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Background: Obesity can lead to the development of type 2 diabetes mellitus (T2DM). However, the predictive power of different
obesity anthropometric indices (ObAIs) for T2DM varies with race and geographical area. Therefore, the study aimed to investigate
the association between different ObAIs and T2DM and determine the best index for screening T2DM in middle-aged and elderly men
and women in Beijing, China.
Methods: A cross-sectional study was conducted in Shijingshan district (Beijing, China) from November 2011 to August 2012,
involving a total of 14,558 subjects aged ≥40 years. Data on demographic information, lifestyle, history of T2DM, hypertension and
dyslipidemia were collected. Body height, body weight, waist circumference (WC), hip circumference, and blood pressure were
recorded. The oral glucose tolerance test or a standard meal test and blood lipid test were performed. The relationship between
different ObAIs and T2DM was analyzed using multiple logistic regression.
Results: After adjustment for age, smoking status, alcohol intake, occupation and education degree, diabetes family history, hypertension and
dyslipidemia, bodymass index (BMI),WC,waist-to-hip ratio (WHR), andwaist-to-height ratio (WHtR)were positively associatedwith T2DM
in both men and women. Compared with the lowest BMI, WC, WHR, and WHtR quartiles, ORs of the highest quartiles were 2.131 (95% CI:
1.465–3.099), 1.752 (95% CI: 1.270–2.417), 1.342 (95% CI: 1.072–1.678), 2.739 (95% CI: 2.293–3.271) in men and 1.837 (95% CI:
1.584–2.130), 3.122 (95% CI: 1.980–4.924), 3.781 (95% CI: 2.855–5.007), 2.379 (85% CI: 2.040–2.775), respectively, in women. The areas
under ROC curve of BMI, WC,WHR, and WHtR for men were 0.584 (95% CI: 0.568–0.600), 0.509 (95% CI: 0.492–0.525), 0.501 (95% CI:
0.485–0.518), and 0.642 (95%CI: 0.627–0.658) and 0.619 (95%CI: 0.607–0.632), 0.709 (95%CI: 0.697–0.720), 0.741 (95%CI: 0.730–0.752),
and 0.654 (95% CI: 0.642–0.666), respectively, for women.
Conclusion:WHtR and WHR have been found to perform better as predictors of T2DM in middle-aged and elderly Chinese men and
women, respectively.
Keywords: obesity, anthropometric indices, type 2 diabetes mellitus, middle-aged and elderly, Chinese

Introduction
Due to changes in lifestyle habits, T2DM prevalence has rapidly increased in many countries, especially in a quickly
changing developing country such as China. The global diabetes prevalence in 2019 is estimated to be 9.3%, affecting
463 million people and among them, more than 90% have type 2 diabetes mellitus (T2DM).1 In China, prevalence of
T2DM has more rapidly increased from less than 1% in 19802 to 11.2% in 2017.3. Meanwhile, the worldwide prevalence
of overweight and obesity has also dramatically increased, affecting a third of the world’s population over the same time
period.4 This condition is particularly alarming in Asia.5 Up to 2020, more than half of adults are involved in overweight

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:15 1799–1807 1799
© 2022 Zhang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 23 January 2022
Accepted: 10 May 2022
Published: 11 June 2022

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-3344-3540
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


or obesity in China. A prospective cohort study has proven that the T2DM prevalence has grown in Chinese population
as a consequence of an overweight and obesity pandemic, the so-called diabesity.6 Therefore, early detection of obesity
can help in screening T2DM and identifying high-risk individuals.

It is well known that obesity is a major independent and modifiable risk factor for the risk of future T2DM and many
epidemiological studies have demonstrated that overweight/obesity was positively associated with an increased T2DM risk.7,8

Obesity anthropometric indices (ObAIs) are predictors of developing T2DM, including body mass index (BMI), waist circum-
ference (WC), waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR). BMI is one of the most commonly used ObAIs
representing overall obesity to identify the risk of future T2DM. However, it cannot distinguish between fat mass and fat-free
mass. Compared with BMI,WC,WHtR, andWHR are commonly used to define the central obesity.Many previous studies have
explored the relationship between different ObAIs and T2DM. A Japanese study showed that BMI could similarly predict the
presence of T2DM just as the WC in middle-aged subjects.9 Another study indicated that BMI was a better predictor of diabetes
than WC in young and middle-aged Chinese women.10 In contrast, a meta-analyses demonstrated that WHtR had significantly
greater discriminatory power compared with BMI for T2DM.11 A rural Bangladeshi population study reported that WHR was
more closely associated with T2DM than WC and BMI.12 The conclusions are uniform due to different enrolled populations.
Research studies have shown that predicting power of differentObAIs for T2DMvarieswith age, sex, region and ethnicity.13,14At
present, few studies have explored the association between different ObAIs and T2DM in middle-aged and elderly Chinese
population inNorthernChina. Therefore,we conducted this survey in order to investigate the association between differentObAIs
and T2DM and determine the best index for screening T2DM in adults aged 40 and older in northern China.

Methods
Study Population
This study was an urban-community-population-based cross-sectional survey, which used cluster sampling method. We
conducted this survey in Shijingshan district with estimated 616,000 permanent inhabitants (Beijing, China) from
November 2011 to August 2012. We randomly selected three communities with a total of 21,428 permanent inhabitants
aged 40 years and older in the district. Each household in the three communities was notified by telephone or door-to-door visit
by full-time community staff in order for everyone to be contacted. The subjects which refused to participate in this survey,
had poor health, had type 1 diabetes mellitus and were difficult to communicate with were excluded (n = 2154). Among them,
19,274 residents (men 6784; women 12,490) signed the informed consent before the investigation. The response rate was
89.9%. The subjects who had incomplete demographic information, no availability of fasting blood glucose or 2-hour blood
glucose (n = 129) were excluded, as were those with impaired glucose tolerance (IGT, n=4587). Finally, 14,558 individuals
with T2DM or NGTwere included in our study. The enrolled subjects were in the age range 40–93 years and in the BMI range
15.4–53.7kg/m2. A total of 4629 type 2 diabetic subjects were in the study, including 2524 diagnosed and 2105 undiagnosed
diabetes. Our study was approved by the Chinese PLA General Hospital Ethics Committee (NO.EC2012-046).

Sample Size Evaluation
In the study, we calculate the minimum sample size by using the formula n=tα2pq/d2 (where t=1.96, α=95% for both
sides; q=1 − p),15 p, which is the prevalence of T2DM in Chinese adults over 40 years of age, was 16.8%,16 and d, which
is the absolute error or precision, was 10% p in our study. The sample size was 5369 by calculating. The study included
14,558 subjects far exceeding the required sample size.

Clinical Data and Biochemical Indicators
Standard questionnaires, which included demography, lifestyle, history of diabetes, stroke, coronary heart disease (CHD),
hypertension and dyslipidemia, were completed by trained physicians. All subjects were checked by trained physicians
according to established standard methods. Physical examination items included body height, body weight, waist
circumference, hip circumference, blood pressure, and heart rate. Body height was measured at bare feet accurate to
0.1 cm. Body weight was measured in light clothes accurate to 0.1 kg. The waist circumference was measured at the
midpoint between the rib cage and iliac crests, while participants were fasting and gently exhaled, and the hip

https://doi.org/10.2147/DMSO.S359657

DovePress

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2022:151800

Zhang et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


circumference was measured at the level of the greater femoral trochanter. Waist circumference and hip circumference
were measured to an accuracy of 0.1 cm. Waist circumference/hip circumference (WHR) and waist circumference/height
(WHtR) were accurate to 0.01. BMI was calculated as weight (kg) divided by height squared (m2). Blood pressure was
measured in a sitting position for three times after 5-minute rest with an interval of 1 minute, using OMRON electronic
BP monitor. The average blood pressure was used for analysis. Triglyceride (TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were measured by chemiluminescent
on auto-analyzer. Glycosylated hemoglobin (HbA1c) was measured by high pressure liquid chromatography.

75g Oral Glucose Tolerance Test or Standard Meal Test
After at least 10 hours of overnight fasting, a venous specimen was collected for the measurement of plasma glucose.
Subjects without a history of diabetes were given a standard 75 g glucose solution, whereas subjects with a previous
history of diabetes were given a standard meal containing 80 g carbohydrates. Blood specimens for glucose measurement
were collected 2 hours after either the oral glucose tolerance test or the standard meal test. Blood glucose was measured
using the Hexokinase method on an auto-analyzer.

Definition
The diagnosis of diabetes mellitus was based on the 1999 World Health Organization standards, ie fasting blood glucose
≥7.0 mmol/L, or 2-hour blood glucose ≥11.1 mmol/L, or already using insulin and/or oral antidiabetic medicine, or a self-
reported history. The determination of hypertension was in accordance with the standards of Chinese Diabetes Society
(CDS) metabolic syndrome diagnosis (2020).17 The average blood pressure among the three measurements ≥140/90
mmHg, or taking antihypertensive medicine, was defined as hypertension. Determination of dyslipidemia was in
accordance with 2016 Chinese guidelines for the management of dyslipidemia in adults.18 Dyslipidemia was defined
as TC level of ≥5.2 mmol/L, or TG level of ≥1.7 mmo1/L, or HDL-C level of <1.0 mmol/L or LDL-C ≥3.4 mmol/L, or
taking lipid-regulating medicine. Smoking was defined as smoking one or more cigarettes daily for at least half a year.
Regular drinking was defined as at least once a week for half a year.

Statistical Analysis
Statistical analysis was performed on SPSS software version 16.0 (SPSS Inc., USA). Normally distributed continuous
variables were presented as means ± standard deviation (SD) as tested using t test. Non-normally distributed continuous
variables were presented as median (interquartile ranges) as tested using Wilcoxon rank sum test. Categorical variables
were presented as n (%). The percentage difference between groups was compared using χ2 test. Multiple logistic
regression was used to evaluate the association between different ObAIs and T2DM in three models with adjustment for
different confounders. In model 1, no confounders were adjusted. In model 2, some confounders were adjusted including
age, smoking status, alcohol intake, occupation and education degree, diabetes family history. In model 3, the analysis
was conducted after adjustment for age, smoking status, alcohol intake, occupation and education degree, diabetes family
history, hypertension and dyslipidemia. As a result of too many questions related to diet and physical exercise, which
could reduce the response rate of subjects, and therefore, we did not consider the diet and physical exercise factors in the
study. The optimal cut-off value was determined when the sum of sensitivity and specificity was maximal. The 2-tailed
test was used, and P < 0.05 was regarded as statistically significant.

Results
Baseline Characteristics of Subjects with T2DM or Normal Glucose Tolerance (NGT)
A total of 5144 men (T2DM 1917; NGT 3227) and 9414 women (T2DM 2712; NGT 6702) were included in the study.
The percentage of postmenopausal women was 77.4% in the study. Average age, BMI, WC, WHR, WHtR, systolic blood
pressure (SBP), diastolic blood pressure (DBP), TG, LDL-C, HbA1c, FPG, and PG2h levels were significantly higher in
T2DM subjects than those with NGT. HDL-C level was significantly lower in the subjects with T2DM than in the NGT
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population. Proportions of diabetes family history, hypertension and dyslipidemia were higher in T2DM group than in
NGT group (Table 1).

Multivariate Logistic Regression Between Different ObAIs and T2DM
We analyzed the association between different ObAIs and T2DM separately in men and in women. BMI quartiles were as
follows: <23.7 kg/m2, 23.7–25.5 kg/m2, 25.6–27.6 kg/m2, ≥27.7 kg/m2 in men; <23 kg/m2, 23–25.0 kg/m2, 25.1–27.5 kg/
m2, ≥27.6kg/m2 in women. Waist circumference quartiles were as follows: <81 cm, 81–86.4 cm, 86.5–91.9 cm, ≥92 cm
in men; <75.6 cm, 75.6–80.9 cm, 81–86.9 cm, ≥87 cm in women. WHR quartiles were as follows: <0.88, 0.88–0.90,
0.91–0.94, ≥0.95 in men; <0.83, 0.83–0.86, 0.87–0.90, ≥0.91 in women. WHtR quartiles were as follows: <0.49, 0.49–
0.51, 0.52–0.54, ≥0.55 in men; <0.48, 0.48–0.50, 0.51–0.54, ≥0.55 in women. Tables 2 and 3 show that BMI, WC, WHR,
and WHtR were positively associated with T2DM in both men and women. Compared with the lowest BMI, WC, WHR,
or WHtR quartiles, ORs of the highest quartiles were 2.131 (95% CI: 1.465–3.099), 1.752 (95% CI: 1.270–2.417), 1.342
(95% CI: 1.072–1.678), 2.739 (95% CI: 2.293–3.271) in men and 1.837 (95% CI: 1.584–2.130), 3.122 (95% CI: 1.980–
4.924), 3.781 (95% CI: 2.855–5.007), 2.379 (85% CI: 2.040–2.775), respectively, in women after adjustment for age,
smoking status, alcohol intake, occupation and education degree, diabetes family history, hypertension and dyslipidemia
(Tables 2 and 3). WHtR was more closely associated with T2DM than WC and WHR in men. However, in women, WHR
and WC were the best indices for predicting T2DM compared with BMI and WHtR.

Table 1 Baseline Characteristics of Subjects with T2DM and NGT

T2DM Group NGT Group P value

Male/female (n) 1917/2712 3227/6702 0.0000

Age (years) 60.6±8.5 56.4±7.6 0.0000

Education (n (%)) 0.0000
Primary school and lower 554(12.0) 535(5.4)

Junior high school 1711(37.0) 3105(31.3)

Senior high school 1731(37.4) 4563(46.0)
College and above 633(13.7) 1726(17.4)

BMI (kg/m2) 26.44±3.55 25.15±3.4 0.0000

WC (cm) 86.68±8.8 82.13±8.85 0.0000
WHR 0.91±0.06 0.87±0.07 0.0000

WHtR 0.54±0.05 0.51±0.05 0.0000

SBP (mmHg) 137.2±17.5 128.6±16.1 0.0000
DBP (mmHg) 75.9±10.4 75±9.7 0.0000

T-CHO (mmol/l) 5.22±1.08 5.19±0.97 0.0510

TG (mmol/l) 1.51(1.05–2.15) 1.20(0.87–1.70) 0.0000
HDL-C (mmol/l) 1.33±0.34 1.48±0.39 0.0000

LDL-C (mmol/l) 3.2±0.87 3.16±0.8 0.0090

HbA1c (%) 6.8(6.2–7.7) 5.7 (5.4–5.9) 0.0000
FPG (mmol/l) 7.28(6.33–8.70) 5.20(4.93–5.50) 0.0000

PG2h (mmol/l) 12.94(11.19–15.74) 6.16(5.37–6.86) 0.0000

Diabetes family history (n (%)) 1701(36.7) 2201(22.2) 0.0000
Smoking (n (%)) 846(18.3) 1764(17.8) 0.6580

Drinking (n (%)) 517(11.2) 1006 (10.1) 0.7240

Hypertension (n (%)) 3167 (68.4) 3552 (35.8) 0.0000
Dyslipidemia (n (%)) 3542(76.5) 6170(62.1) 0.0000

Notes: Age, BMI, WC, WHR, WSR, SBP, DBP, T-CHO, HDL-C, and LDL-C were presented as mean ± SD. TG, HbAlc, FPG, and PG2h were
presented as median (interquartile range) due to their skewed distribution. Comparison of Age, BMI,WC,WHR,WSR, SBP, DBP, T-CHO, HDL-
C, and LDL-C by t test. Comparison of TG, HbAlc, FPG, and PG2h by Wilcoxon rank sum test. Comparison of categorical variables by χ2 test.
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WSR, waist-to-stature ratio; SBP, systolic
blood pressure; DBP, diastolic blood pressure; T-CHO, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin Alc; FPG, fasting plasma glucose; PG2h, plasma glucose tested 2 hours
after oral glucose tolerance test or standard meal test; T2DM, type 2 diabetes mellitus; NGT, normal glucose tolerance.
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Table 2 OR and 95% CI for T2DM According to Quartiles of Different ObAIs in Men

ObAIs n (%) Model 1 Model 2 Model 3

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

BMI (kg/m2)

< 23.7 1283 (24.9) 1 – 1 – 1 –

23.7–25.5 1228 (23.9) 1.140 (0.963,1.350) 0.127 1.107 (0.929,1.318) 0.256 1.277 (1.000,1.629) 0.050

25.6–27.6 1305 (25.4) 1.396 (1.184,1.644) 0.000 1.369 (1.155,1.622) 0.000 1.661 (1.234–2.236) 0.001

≥ 27.7 1328 (25.8) 2.055 (1.749,2.415) 0.000 2.026 (1.715,2.395) 0.000 2.131 (1.465,3.099) 0.000

WC (cm)

< 81 1178 (22.9) 1 – 1 – 1 –

81–86.4 1389 (27.0) 1.304 (1.077,1.578) 0.006 1.276 (1.050,1.552) 0.014 1.255 (0.991,1.591) 0.060

86.5–91.9 1258 (24.5) 1.588 (1.305,1.931) 0.000 1.576 (1.290,1.925) 0.000 1.478 (1.119,1.953) 0.006

≥ 92 1319 (25.6) 2.104 (1.730,2.559) 0.000 2.042 (1.671,2.495) 0.000 1.752 (1.270,2.410) 0.001

WHR

<0.88 1389 (27.0) 1 – 1 – 1 –

0.88–0.90 1043 (20.3) 1.005 (0.823,1.228) 0.962 0.984 (0.802,1.208) 0.880 0.940 (0.760,1.161) 0.564

0.91–0.94 1554 (30.2) 1.188 (0.985,1.432) 0.071 1.184 (0.977,1.434) 0.085 1.092 (0.896,1.331) 0.383

≥ 0.95 1158 (22.5) 1.507 (1.219,1.863) 0.000 1.478 (1.188,1.837) 0.000 1.342 (1.072,1.678) 0.010

WHtR

< 0.49 1356 (26.4) 1 – 1 – 1 –

0.49–0.51 1217 (23.7) 1.520 (1.274,1.812) 0.000 1.495 (1.247,1.793) 0.000 1.314 (1.090,1.583) 0.004

0.52–0.54 1223 (23.8) 2.193 (1.847,2.604) 0.000 2.142 (1.794,2.557) 0.000 1.771 (1.475,2.126) 0.000

≥ 0.55 1348 (26.2) 3.565 (3.017,4.212) 0.000 3.427 (2.886,4.070) 0.000 2.739 (2.293,3.271) 0.000

Notes: Model 1: unadjusted; model 2: adjusted for age, smoking status, alcohol intake, occupation and education degree, diabetes family history; model 3: adjusted for age,
smoking status, alcohol intake, occupation and education degree, diabetes family history, hypertension and dyslipidemia. The association between different ObAIs and T2DM
in men was analyzed by multiple logistic regression.
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; T2DM, type 2 diabetes mellitus; ObAIs, obesity
anthropometric indices.

Table 3 OR and 95% CI for T2DM According to Quartiles of Different ObAIs in Women

ObAIs n (%) Model 1 Model 2 Model 3

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

BMI (kg/m2)

< 23 2337 (24.8) 1 – 1 – 1 –

23–25.0 2246 (23.9) 1.258 (1.090,1.451) 0.002 1.240 (1.066,1.441) 0.005 1.098 (0.938,1.286) 0.245

25.1–27.5 2461 (26.1) 2.103 (1.840,2.403) 0.000 1.980 (1.719,2.281) 0.000 1.576 (1.359–1.828) 0.000

≥ 27.6 2370 (25.2) 2.796 (2.449,3.192) 0.000 2.527 (2.196,2.907) 0.000 1.837 (1.584,2.130) 0.000

WC (cm)

< 81 2352 (25.0) 1 – 1 – 1 –

81–86.4 1989 (21.1) 1.953 (1.647,2.316) 0.000 1.822 (1.525,2.177) 0.000 1.508 (1.152,1.973) 0.000

86.5–91.9 2417 (25.7) 3.186 (2.723,3.729) 0.000 2.740 (2.324,3.230) 0.000 2.027 (1.412,2.908) 0.000

≥ 92 2656 (28.2) 6.513 (5.597,7.579) 0.000 5.188 (4.422,6.087) 0.000 3.122 (1.980,4.924) 0.000

WHR

< 0.83 2458 (26.1) 1 – 1 – 1 –

0.83–0.86 2168 (23.0) 1.826 (1.532,2.178) 0.000 1.677 (1.398,2.012) 0.000 1.387 (1.122,1.714) 0.000

0.87–0.90 2257 (24.0) 3.277 (2.768,3.881) 0.000 2.688 (2.254,3.206) 0.000 1.943 (1.530,2.467) 0.000

≥ 0.91 2531 (26.9) 7.824 (6.605,9.269) 0.000 5.811 (4.869,6.937) 0.000 3.781 (2.855,5.007) 0.000

WHtR

< 0.48 2475 (26.3) 1 – 1 – 1 –

0.48–0.50 1890 (20.1) 1.773 (1.518,2.072) 0.000 1.598 (1.358,1.881) 0.000 1.413 (1.192,1.675) 0.000

0.51–0.54 2551 (27.1) 2.788 (2.423,3.207) 0.000 2.383 (2.056,2.761) 0.000 1.923 (1.648,2.244) 0.000

≥ 0.55 2498 (26.5) 4.224 (3.679,4.850) 0.000 3.230 (2.789,3.740) 0.000 2.379 (2.040,2.775) 0.000

Notes: Model 1: unadjusted; model 2: adjusted for age, smoking status, alcohol intake, occupation and education degree, diabetes family history; model 3: adjusted for age,
smoking status, alcohol intake, occupation and education degree, diabetes family history, hypertension and dyslipidemia. The association between different ObAIs and T2DM
in women was analyzed by multiple logistic regression.
Abbreviations: BMI, body mass index; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; T2DM, type 2 diabetes mellitus; ObAIs, obesity
anthropometric indices.
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The areas under ROC curve of BMI, WC, WHR, and WHtR for men were 0.584 (95% CI: 0.568–0.600), 0.509 (95%
CI: 0.492–0.525), 0.501 (95% CI: 0.485–0.518), 0.642 (95% CI: 0.627–0.658) and 0.619 (95% CI: 0.607–0.632), 0.709
(95% CI: 0.697–0.720), 0.741 (95% CI: 0.730–0.752), 0.654 (95% CI: 0.642–0.666), respectively, for women (Figure 1).

A

B

Figure 1 ROC curves of ObAIs for T2DM in men (A) and in women (B).
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The optimal cut-off values of BMI and WHtR were 25.0 kg/m2 and 0.52, respectively, in men. The optimal cut-off values
of BMI, WC, WHR, and WHtR were 25.2 kg/m2, 82.9 cm, 0.90, and 0.51, respectively, in women.

Discussion
In the study, WHtR and WHR have been found to perform better as predictors of T2DM in middle-aged and elderly Chinese
men and women, respectively. The result is consistent with some previous Chinese studies. A large investigation, including
244,266 Chinese adults aged ≥20 years from seven nationwide health examination centers in China, found thatWHtR andWC
were better predictors of T2DM in both sexes.19 Wang et al have reported that WHtR was the best predictor for future T2DM
among men aged ≥50 years.20 Another recent study from China also demonstrated that WC and WHtR were more closely
related to T2DM than BMI among participants ≥40 years of age.21 A possible explanation is that WHtR, WC and WHR can
better reflect the accumulation of abdominal fat. Recent studies have suggested that abdominal obesity correlates more closely
to T2DM than general obesity, involving native Asians, Asian immigrants, and Europeans.22–24 Abdominal adiposity,
a feature of ectopic fat syndrome, is associated with chronic inflammation, abnormal hormone secretion and various metabolic
disturbances that contribute to insulin resistance and insulin secretory defect, resulting in T2DM.25 In particular, Asian
population is characterized by relatively higher body fat content at lower BMI values as compared with Caucasians,26 and
seems to be more prone to visceral fat accumulation,27 which accounts for the rapid increase in T2DM prevalence in China.
A recent cohort study has shown that abdominal obesity has a positive association with the risk of T2DM in Chinese middle-
aged and older adults with normal-BMI.28 In conclusion, the abdominal ObAIs should be more powerful and sensitive
predictors for T2DM compared with BMI. In our study, the ObAI for predicting T2DM was different between men and
women. A possible explanation is that the body fat distribution is different between men and women, especially in
postmenopausal women. In men, the adipose tissue is distributed throughout the body except for ectopic fat deposition in
the abdomen.WHtR eliminating the effect of height could reflect both general and central obesity. Postmenopausal women are
characterized by abdominal obesity because of aging and absence of estrogen protection, appearing as “apple” shape.29,30

WHR and WC are commonly used to reflect abdominal obesity. In our study, the average age of women was 56.9 years and
nearly 80% of participants were postmenopausal women.

According to our results, the power of BMI in predicting T2DM was inferior to WHR, WC, and WHtR in women.
Conversely, some Chinese studies showed that BMI was a better predictor for T2DM in women. Wang et al reported that
BMI was the best predictor for T2DM among women aged ≥50 years in Jinan, China.20 A cross-sectional study
conducted in Nantong, China, reported that the optimal ObAI related to T2DM was BMI for women aged ≥60
years.31 BMI reflecting overall obesity cannot distinguish between fat mass and fat-free mass. In addition, body fat
distribution would change according to menopausal status, with central obesity more pronounced in postmenopausal
women. Prospective research has demonstrated that WC is a better predictor of T2DM risk for postmenopausal Asian
women.32 The difference in conclusion was possible due to the small sample size in the above two studies.

In our study, the optimal cut-off value of WHtR was 0.52 similar with previous studies.19,33,34 The optimal cut-off
value of WC was 82.9 cm for women in our study. The result was in accordance with the Chinese metabolic syndrome
diagnostic cut-off value of WC from IDF.35

Our study provides simple, early, and economical screening parameters to detect a higher risk for incident T2DM in
middle-aged and elderly Chinese men and women.

The strengths of our study were the population-based design, large sample size, and excessive information on
confounders. Our study had some limitations. First, WC as an ObAI cannot distinguish between subcutaneous and
visceral adiposity in the abdomen. Secondly, our study was a cross-sectional survey, which cannot explore causality. We
anticipate more prospective surveys to evaluate the relationship between different ObAIs and T2DM. Thirdly, some
confounding factors such as physical activity and diet were not evaluated in the multivariate logistic regression analysis,
and therefore, we could not confirm the association between the above two confounders and T2DM. In addition to,
medication such as insulin may affect the body weight in the subjects with a history of T2DM, and therefore,
confounding bias was unavoidable. Finally, we conducted the survey in Beijing, and therefore, the results could not be
generalized to other regions in China.
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In summary, obesity, especially central obesity, is an independent and modifiable risk factor for T2DM development.
WHtR was the best index of men, and WHR followed by WC was the best index of women for predicting T2DM among
the population aged 40 and older that is at a higher risk of developing T2DM in Beijing, China. Therefore, it is very
important to strengthen obesity management for delaying and preventing T2DM development.
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