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Abstract
Background: Obesity is associated with type 2 diabetes mellitus (T2DM), but the obesity index most
closely related to type 2 diabetes is still controversial. Therefore, the aim of this study was to compare the
associations of �ve anthropometric indices (body mass index (BMI), body adiposity index (BAI), waist
circumference (WC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR)) with Type 2 diabetes
mellitus (T2DM) among Chinese adults divided into four groups according to sex and age.

Methods: A total of 4,007 adult participants (1,669 males and 2,338 females) were included. Odds ratios
(OR) and 95% con�dence intervals were used with binary logistic regression models to estimate the risk
of T2DM for each obesity index. Furthermore, we compared the area under the ROC curve (AUC) of each
obesity index for the criterion of hypertension under the in�uence of risk factors.

Results: For the males, WC had the highest value of OR (3.211 and 1.452) and AUC (0.783 and 0.614) in
both age groups. However, WHtR (OR=2.366, AUC=0.771) and BMI (OR=1.596, AUC=0.647) tended to be
the best criteria for T2DM among females in the 18-59 and ≥60 years age groups, respectively.

Conclusions: This study suggests that there is a positive association of obesity-related anthropometric
indices with T2DM in different sex and age groups. For males, WC appears to be the best anthropometric
index for predicting T2DM. For 18-59 and ≥60 age women, the best obesity indices related with T2DM
are WHtR and BMI, respectively.

Background
Type 2 diabetes mellitus (T2DM), the most common form of diabetes, accounted for more than 96
percent of cases [1]. In China, the prevalence of type 2 diabetes has risen to 11.6% [2], affecting more
than 100 million adults and making it the world's largest number of sufferers [3]. Previous studies have
shown that weight gain is an independent risk factor for diabetes, while abdominal obesity is associated
with T2DM [4–6]. Anthropometric indices used to de�ne obesity can help in the identi�cation of
individuals or groups of people with a variety of speci�c health thresholds [7]. The commonly used
anthropometric indices of obesity are body mass index (BMI), body adiposity index (BAI), waist
circumference (WC), waist-to-hip ratio (WHR), and waist-to-height ratio (WHtR) [8].

Some foreign studies have been conducted to assess the relationship between anthropometric obesity
indices and T2DM [9–10]; however, the results of these studies are inconsistent. A cross-sectional study
in the population of northern Iran showed that while WHR (AUC = 0.7303 in men, AUC = 0.7529 in women)
had an appropriate discriminatory capability for T2DM, BAI and BMI did not. [11] Another hospital-based
cross-sectional study conducted among 363 consecutively selected T2DM showed that WHtR (AUC = 
0.85) and WC (AUC = 0.79) was the best predictor of metabolic syndrome for women and men,
respectively [12]. Similar studies have been done in China, but unfortunately the results are not consistent
even in the same country. A study of people over the age of 50 in Jinan showed the best indicator of the
relationship between obesity and T2DM is WHtR (OR = 2.572) for men and BMI (OR = 2.764) for women,
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respectively [13]. However, another study in Changchun showed that WHtR (AUC = 0.628 in men, AUC = 
0.676 in women) is the best index to predict T2DM in Chinese adults [14].

The inconsistency of the optimal indicators obtained in the previous studies may be related to ethnic and
regional differences [15–18]. In addition, previous studies have strati�ed studies by age or sex without
cross-grouping, and the association between obesity indicators and type 2 diabetes in different sex and
age groups remains unclear. Therefore, the aim of this study was to compare the associations of �ve
anthropometric indices (BMI, BAI, WC, WHR, and WHtR) with T2DM among Chinese adults divided into
four groups according to sex and age and to supplement similar studies in different regions of China. The
thresholds of these anthropometric indices for obesity were also evaluated as a reasonable predictor of
T2DM.

Methods
Study design and participants

The participants in this study were adult subjects who were enrolled from the baseline survey of the
Chronic Disease Study in 2018, which was a cross-sectional study based on urban community-dwelling
residents in the Chongchuan district with an estimated 720,000 permanent residents, Nantong City,
Jiangsu Province, China.

In the �rst stage of the enrollment, all 10 blocks of the Chongchuan district were selected and one
residential community was randomly selected from each of the blocks. In the second stage, systematic
sampling was conducted to select 450 households in each residential community. In the third stage,
residents who were older than 18 years and had lived in the district for at least one year were selected
from each household. Finally, a total of 12,092 people from 4,500 households were recruited to complete
the questionnaires and undergo the relevant physical examinations. 4,035 participants (about 1/3) were
randomly selected and fasting blood was drawn to measure plasma blood glucose (FPG). Twenty-eight
people were excluded because they provided no information about weight, height, WC, or hip
circumference or had a history of type  diabetes, leaving a total of 4,007 participants for the �nal
analyses (Figure.1).

Sample size evaluation

We calculated the minimum sample size required by using the following formula:

In this formula,  at 5% type I error; p, which is the prevalence of T2DM among Chinese
adults, was about 10% [20]; and d, which is the absolute error or precision, p was 10% in our study. In
addition, as the multi-stage random sampling method was used in our study. Therefore, the minimum
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sample size for our study was 3,600. The �nal sample size we selected for analysis was large enough
compared to the number we calculated.

Data collection

A trained investigator from the Center for Disease Control and Prevention of the Chongchuan district in
Nantong and the School of Public Health in Nantong University interviewed each participant using
standardized questionnaires and collected information on demographic data (age, sex, education, etc.),
lifestyle behaviors (such as smoking, alcohol consumption, etc.), and family disease history
(hypertension, diabetes).

Physical examination

Anthropometric indices were measured by trained staff who followed standard procedures. Height was
measured using a standard stadiometer; each participant underwent the measurement without shoes.
Weight was measured to the nearest 0.1 kg using an electronic scale, with the subjects wearing light
indoor clothing. WC was measured to the nearest 0.1 cm at the midpoint between the lowest rib margin
and the level of the anterior superior iliac crest using a �exible anthropometric tape. HC was measured to
the nearest 0.1 cm at the greatest protrusion of the gluteal muscles. Blood plasma glucose
measurements required participants to designate a hospital for measurement on an empty stomach the
morning of the test.

This study was in accordance with the World Medical Association Declaration of Helsinki-Ethical
Principles for Medical Research Involving Human Subjects and was approved by the Ethics Committee of
The Third People's Hospital of Nantong City (No: EK2018009; June 18th, 2018). A written informed
consent form was obtained from each participant after they were informed of the objectives and bene�ts
of this study.

De�nitions of variables

Patients who had type 2 diabetes mellitus were de�ned as those who had been diagnosed in a secondary
hospital or who had FPG ≥7.0mmol/L in the fasting blood glucose testing [21]. BMI was calculated as
weight (kg) divided by the square of height (m2). According to “the standards of the Chinese guidelines
for the prevention and control of overweight and obesity in adults,” BMI≥24 kg/m2 and ≥28 kg/m2 was
regarded as being overweight and obese, respectively [22]. Body adiposity index (BAI) was measured
using the formula [hip circumference (cm)/height1.5 (m)] – 18, BAI≥25.5 kg/m2 & ≥29.0 kg/m2 for
males, ≥30.5 & ≥35.0 for females was regarded as being overweight and obese [23]. WC ≥90 cm for
males and ≥80 cm for females were de�ned central obesity. WHR was calculated as WC (cm) divided by
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HC (cm), with values >0.9 for males and >0.8 for females indicating central obesity. WHtR was calculated
as WC (cm) divided by height (cm), and values ≥0.5 indicated obesity [22].

Statistical Analyses

All quantitative variables were described as mean and standard deviation (SD) for normal distributions,
whereas qualitative data were described as percentages. The student t test and chi-square test were used
to estimate the difference between quantitative and qualitative data of different groups, respectively. The
following weight variables were estimated in this study: BMI, BAI, WC, WHR, and WHtR. Odds ratios (OR)
and 95% con�dence intervals (95%CI) were used with binary logistic regression models to estimate the
risk of T2DM for each obesity index.

For each index, receiver operating characteristic (ROC) curve analysis was used to identify the value with
the Youden index as a predictor of T2DM. P values < 0.05 were considered signi�cant. The statistical
analyses were performed using SPSS 24.0 for Windows.

Results
The demographic data for the 12,064 eligible participants included in this study are shown in Table 1.
The mean age of the participants was 61.78 ± 14.95 years, and at the age of 60, the population was
divided into two groups. Naturally, the prevalence of T2DM increased with increasing age. The ratio of
male to female participants was 1:0.71, and males had a higher risk of T2DM than females. Regarding
education, participants who had primary school or lower education accounted for the highest percentage
(44.1 percent). The higher the education level, the lower the risk of T2DM. In addition, smoking status,
alcohol drinking status, positive family history of diabetes and hypertension were signi�cantly correlated
with T2DM. Finally, there was a statistically signi�cant difference between participants who had T2DM
and those who did not with BMI, WC and WHtR.
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Table 1
Sociodemographic and Lifestyle Characteristics distribution among participants

Variable Total (n = 
4007)

No diabetes (n = 
3376)

Diabetes (n = 
631)

t/OR (95%CI) P

Age 61.78 ± 
14.95

60.36 ± 15.34 69.4 ± 9.54   < 
0.001

18- 3376(84.3) 1390(94.0) 1986(78.5) 1  

60- 631(15.7) 88(6.0) 543(21.5) 4.319(3.413–
5.465)

< 
0.001

Sex          

Male 1669(41.7) 1382(40.9) 287(45.5) 1  

Female 2338(58.3) 1994(59.1) 344(54.5) 0.831(0.700-
0.986)

0.034

Education          

Primary school and
lower

1236(30.8) 958(28.4) 278(44.1) 1  

Secondary school 1252(31.2) 1050(31.1) 202(32.0) 0.663(0.542–
0.811)

< 
0.001

High secondary
school

838(20.9) 727(21.5) 111(17.6) 0.526(0.414–
0.669)

< 
0.001

College or
university

386(9.6) 360(10.7) 26(4.1) 0.249(0.164–
0.379)

< 
0.001

Bachelor and
higher

295(7.4) 281(8.3) 14(2.2) 0.172(0.099–
0.298)

< 
0.001

Smoking          

No 3479(86.8) 2938(87.0) 541(85.7) 1  

Yes 446(11.1) 380(11.3) 66(10.5) 0.943(0.715–
1.244)

0.679

Quit 82(2.0) 58(1.7) 24(3.8) 2.247(1.384–
3.648)

0.001

Alcohol drinking          

No 3224(80.5) 2723(80.7) 501(79.4) 1  

Yes 726(18.1) 612(18.1) 114(18.1) 1.012(0.811–
1.263)

0.913

p < 0:05, statistically signi�cant.
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Variable Total (n = 
4007)

No diabetes (n = 
3376)

Diabetes (n = 
631)

t/OR (95%CI) P

Quit 57(1.4) 41(1.2) 16(2.5) 2.121(1.181–
3.809)

0.012

Sweet tooth          

No 3844(95.9) 3232(95.7) 612(97.0) 1  

Yes 163(4.1) 144(4.3) 19(3.0) 0.697(0.429–
1.133)

0.145

Physical activity          

No 1969(49.1) 1658(49.1) 311(49.3) 1  

Yes 2038(50.9) 1718(50.9) 320(50.7) 0.993(0.838–
1.177)

0.935

Family history          

No 3708(92.5) 3192(94.5) 516(81.8) 1  

Yes 299(7.5) 184(5.5) 115(18.2) 3.866(3.008–
4.969)

< 
0.001

Hypertension          

No 2721(67.9) 2360(69.9) 361(57.2) 1  

Yes 1286(32.1) 1016(30.1) 270(42.8) 1.737(1.422–
2.054)

< 
0.001

BMI, kg/m2          

Normal 2064(51.5) 1801(53.5) 258(41.0) 1  

Overweight/obesity 1941(48.5) 1570(46.5) 371(59.0) 1.650(1.388–
1.961)

< 
0.001

WC, cm          

Normal 1829(45.6) 1603(47.5) 226(35.8) 1  

Overweight/obesity 2178(54.4) 1773(52.5) 405(64.2) 1.620(1.358–
1.932)

< 
0.001

BAI          

Normal 2591(64.7) 2253(66.7) 338(53.6) 1  

Overweight/obesity 1416(35.3) 1123(33.3) 293(46.4) 1.739(1.464–
2.066)

< 
0.001

p < 0:05, statistically signi�cant.
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Variable Total (n = 
4007)

No diabetes (n = 
3376)

Diabetes (n = 
631)

t/OR (95%CI) P

WHR          

Normal 972(24.3) 831(24.6) 141(22.3) 1  

Overweight/obesity 3035(75.7) 2545(75.4) 490(77.7) 1.135(0.926–
1.390)

0.222

WHtR          

Normal 2528(63.1) 2206(65.3) 322(51.0) 1  

Overweight/obesity 1479(36.9) 1170(34.7) 309(49.0) 1.809(1.524–
2.148)

< 
0.001

p < 0:05, statistically signi�cant.
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Table 2
Anthropometric measurement characteristics of participants

Variable No
T2DM

T2DM P Variable No
T2DM

T2DM P

Male
(age:18–59)

      Female
(age:45–59)

     

BMI (kg/m2) 24.11 ± 
2.72

25.78 ± 
2.92

0.053 BMI (kg/m2) 23.21 ± 
2.90

25.06 ± 
3.19

< 
0.001

BAI 25.01 ± 
4.50

27.26 ± 
4.86

0.048 BAI 26.62 ± 
4.27

29.28 ± 
3.60

< 
0.001

WC (cm) 85.71 ± 
7.90

88.74 ± 
7.84

0.021 WC (cm) 80.14 ± 
6.63

84.53 ± 
7.87

< 
0.001

WHR 0.89 ± 
0.06

0.88 ± 
0.06

0.591 WHR 0.87 ± 
0.06

0.87 ± 
0.05

0.990

WHtR 0.49 ± 
0.05

0.52 ± 
0.04

0.001 WHtR 0.49 ± 
0.04

0.52 ± 
0.05

< 
0.001

Male (age:
≥60)

      Female (age:
≥60)

     

BMI (kg/m2) 24.27 ± 
3.39

24.66 ± 
3.32

0.112 BMI (kg/m2) 24.12 ± 
3.14

25.18 ± 
4.16

< 
0.001

BAI 25.45 ± 
5.43

25.61 ± 
4.83

0.536 BAI 29.08 ± 
4.83

30.09 ± 
4.86

0.001

WC (cm) 86.54 ± 
7.83

87.84 ± 
8.52

0.033 WC (cm) 83.46 ± 
8.08

85.48 ± 
7.84

< 
0.001

WHR 0.90 ± 
0.05

0.91 ± 
0.13

0.147 WHR 0.88 ± 
0.06

0.89 ± 
0.10

0.334

WHtR 0.51 ± 
0.05

0.51 ± 
0.05

0.052 WHtR 0.52 ± 
0.05

0.54 ± 
0.05

< 
0.001

BMI, body mass index; BAI, body adiposity index; WC, waist circumference; WHR, waist-to-hip ratio;
WHtR, waist-to-height ratio.

Values are presented as mean ± SD.

p < 0.05, statistically signi�cant.

Considering the confounding effect of age and sex, we divided the participants into four subgroups
based both variables. In all four subgroups, people who had T2DM had higher WC than the controls (P < 
0.05) and WHR was not signi�cantly different between the T2DM group and the controls (P > 0.05).
However, for males, BMI was not signi�cantly different between the T2DM group and the controls (P > 
0.05), whereas in the female groups, BMI was higher in the T2DM group. Moreover, BAI and WHtR was
higher in the T2DM group excluding the male ≥ 60 age group.
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The associations between the prevalence of T2DM and the obesity indices are shown in Table 3. In both
groups of females, the �ndings indicated positive associations between the �ve obesity indices but WHR
with T2DM even after adjustments for risk-related factors in Model 2. The difference was that WHtR
(2.366) had the highest OR value in the 18–59 age group, while BMI (1.596) was the highest in the ≥ 60
age group after adjusting for risk factors. However, the associations in the male groups compared with
the female groups were completely different. In the male aged 18–59 group, BAI, WC and WHtR were
positively associated with T2DM, and the highest value of OR (3.211) was WC in Model 2. While in the
male aged ≥ 60 group, only WC had positive associations with T2DM and the value of OR was 1.478
(Model 1) and 1.452 (Model 2).
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Table 3
Crude and Adjusted ORs for T2DM in Relation to Anthropometric Indices

Variable Model 1 OR
(95%CI)

Model 2 OR
(95%CI)

Variable Model 1 OR
(95%CI)

Model 2 OR
(95%CI)

Male
(age:18–
59)

    Female
(age:18–59)

   

BMI (≥ 
24 kg/m2)

1.492(0.780–
2.855)

1.540(0.782–
3.032)

BMI (≥ 
24 kg/m2)

3.176(1.733–
5.819) **

2.183(1.158–
4.113) *

BAI (≥ 
25.5)

2.184(1.146–
4.161) *

2.178(1.112–
4.267) *

BAI (≥ 30.5) 2.162(1.127–
4.148) *

1.508(1.059–
2.998) *

WC (≥ 
90 cm)

3.699(1.912–
7.156) **

3.211(1.625–
6.346) **

WC (≥ 
80 cm)

2.849(1.360–
5.969) *

2.287(1.071–
4.883) *

WHR (> 
0.9)

0.900(0.475–
1.704)

0.890(0.455–
1.740)

WHR (> 0.8) 1.074(0.415–
2.783)

0.814(0.306–
2.168)

WHtR (≥ 
0.5)

3.189(1.676–
6.068) **

2.827(1.446–
5.527) *

WHtR (≥ 0.5) 3.480(1.919–
6.312) **

2.366(1.265–
4.427) *

Male (age:
≥60)

    Female (age:
≥60)

   

BMI (≥ 
24 kg/m2)

1.083(0.813–
1.442)

1.110(0.827–
1.490)

BMI (≥ 
24 kg/m2)

1.746(1.290–
2.172) **

1.596(1.200-
2.052) **

BAI (≥ 
25.5)

1.103(0.830–
1.467)

1.070(0.796–
1.438)

BAI (≥ 30.5) 1.395(1.177–
1.806) *

1.278(1.078–
1.671) *

WC (≥ 
90 cm)

1.478(1.104–
1.980) *

1.452(1.070–
1.970) *

WC (≥ 
80 cm)

1.703(1.226–
2.366) **

1.575(1.124–
2.208) **

WHR (> 
0.9)

1.147(0.859–
1.530)

1.104(0.822–
1.484)

WHR (> 0.8) 1.637(0.855–
3.134)

1.592(0.819–
3.093)

WHtR (≥ 
0.5)

1.225(0.916–
1.637)

1.172(0.865–
1.588)

WHtR (≥ 0.5) 1.323(1.025–
1.709) **

1.203(1.023–
1.568) *

BMI, body mass index; BAI, body adiposity index; WC, waist circumference; WHR, waist-to-hip ratio;
WHtR, waist-to-height ratio.

Model 1: unadjusted.

Model 2: adjusted for education, lifestyle (physical activity, smoking, alcohol drinking, sweet tooth),
medical history characteristics (family history or hypertension), and time of diagnosis of type 2
diabetes mellitus.

*: P < 0.05, **: P < 0.001, statistically signi�cant.

Furthermore, we compared the area under the ROC curve (AUC) of each obesity index for the prediction of
T2DM under the in�uence of risk factors including education, smoking, alcohol consumption, exercise,
sweet tooth, hypertension and family disease history. Meanwhile, considering that after the diagnosis of
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T2DM, the patient may control their weight, we also considered the "time of diagnosis of T2DM" as an
adjustment variable. As Table 4 shows, similar to the front results, the AUC of BAI and WC were the
largest (0.783 and 0.614) among the �ve anthropometric indices in two male groups. In addition, WHtR
(AUC = 0.771) and BMI (AUC = 0.647) tended to be the best predictors for T2DM among females in the
18–59 and ≥ 60 years age groups, respectively.
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Table 4
AUCs, areas under the ROC curve for Anthropometric indices in Relation to type 2 diabetes mellitus

Variable AUC(95%CI) Sensitivity Speci�city Youden index

Male (age:18–44)        

BMI (kg/m2) + other factors* 0.748(0.677–0.819) 0.683 0.690 0.373

BAI + other factors 0.750(0.678–0.822) 0.854 0.545 0.399

WC (cm) + other factors 0.783(0.717–0.849) 0.829 0.627 0.456

WHR + other factors 0.730(0.657–0.803) 0.732 0.635 0.367

WHtR + other factors 0.768(0.701–0.836) 0.707 0.667 0.374

Male (age: ≥60)        

BMI (kg/m2) + other factors 0.586(0.543–0.628) 0.472 0.677 0.149

BAI + other factors 0.585(0.542–0.629) 0.439 0.719 0.158

WC (cm) + other factors 0.614(0.572–0.657) 0.593 0.611 0.204

WHR + other factors 0.585(0.542–0.628) 0.488 0.664 0.152

WHtR + other factors 0.593(0.550–0.636) 0.455 0.726 0.181

Female (age:18–44)        

BMI (kg/m2) + other factors 0.769(0.709–0.829) 0.936 0.473 0.409

BAI + other factors 0.744(0.674–0.813) 0.489 0.842 0.331

WC (cm) + other factors 0.759(0.696–0.821) 0.872 0.517 0.389

WHR + other factors 0.739(0.667–0.811) 0.468 0.872 0.340

WHtR + other factors 0.771(0.712–0.831) 0.660 0.753 0.413

Female (age: ≥60)        

BMI (kg/m2) + other factors 0.647(0.612–0.682) 0.532 0.685 0.217

BAI + other factors 0.624(0.587–0.660) 0.451 0.730 0.181

WC (cm) + other factors 0.634(0.599–0.669) 0.623 0.560 0.183

WHR + other factors 0.619(0.583–0.656) 0.687 0.482 0.169

AUC, area under curve; BMI, body mass index; BAI, body adiposity index; WC, waist circumference;
WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

*Other factors: education, lifestyle (physical activity, smoking, alcohol drinking, sweet tooth), medical
history characteristics (family history or hypertension), and time of diagnosis of type 2 diabetes
mellitus.
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Variable AUC(95%CI) Sensitivity Speci�city Youden index

WHtR + other factors 0.629(0.592–0.665) 0.515 0.682 0.197

AUC, area under curve; BMI, body mass index; BAI, body adiposity index; WC, waist circumference;
WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

*Other factors: education, lifestyle (physical activity, smoking, alcohol drinking, sweet tooth), medical
history characteristics (family history or hypertension), and time of diagnosis of type 2 diabetes
mellitus.

Discussion
In this study, we compared the associations of �ve anthropometric indices for T2DM among Chinese
adults divided into four groups according to sex and age. Using survey data from a cross-sectional study
of chronic diseases in Nantong city, east of China, we found strong evidence that there is a positive
correlation between obesity-related measures and T2DM; a �nding which was consistent with those of
previous studies in China [15–16]. Previous studies have found that leptin level in obese people is higher
than that in normal people, while adiponectin level is opposite. Leptin can activate renal sympathetic
nerve and increase arterial pressure. Adiponectin can effectively protect cardiovascular system, which is
negatively correlated with insulin resistance [24–25]. Obesity can lead to islet dysfunction and decrease
of insulin secretion, meanwhile, adipocytes are insensitive to insulin, which leads to an increase of blood
sugar [26].

The results of this study also show that, compared with other obesity indicators, WHtR had a greater
impact on the risk of T2DM in the general population, which was consistent with previous research
results. Previous studies have shown that height has an important in�uence on diabetes, while WC and
WHR have not considered the in�uence of height [27–28]. In order to overcome this defect, most
researchers used WHtR to study the relationship between overweight, obesity and chronic diseases [29–
30]. WHtR is easy to calculate, and has a signi�cant relationship with waist circumference without gender
difference. Taking ≥ 0.5 as the cut-in point can well predict the risk of diabetes [31]. A study in China
showed that waist-height ratio has no effect on impaired fasting blood glucose, but it is related to
diabetes, which can be used as an important screening index for the elderly [32]. In addition, central and
systemic obesity indices showed different correlations in different sex and age groups.

For males, WC had the highest OR and the largest AUC before after adjusting for confounding variables in
both 18–59 and ≥ 60 age groups. The results of a meta-analysis of 16 cohort studies involving different
ethnic groups in Asia showed that for every additional SD in BMI and WC, the risk of diabetes was 52%
and 54%, respectively. WC was more closely related to diabetes [33]. A survey in China found that for
every standard deviation increase in BMI and WC, the risk of diabetes increased by 53% and 64%,
respectively. WC had a greater impact on the risk of diabetes [34]. The conclusions of these studies were
the same as those in the present study, which might be related to the fact that insulin resistance is an
important pathogenic factor for diabetes [35]. Studies have con�rmed that insulin antagonism is more
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obvious in central obesity, and WC is recognized as an important indicator for measuring central obesity,
which can better re�ect insulin resistance [36]. Therefore, it was recommended that the waist
circumference can be reduced through appropriate physical exercise and other means on the basis of
weight control, thereby reducing the risk of type 2 diabetes.

However, among the females, WHtR and BMI tended to be the best predictors for T2DM in the 18–59 and
≥ 60 age groups, respectively. The reason for the sex difference in the relationship between obesity
indicators and T2DM may be related to the sex difference in body fat distribution. Fat was mainly in the
viscera in men and subcutaneous in women, which can provide evidence for gender differences. In thin
Asian men with less subcutaneous fat, WC may be a better indicator of visceral obesity than BMI. Among
thin Asian women, the impact of subcutaneous fat was greater than that of WC, and BMI may be more
suitable for the indicator of overall fat and abdominal fat accumulation than WC [37–39]. On the other
hand, compared with women, men were more stressed at work and slept less. Working pressure can
increase the epinephrine secretion level of the body, and then lead to more fat into the abdomen [40];
Sleep deprivation was closely related to cardiovascular risk factors such as in�ammatory markers in the
blood circulation, and the resulting in�ammatory response may be one of the mechanisms leading to
metabolic diseases such as abdominal obesity and T2DM [41]. However, in recent years, Chinese
women's rich diet nutrition, reduced exercise and increasing pressure at work have led to the increase of
central obesity in young and middle-aged women [42]. This may explain why obesity indicators most
closely associated with T2DM are inconsistent across age groups.

BAI was also included in this study as a new obesity index proposed in 2011, which was believed to be
able to assess percent body fat more objectively based on hip circumference and height [43]. We found
that BAI was positively associated with T2DM except in male ≥ 60 age group. The positive association of
T2DM with BAI was not stronger than that observed in other generally used obesity indices. Consistently,
the capacity of BAI in predicting T2DM was also found lower than BMI, WC and WHtR, which recognized
as the most frequently used obesity indices. This was inconsistent with some American research results
that BAI was superior to BMI [44–45], possibly because BAI was proposed by the research on hip
circumference and height of African Americans and Mexican Americans [43], while the characteristics of
height and hip circumference of Chinese Han people are quite different from them.

We also noticed that there was no positive association between WHR and T2DM in all sex and age
groups. Therefore, using WHR as a weight predictor for T2DM was not recommended. This �nding was
similar to that of a study in Changchun. In that study, the cut-off value for WHR was not suitable for
predicting T2DM compared with those of BMI and WHtR [19].

One of strengths in the present study was that we randomly selected a community-based population with
a broad age range; this increases the generalizability of our results to local populations. Further, we
compared the predictive values of �ve anthropometric indices (BMI, BAI, WC, WHR, and WHtR) to achieve
accurate evaluation of T2DM prediction by obesity indicators for different age and sex groups. We
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believe that the �ndings of the present study may provide a reference for the selection of the appropriate
anthropometric obesity indices for estimating the risk of T2DM in people of different sexes and ages.

Several limitations of the present study should be considered. Firstly, as a cross-sectional study, the
causality between obesity indices and T2DM cannot be properly proven. Longitudinal follow-up studies
need be conducted to further verify the results of the present study. Secondly, participants who reported
T2DM by themselves may alter their lifestyle habits such as diet and exercise to skew their
anthropometric indices. Although this was considered and adjusted for in the model and ROC curve
analyses, information migration was unavoidable. Finally, only residents from a single area were recruited
for this study. Therefore, the conclusions of this study may have some limitations in extrapolation due to
the diet and lifestyle differences of different regions.

Conclusion
This study suggests that there is a positive association of obesity-related anthropometric indices with
T2DM in different sex and age groups. For males, WC appears to be the best anthropometric index for
predicting T2DM. For 18–59 and ≥ 60 age women, the best obesity indices related with T2DM are WHtR
and BMI, respectively.

Abbreviations
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Figure 1

The sample diagram of the study object
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