, muscle mass,
waist-to-hip ratio, body fat percentage, and visceral fat area
(VFA). This widely used measurement is safe, non-invasive,
and highly precise with comprehensive indicators and short
measurement time [17]. Before the examination, the partic-
ipants were required to empty their bowels and bladder,
maintain a fasted state, wear light clothes, expose their
limbs for electrode attachment, and rest for 5min to ensure
that accurate measurements were captured.

Judgment standards
The participants were deemed to have T2DM if they
had a fasting blood glucose level of ≥7.0 mmol/L (126
mg/dL), if they had a 2 h postprandial blood glucose
level of > 11.1 mmol/L (200mg/dL), or in cases of self-
reported diabetes [18]. Waist-to-hip ratio was classified
as normal or over-standard with cutoff levels for normal
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classification at 0.9 for males and 0.8 for females [19].
The normal range of body fat percentages in males and
females was 10–20% and 18–28%, respectively. On the
basis of the criteria for overweight and obesity reported
by the Working Group on Obesity in China, a BMI of
≥24.0 kg/m2 was considered to indicate overweight or
obesity and a BMI of < 24.0 kg/m2 was considered nor-
mal or low [20]. All the participants were classified into
normal/low or over-standard groups.

Statistical analysis
Mean ± standard deviation was used for continuous vari-
ables, while counts and percentages were used for cat-
egorical data. Student’s t-test and the Chi-square test
were applied to examine the differences in T2DM and
its subscales among groups. Multiple logistic regression
analysis was performed to estimate the predictors of
T2DM. The area under the ROC curve was used to pre-
dict the optimal cutoff point for T2DM. Statistical ana-
lysis was performed using IBM statistics (SPSS) V.17.
The significance level was set at α = 0.05.

Results
Overall, 3367 participants were included in the study:
2307 (68.52%) males and 1060 (31.48%) females. The
average age of the participants was 52.57 ± 15.61 years.
In total, 1974 participants (58.63%) were deemed over-
weight or obese (BMI ≥ 24.0 kg/m2). In the over-
standard group, there were 2477 (73.57%) and 2909
(86.40%) participants, on the basis of their waist-to-hip
ratio and body fat percentage, respectively. The average
VFA of the participants was 94.76 ± 34.01 cm2. Among
the participants, 12.53% were diagnosed with T2DM
(Table 1).
Differences in the indicators among participants with

and without T2DM were analyzed by the chi-square test
and independent sample t-test. The results showed that
the detection rate of T2DM was higher for males than
for females (14.35% vs. 8.58%, χ2 = 22.00, P < 0.001). The
mean age was higher in theT2DM group than in the no-
T2DM group (63.02 ± 13.21 years vs. 51.07 ± 15.35 years,
t = 14.76, P < 0.001). The frequency of waist-to-hip ratio
above the reference value (13.85%), obesity or over-
weight by BMI (14.74%), body fat percentage above the
reference value (13.78%), and mean VFA (104.60 ± 34.71
cm2) was higher in the T2DM group than in the no-
T2DM group. The differences were all statistically sig-
nificant (P < 0.05) (Table 2).
After adjusting for age and sex, the results of logistic

regression analysis for risk factors of T2DM showed that
the over-standard waist-to-hip ratio (odds ratio [OR] =
1.56, 95% confidence interval [CI]: 1.18–2.07, P = 0.002),
body fat percentage above the reference value (OR =
1.62, 95% CI: 1.01–2.68, P = 0.049), and large VFA (OR =

1.01, 95% CI: 1.01–1.02, P = 0.001) are important pre-
dictors of T2DM (Table 3).
The ROC curves of the significant body composition

indicators (waist-to-hip ratio, body fat percentage, VFA)
from regression analysis were used to further determine
the predictive effect of those indicators on T2DM. Ac-
cording to the ROC curves, the waist-to-hip ratio, body
fat percentage, and VFA had predictive effects on T2DM
(P < 0.001) among all participants with predictive cutoff
values of 0.90, 25.02%, and 92.00 cm2, respectively.
Among male participants, the predictive effects of waist-
to-hip ratio, body fat percentage, and VFA on T2DM
were statistically significant (P < 0.05) with predictive
cutoff values 0.93, 25.02%, and 74.15 cm2, respectively.
Among female participants, the predictive effects of
waist-to-hip ratio, body fat percentage, and VFA on
T2DM were statistically significant (P < 0.05) with pre-
dictive cutoff values of 0.89, 36.60%, and 90.15 cm2, re-
spectively (Table 4).

Discussion
Diabetes is the third leading cause of death worldwide,
posing a serious threat to human health and exerting a
heavy burden on patients, patients’ families, and society
[21–23]. Epidemiological studies have shown that effect-
ive prevention and control of T2DM can have enormous
social and economic benefits by delaying or reducing the
onset of disease and related complications [24]. The par-
ticipants in this study were a group of people

Table 1 General situation analysis of medical examination
population

Characteristics Number (n) Percentage (%)

Sex

Males 2307 68.52

Females 1060 31.48

Age(x ± s, years) 52.57 ± 15.61

BMI

< 24.0 kg/m2 1393 41.37

≥ 24.0 kg/m2 1974 58.63

Waist-to-hip ratio

Normal 890 26.43

Over-standard 2477 73.57

Body fat percentage

Normal or under 458 13.60

Over-standard 2909 86.40

VFA(x ± s, cm2) 94.76 ± 34.01

Type 2 diabetes

Yes 422 12.53

No 2945 87.47

Abbreviations: BMI body mass index, VFA visceral fat area
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undergoing medical examination in a Grade A Class 3
hospital in Henan Province. The prevalence of T2DM
was 12.53% in this study, which was higher than the
prevalence reported by Yang W et al. in 2007, i.e., 9.7%
[25] and closer to the prevalence reported by Xu Y et al.
in 2010, i.e., 11.6% [26]. This difference may be due to
the different screening conditions of participants.
T2DM is known to have an insidious onset and can easily

lead to serious complications that threaten human health.
Accelerated rhythm of life, unhealthy diet, and sedentary life-
style lead to storage of excess nutrients in the body and
changes in body composition, resulting in metabolic distur-
bances [27]. Studying the relationship between body com-
position and T2DM is thus beneficial, as measurements of
body composition can enable timely and effective identifica-
tion of risk factors for T2DM, facilitating its early prevention.

Logistic regression analysis showed that male sex,
old age, waist-to-hip ratio over the reference value,
body fat percentage over the reference value, and
large VFA were positively correlated with T2DM. The
prevalence rate of T2DM was 1.68 times higher in
males than in females, likely due to differences in life-
style and work stress [25, 26]. In addition, the risk of
T2DM increased because of changes in metabolism
related to old age. Old age has become one of the
established risk factors for T2DM. The results showed
that while waist-to-hip ratio, body fat percentage, and
VFA were associated with T2DM, BMI was not sig-
nificantly associated with it. This suggested that the
accumulation of abdominal fat is positively correlated
with the onset of T2DM, and future research must
explore the relationship between abdominal obesity
and T2DM on a larger scale.
The ROC curve was used to evaluate the predictive

value of various body composition indicators associated
with the risk of T2DM. The average age of the study
population was 52.57 ± 15.61 years. Because of differ-
ences in physiological changes and metabolism between
males and females, in this study, we conducted a sex-
based analysis apart from the overall population study to
clearly show the risk factors of T2DM across sexes.
Among all participants, the waist-to-hip ratio had a
stronger predictive effect on T2DM with an optimal cut-
off value of 0.90. Among male participants, the waist-to-
hip ratio and body fat percentage showed strong predict-
ive effects with optimal cutoff values of 0.93 and 25.02%,
respectively. The predictive effect of the waist-to-hip ra-
tio on T2DM in the male population suggests an adverse
risk of abdominal obesity in males. Reducing abdominal
fat accumulation may reduce the occurrence and devel-
opment of male T2DM.
Among female participants, VFA had the strongest pre-

dictive effect on T2DM with a cutoff point of 90.15 cm2,
which was lower than the previous VFA cutoff value i.e.

Table 2 Comparison of relevant indicators between participants
with and without T2DM

Variables With T2DM Without T2DM χ2/t P

Sex (n, %) 22.00 < 0.001

Males 331 (14.35) 1976 (85.65)

Females 91 (8.58) 969 (91.42)

Age(x ± s, years) 63.02 ± 13.21 51.07 ± 15.35 17.02 < 0.001

Waist-to-hip ratio (n, %) 14.76 < 0.001

Normal 79 (8.88) 811 (91.12)

Over-standard 343 (13.85) 2134 (86.15)

BMI (n, %) 21.22 < 0.001

< 24.0 kg/m2 131 (9.40) 1262 (90.60)

≥ 24.0 kg/m2 291 (14.74) 1683 (85.26)

Body fat percentage (n, %) 30.55 < 0.001

Normal or under 21 (4.59) 437 (95.41)

Over-standard 401 (13.78) 2508 (86.22)

VFA(x ± s, cm2) 104.60 ± 34.71 93.34 ± 33.67 6.40 < 0.001

Abbreviations: BMI body mass index, VFA visceral fat area

Table 3 Logistic regression analysis of risk factors of T2DM in medical examination population

Characteristics β SE Wald OR(95%CI)a P-value

Constant term − 7.82 0.59 177.87 < 0.001

Sex (Females as a reference)

Males 0.52 0.14 14.84 1.68 (1.29–2.19) < 0.001

Age (years) 0.05 0.00 168.55 1.05 (1.04–1.06) < 0.001

Waist-to-hip ratio (normal as a reference)

Over-standard 0.45 0.14 9.84 1.56 (1.18–2.07) 0.002

Body fat percentage (normal or low as a reference)

Over-standard 0.48 0.26 3.60 1.62 (1.01–2.68) 0.049

VFA (cm2) 0.01 0.00 11.23 1.01 (1.01–1.02) 0.001

Abbreviations: OR odds ratio, VFA visceral fat area, CI confidence interval, T2DM type 2 diabetes mellitus
aOR adjusted for BMI
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100 cm2 [28]. The lower predictive cutoff value may be
attributed to population diversity. Among all body
composition indicators, body fat percentage and VFA
showed the strongest predictive effects on T2DM.
Monitoring body composition indicators, specifically
body fat percentage and VFA, can help identify under-
lying obesity in a timely manner, which is of great
significance for reducing the onset and complications
of T2DM.
This study has some limitations. First, this study was a

cross-sectional study design, which restricted the pre-
dictive effect of the temporality and causality of the ob-
served relationships. Second, the participants were
selected from the medical examination population in
one hospital, thus making selection bias unavoidable.
Third, other potential predictors of T2DM (socioeco-
nomic status, history of chronic disease, etc.) were not
studied in our research. In the future, multi-center co-
hort studies, covering populations from different regions
and including more influential factors, should be consid-
ered to verify the results of this study.

Conclusions
The results of this study showed a high prevalence rate
of T2DM associated with body composition indicators.
Age, sex, waist-to-hip ratio, body fat percentage, and
VFA were independent risk factors for T2DM. Waist-to-
hip ratio and VFA had strong predictive effects on
T2DM. The comprehensive measurement of human
body composition and associated risk assessment system
could provide an important diagnostic tool for individu-
alized prevention of T2DM.

Abbreviations
AUC: Area under curve; BMI: Body mass index; CI: Confidence interval;
HbA1c: Hemoglobin A1c; OR: Odds ratio; ROC: Receiver operating
characteristic; SD: Standard deviation; VFA: Visceral fat area; T2DM: Type 2
diabetes mellitus
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