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Abstract
Aims  To evaluate the relationship between anthropometric indices, including abdominal volume index (AVI), waist-to-hip 
ratio (WHR), waist-to-height ratio (WHtR), conicity index (C index), body mass index (BMI), body roundness index (BRI), 
body adiposity index (BAI), A body shape index (ABSI) and cardiovascular risk factors, and their abilities to predict meta-
bolic syndrome (MetS) in adults.
Methods  A cross-sectional study of 76,915 participants (30,912 females and 46,003 males) aged between 14 and 100 years 
was conducted. AVI, WHR, WHtR, BMI, conicity index (C index), BRI, BAI, and ABSI were measured and calculated. 
Pearson correlation analysis and linear regression analysis were used to examine the relationship between anthropometric 
indicators and the components of MetS, while binary logistic regression analysis was used to assess the relationship between 
anthropometric indicators and overall MetS. The receiver operating characteristic curve (ROC) was used to analyze and 
calculate the area under the curve (AUC). Then, a 95% confidence interval (95% CI) was calculated to evaluate the ability 
of anthropometric indicators to predict MetS and determine the optimal cutoff value of each anthropometric indicator. The 
optimal cutoff value was determined by the Youden index.
Results  MetS prevalence was 21.71% in males and 9.5% in females. Participants with MetS were older and had higher values 
of glucose, triglyceride, low-density lipoprotein cholesterol (LDL-C), total cholesterol (TC), systolic blood pressure (SBP), 
diastolic blood pressure (DBP) than those without MetS. The high-density lipoprotein cholesterol (HDL-C) values of males 
and females with MetS were lower than the values found in those without MetS. Mean values of all anthropometric indica-
tors in men and women with MetS were significantly higher than the mean values in those without MetS. After adjusting 
for age, alcohol consumption, and smoking, anthropometric indexes AVI, WHR, WHtR, C index, BMI, and BRI were all 
associated with cardiovascular risk factors (p < 0.001). Among men over the age 60 years old, an AVI cutoff of 16.0 predicted 
MetS with a sensitivity of 74.70% and a specificity of 84.90%. The area under the ROC curve was 0.84 (p < 0.001). Among 
women over the age of 60 years, an AVI cutoff of 12.8 predicted MetS with a sensitivity of 90.13% and a specificity of 
63.72%. The area under the ROC curve was 0.80 (p < 0.001). Among men aged 30–60 years, an AVI cutoff of 16 predicted 
MetS with a sensitivity of 80.44% and a specificity of 82.36%. The area under the ROC curve was 0.85 (p < 0.001). Among 
women aged 30–60 years, an AVI cutoff of 12.82 predicted MetS with a sensitivity of 87.72% and a specificity of 83.47%. 
The area under the ROC curve was 0.90 (p < 0.001). Among men under the age of 30 years, an AVI cutoff of 16.22 predicted 
MetS with a sensitivity of 87.97% and a specificity of 88.65%. The area under the ROC curve was 0.92 (p < 0.001). Among 
women under the age of 30 years, an AVI cutoff of 12.79 predicted MetS with a sensitivity of 95.92% and a specificity of 
93.79%. The area under the ROC curve was 0.97 (p < 0.001). AVI showed the strongest ability to distinguish MetS across 
genders and different age groups.
Conclusion  AVI, WHR, WHtR, BMI, C index, and BRI were all associated with cardiovascular risk factors. The anthro-
pometric index is a useful screening tool for MS, its components, and cardiovascular risk factors. Among all the indices 
examined, AVI can best distinguish MetS.
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Introduction

Cardiovascular disease (CVD) is the leading cause of 
death in the world, and its prevalence varies with terri-
tory and culture. The prevalence, morbidity, and mortality 
of CVD are on the rise in China, and CVD is the number 
one leading cause of death, with percentages as 44.60% 
and 42.51% of total deaths in rural and urban areas [1]. 
The mortality rate from CVD in rural areas has exceeded 
and continued to exceed the urban level since 2009. The 
increasing burden of CVD has become a major public 
health concern. In this sense, the prevention of CVD 
has become a public health priority, especially for those 
considered at high cardiovascular risk. Clinically, effec-
tive strategies must be developed to fully identify these 
patients.

Metabolic syndrome (MetS) describes a cluster of con-
ditions that pose as risk factors for CVD and other ill-
nesses such as type 2 diabetes and stroke. It has become 
a major health problem in both developing and devel-
oped countries, with prevalence rising globally. Accord-
ing to the National Cholesterol Education Program [2], 
MetS is made up of the presence of any three or more of 
the following conditions: (a) blood glucose greater than 
5.6 mmol/L (100 mg/dL) or drug treatment for elevated 
blood glucose 2; (b) high-density lipoprotein (HDL) cho-
lesterol < 1.0 mmol/L (40 mg/dL) in men, < 1.3 mmol/L 
(50 mg/dL) in women or drug treatment for low HDL-C; 
(c) blood triglycerides > 1.7 mmol/L (150 mg/dL) or drug 
treatment for elevated triglycerides; (d) waist circumfer-
ence > 102 cm in men, or > 88 cm in women; (e) blood 
pressure > 130/85 mmHg or drug treatment for hyperten-
sion. Individuals meeting at least three of the five com-
ponents of MetS are considered as having the condition. 
People with MetS have a higher risk of insulin resistance, 
low levels of chronic inflammation, and oxidative stress 
[3]. MetS can also contribute to the early development of 
coronary heart disease (CHD) [4]. Therefore, it is crucial 
to identify MetS early and determine which anthropomet-
ric indicators have the highest predictive ability for MetS.

The use of methods to determine body composition 
began in the 1940s and has been extended to various 
methods as indicators of health status, treatment pro-
gress, and functional status in medicine and research. The 
measurements and indices make it easy for researchers to 
use anthropometry as a method of assessing cardiovas-
cular risk because it is simple to measure, low cost, and 
clinically applicable. Additionally, they provide invalu-
able information on risk factors that can help prevent and 
treat diseases. Perissinotto et al. [5] found that non-path-
ological factors, such as age, sex, and geographical area, 
may influence anthropometric measurement and should be 

considered. Anthropometric indices have been the focus of 
much research on obesity, cardiovascular health, and dis-
eases. However, certain issues such as the possible redis-
tribution of fat [6], the selection of the most appropriate 
statistical method, and the optimal measurement technique 
are all important factors to consider for meaningful meas-
urement in any given population.

The assessment of obesity was extrapolated from anthro-
pometric measurements. With the increasing prevalence 
of obesity, the development of a reliable anthropomet-
ric obesity index has become an important public health 
issue. Obesity not only closely reflects the risk of glucose 
metabolism disorders but identifying it also helps clinicians 
advise patients on health promotion and awareness. Body 
mass index (BMI), an anthropometric parameter, is the most 
commonly used index for assessing overweight and obe-
sity. It has long been used to assess obesity because of its 
simplicity, ease of calculation, and clear association with 
mortality and obesity-related complications. However, BMI 
alone does not reflect the amount or the distribution of body 
fat that comes from the variation in any given population 
under study, including factors such as age, sex, ethnicity, and 
type of obesity. While overall obesity is measured by BMI, 
measurements of waist circumference (WC) and hip circum-
ference (HC) and their associated ratios have been identified 
as better indicators of body size and obesity-related risks. 
A common form of abdominal obesity is the waist-to-hip 
ratio (WHR), a ratio calculated by dividing WC over HC, 
or WC, and overall obesity is measured by body mass index 
(BMI). WHR [7] is determined by dividing waist circumfer-
ence by hip circumference. It is used to describe how body 
fat is distributed, and if it is concentrated centrally or in the 
limbs. Both overall obesity and poor body fat distribution 
are independently associated with the development of type 
2 diabetes mellitus (DM). Central obesity as assessed by 
WHR or WC is a better indicator of type 2 diabetes risk 
than BMI is. Sometimes weight gain or loss causes similar 
changes in WC and HC without changing the final ratio. For 
the reason, WHR is not very useful in assessing changes in 
weight change. Also, WC does not account for variations in 
height. Therefore, it may underestimate the risks in short 
people, while overestimating the risks of tall people. While 
both WHR and WC are based on longitudinal measurements, 
the reliability of the estimation of central obesity by WC and 
WHR might also be affected in individuals whose umbilical 
line falls below the buttocks and the pendulum abdomen.

To address these issues, the abdominal volume index 
(AVI) [8] is developed as an anthropometric obesity assess-
ment. As the name implies, it measures total volume. It is 
a theoretical estimate of total abdominal volume, includ-
ing abdominal fat and adipose tissue volume as measured 
between the pubic symphysis and the xiphoid process, and 
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is calculated by using WC and HC according to the formula 
[2 cm (WC) 2 + 0.7 cm (WC-HC) 2]/1000. The formula is 
derived from the formula for calculating the volume of a 
cylinder and the volume formula of a cone. It is easier to 
estimate volume with the AVI formula than to estimate the 
volume with a truncated cone. Women’s fat distribution 
is mainly concentrated in the lower body, while men are 
mainly distributed in the upper body. The geometric figures 
of the obesity pattern in women and men are upright and 
inverted cones, respectively. The obesity pattern based on 
which AVI is calculated is similar to calculating the volume 
of a truncated cone. The advantage of using AVI to estimate 
abdominal volume is that it predicts the possible occurrence 
of both obesity patterns. Overseas studies [9] have found 
it to be a reliable measurement, closely linked to impaired 
glucose tolerance (IGT) and type 2 diabetes (DM). How-
ever, studies on AVI and its ability to predict other diseases 
including cardiovascular risk factors are still rare.

Conicity index (C index) is an indicator of abdominal 
obesity proposed by Ruperto et al. [10], based on geometric 
reasoning models. It is built upon the fact that the less fat indi-
viduals have in the center, the closer they resemble a cylinder. 
However, if individuals accumulate fat around the waist, their 
body shape seems to shift from the cylinder to the tip cone. 
The C index has no units and ranges theoretically from 1.00 
(perfect cylinder) to 1.73 (double cone, namely two cones, 
where the base is the same). It is obtained by using WC, height, 
and weight of any given individual according to the follow-
ing formula: “WC (m) / (0.109 × 

√

weight [kg]∕height [m]).” 
Compared with WHR, the C index adjusts for the height as 
well as the weight of the individual, and can directly compare 
abdominal fat across individuals and even across different 
populations without requiring hip measurement [11].

There is growing evidence suggesting that abdominal 
fat plays a role in the development of MetS. Developing 
new anthropometric indicators to evaluate abdominal fat 
is thus necessary. To address this issue, several new meas-
urements have been developed including the body adipos-
ity index (BAI) by Bergman and colleagues [11], the A 
body shape index (ABSI) by Krakauer and Krakauer [12], 
and the body roundness index (BRI) by Thomas and col-
leagues [13]. These indices aim to estimate body fat dis-
tribution. BMI is known to have limited accuracy, as its 
value may differ for men and women with similar percent-
ages of body fat. To make up for this deficiency, Bergman 
et al. proposed that BAI as an indicator for evaluating 
body fat composition. It is calculated based on height 
and HC and shows a high correlation with adult body fat 
percentage (BF%) [11]. BAI can be used to reflect the 
percentage of body fat of adult men and women of dif-
ferent races without numerical correction. ABSI [14] is 
an index that standardizes WC by BMI and height, while 
ABSI assesses visceral, abdominal, and general obesity 

at the same time, and is a better predictor of premature 
death than WC and BMI [15]. BRI is based on a new 
geometric model that quantifies a person’s body shape 
independently of height. It can predict body fat percent-
age and visceral adipose tissue and can be used as a visual 
tool for health assessment.

Finally, waist-to-height ratio (WHtR) is also an indica-
tor of abdominal obesity and has been used to assess meta-
bolic disorders in studies. WHtR shows that individuals’ 
WC should not exceed half their height, and show better 
sensitivity in assessing health risks than measurements of 
isolated WC in different populations.

There is no complete agreement on the best anthropo-
metric indicators for assessing MetS status and risk. The 
best measure of obesity as a predictor of cardiometabolic 
risk remains elusive. Due to differences in race, genetic 
makeup, diet and lifestyle, culture, and economic condi-
tions between foreign and domestic populations, more 
research is needed in the Chinese population. Additionally, 
the diversity of anthropometric methods, particularly the 
newly proposed AVI and other anthropometric indicators, 
and their ability to predict MetS remain controversial and 
have not been widely analyzed or studied. The purpose 
of this study was to assess the relationship between AVI 
and cardiovascular risk factors and to compare the ability 
of AVI and other anthropometric indicators in predicting 
MetS in adults.

Methods

Data collection

A cross-sectional study of 76,915 participants (30,912 
females and 46,003 males) aged between 14 and 100 years 
was conducted between December 2013 and December 
2014 in the metropolis of Chengdu city in west China, 
the details of which had been documented elsewhere [16]. 
Inclusion criteria were that the participant was a resident 
of metropolitan Chengdu and willing to participate in the 
study. Exclusion criteria were the following: unwilling 
participants, patients with severe heart, liver and kidney 
diseases, malignant tumors, mental disorders, persons 
unable to take care of themselves, persons diagnosed with 
eating difficulties, pregnant women, and persons with 
physical disabilities. Demographic information includ-
ing sex, age, medical history (hypertension or diabetes 
mellitus), family history, smoking status (current smoking 
defined as ≥ 20 cigarettes/month for ≥ 6 months), drink-
ing status (current alcohol use defined as at least once/
week for ≥ 6 months), and other relevant information were 
collected.
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Anthropometric assessment

Body weight, height, blood pressure, WC, and HC were 
measured and recorded by skilled nurses. All participants 
were requested to stand upright with arms hanging freely 
in light clothing without shoes. All measurements were 
taken using inelastic tape on the skin. WC was measured 
straight at the midpoint between the last rib and the iliac 
crest to the nearest 0.1 cm at the end of a normal breath 
[16]. The average of three measurements was recorded. HC 
was measured at the widest portion of the buttock. Height 
was measured by a nonelastic ruler to the nearest 0.5 cm. 
Weight was measured to the nearest 0.1 kg in light clothing 
and without shoes using a Weight scale (Wujin, RGT-120, 
Wujin Medical Equipment Co. Ltd., Jiangsu, China). Blood 
pressure was measured seated, by a sphygmomanometer 
(Yuyue, GB3053-93, Yuyue Medical Equipment Co., Ltd., 
Jiangsu, China) on the right arm after a 5-min rest. The 
mean of two measurements with at least a 1-min interval 
was taken. Anthropogenic indices were calculated by the 
following formulas:

Laboratory measurements

Blood samples were drawn from the antecubital vein after 
fasting for more than 12 h. Without being placed in the 
freezer, the blood samples were centrifuged at 3000 rpm 
for 10  min and then tested. Fasting plasma glucose 
(FPG), total cholesterol(TC), high-density lipoproteins 
cholesterol (HDL-C), low-density lipoproteins choles-
terol (LDL-C), triglycerides (TG), Cystatin C (Cys-c), 
alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), γ-glutamyltransferase (γ-GGT), total bili-
rubin (TB), direct bilirubin (DB), serum uric acid (UA), 
serum creatinine (Scr), and blood urea nitrogen (BUN) 
were analyzed by a biochemical autoanalyzer (ROCHE 
Cobas 8000, ROCHE Diagnostics, Basel, Switzerland) 
at the Department of Clinical Laboratory Diagnostics, 
West China Hospital Sichuan University [16]. TB and 
DB were assayed by the Vanadate oxidase method. FPG 

BMI = weight∕height2(kg∕m2).

WHR = WC(cm)∕HC(cm)

CI = WC(m)∕

(

0.109 ×

√

weight
[

kg
]

∕height[m]

)

AVI =
[

2 × x(WC)2
(

cm2
)

+ 0.7(WC–HC)2
(

cm2
)]

∕1000

BAI =
[

HC(cm)∕height3∕2(m)
]

–18

WHtR = WC(cm)∕height(cm)

BRI = 364.2–365.5 ×

√

1 −

[

[WC(m)∕(2×π)]
[0.5×height(m)]

2

2
]

ABSI
(

m11∕6 kg−2∕3
)

= WC(m)∕
(

BMI
[

kg∕m2
]2∕3

× height[m]1∕2
)

concentrations were assayed by the hexokinase method. 
TGs in plasma were analyzed by glycerol oxidation. TC 
was assayed by means of the enzymic method. HDL-C 
and LDL-C were analyzed by homogeneous enzyme col-
orimetry. ALT, AST, and γ-GGT were measured through 
the enzyme rate method. UA and BUN were measured by 
means of the enzyme coupling method. Cystatin C (Cys-
c) was assayed by emulsion enhanced immune projection 
turbidimetry. Scr was measured by means of the picric 
acid method.

Diagnostic criteria for MetS and its components

MetS was diagnosed when the participant shows the pres-
ence of three or more following factors according to the 
National Cholesterol Education Program-Adult Treatment 
Panel III(NCEP-ATPIII)criteria [2]: abdominal obesity: 
WC ≥ 90 cm in men or WC ≥ 80 cm in women; Increased 
TG ≥ 150 mg/dL (1.7 mmol/L); Decreased HDL-C, defined 
as HDL-C < 40 mg/dL (1.03 mmol/L) in male or < 50 mg/
dL (1.29 mmol/L) in female; blood pressure ≥ 130/85 or 
receiving treatment; fast blood glucose (FBG) ≥ 100 mg/
dL (5.6 mmol/L), or type 2 diabetes mellitus or receiving 
treatment.

Statistical analysis

The normality of the distribution was evaluated using 
the Kolmogorov–Smirnov test. Results were expressed 
as a number (percentages) or mean ± standard devia-
tions. IBM SPSS v24.0 (SPSS Inc., Chicago, USA) was 
used for statistical analysis. Student’s t-test was used 
to assess mean differences between males and females. 
Comparisons of means were assessed by analysis of 
variance (ANOVA), followed by Tukey’s test. Pearson 
correlation analysis and linear regression analysis were 
used to examine the relationship between anthropo-
metric indicators and the components of MetS, while 
binary logistic regression analysis was used to assess 
the relationship between anthropometric indicators and 
MetS. The receiver operating characteristic curve (ROC) 
and the area under the Curve (AUC) of the ROC were 
designed to assess the abilities of the anthropometric 
indexes to predict MetS, and determine the cutoff points 
for each indicator. Cutoff points were got after calculat-
ing the Youden’s index (sensitivity + specificity-1). The 
AUC was compared using MedCalc by DeLong et al.’s 
[17] (version 13.0; MedCalc Software, Mariakerke, 
Belgium). Statistical significance was considered at 
p < 0.05.
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Results

Basic information on cardiovascular risk factors 
and anthropometric indicators

Table 1 shows baseline characteristics of 76,915 partici-
pants with a mean age of 44.36 years ± 12.51 years (59.81% 

for males and 40.19% for females). Among these, 12,927 
individuals (16.81%) are with MetS, while 63,988 subjects 
(83.19%) are without MetS. The prevalence of MetS was 
found to be 21.71% in males and 9.5% in females. Partici-
pants with MetS are older and have higher values of FBG, 
TG, LDL-C, TC, SBP, DBP, PP, heart rate, cystatin C, UA, 
Scr, BUN, ALT, AST, GGT, TB, and IB than those without 

Table 1   Baseline characteristics of participants and their cardiovascular risk factors and anthropometric indicators

*p > 0.05, other p < 0.05
BMI body mass index, DBP diastolic blood pressure, HDL-c high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, TG 
triglyceride, MetS metabolic syndrome, SBP systolic blood pressure, AVI abdominal volume index, WC waist circumference, WHR waist hip 
ratio, WHtR waist height ratio, BRI body roundness index, ABSI a body shape index, BAI body adiposity index, TB total bilirubin, IB indirect 
bilirubin, DB direct bilirubin, ALT alanine aminotransferase, AST aspartate amino transferase, GGT​ gamma-glutamyl transpeptidase, PP pulse 
pressure, BUN blood urea nitrogen, Scr serum creatinine, FBG fast blood glucose

Characteristics Total (n = 76,915) Male (n = 46,003) Female (n = 30,912)

No MetS MetS No MetS MetS No MetS MetS

(n = 63,988) (n = 12,927) (n = 36,014) (n = 9989) (n = 27,974) (n = 2938)

Age (years) 43.16 ± 12.24 50.33 ± 12.13 44.24 ± 12.59 48.62 ± 11.63 41.77 ± 11.61 56.15 ± 11.99
FBG (mmol/L) 5.13 ± 0.82 6.32 ± 1.91 5.20 ± 0.95 6.37 ± 2.00 5.04 ± 0.60 6.15 ± 1.56
TG (mmol/L) 1.41 ± 1.07 2.74 ± 1.94 1.65 ± 1.24 2.89 ± 2.04 1.10 ± 0.7 2.22 ± 1.45
LDL-C (mmol/L) 2.79 ± 0.76 3.05 ± 0.84 2.91 ± 0.76 3.02 ± 0.83 2.65 ± 0.74 3.13 ± 0.87
HDL-C (mmol/L) 1.54 ± 0.40 1.22 ± 0.31 1.39 ± 0.35 1.17 ± 0.28 1.73 ± 0.38 1.38 ± 0.33
TC (mmol/L) 4.77 ± 0.88 5.16 ± 1.00 4.83 ± 0.88 5.14 ± 0.98 4.70 ± 0.87 5.22 ± 1.04
SBP (mmHg) 110.95 ± 14.33 127.25 ± 15.03 113.98 ± 13.94 126.84 ± 14.63 107.06 ± 13.87 128.65 ± 16.22
DBP (mmHg) 72.57 ± 9.20 82.93 ± 9.58 74.72 ± 9.23 83.84 ± 9.42 69.80 ± 8.39 79.83 ± 9.48
PP (mmHg) 38.38 ± 10.16 44.32 ± 13.1 39.25 ± 10.33 43 ± 12.44 37.26 ± 9.84 48.83 ± 14.24
Heart rate (beat/min) 71.88 ± 8.89 73.12 ± 8.74 70.96 ± 8.93 72.74 ± 8.5 73.05 ± 8.69 74.42 ± 9.39
cystatin C (mmol/L) 0.84 ± 0.14 0.92 ± 0.17 0.90 ± 0.14 0.94 ± 0.16 0.77 ± 0.12 0.88 ± 0.18
Uric acid (mmol/L) 337.77 ± 87.59 399.63 ± 91.61 387.21 ± 75.39 421.65 ± 85.13 274.12 ± 55.1 324.75 ± 70.91
Scr (mmol/L) 75.79 ± 16.11 81.01 ± 15.96 85.77 ± 12.53* 85.66 ± 13.81* 62.95 ± 9.94 65.22 ± 12.23
BUN (mmol/L) 4.98 ± 1.28 5.25 ± 1.34 5.22 ± 1.28 5.29 ± 1.35 4.67 ± 1.22 5.13 ± 1.33
ALT (mmol/L) 25.77 ± 18.95 37.85 ± 24.96 31.40 ± 21.20 41.13 ± 25.77 18.52 ± 12.23 26.68 ± 17.97
AST (mmol/L) 145.42 ± 20.55 151.66 ± 20.01 155.25 ± 18.53 156.45 ± 18.89 132.77 ± 15.46 135.35 ± 14.29
GGT (mmol/L) 28.47 ± 39.21 57.25 ± 66.01 36.91 ± 47.66 64.47 ± 69.04 17.61 ± 19.58 32.72 ± 46.82
TB (mmol/L) 14.18 ± 5.91 14.46 ± 5.94 15.27 ± 6.33 15.00 ± 6.12 12.77 ± 4.98* 12.63 ± 4.83*
IB (mmol/L) 9.98 ± 4.38 10.42 ± 4.50 10.72 ± 4.74* 10.78 ± 4.67* 9.02 ± 3.66 9.2 ± 3.62
DB (mmol/L) 4.20 ± 1.83 4.04 ± 1.76 4.55 ± 1.94 4.22 ± 1.77 3.75 ± 1.58 3.43 ± 1.6
AVI 12.68 ± 2.78 16.91 ± 2.65 14.06 ± 2.42 17.5 ± 2.41 10.90 ± 2.12 14.89 ± 2.45
WC 78.58 ± 9.06 91.52 ± 7.29 83.20 ± 7.42 93.22 ± 6.42 72.63 ± 7.34 85.72 ± 7.08
WHR 0.85 ± 0.07 0.93 ± 0.05 0.88 ± 0.05 0.94 ± 0.05 0.80 ± 0.06 0.90 ± 0.06
WHtR 0.48 ± 0.05 0.55 ± 0.04 0.50 ± 0.05 0.55 ± 0.04 0.46 ± 0.05 0.55 ± 0.05
Conicity index 1.18 ± 0.08 1.26 ± 0.06 1.20 ± 0.06 1.26 ± 0.06 1.14 ± 0.08 1.24 ± 0.08
BMI 23.04 ± 2.97 27.03 ± 2.79 24.09 ± 2.78 27.38 ± 2.64 21.69 ± 2.64 25.83 ± 2.93
BRI 3.07 ± 0.92 4.47 ± 0.89 3.33 ± 0.84 4.47 ± 0.83 2.73 ± 0.90 4.46 ± 1.08
BAI 26.59 ± 3.15 28.52 ± 3.43 25.53 ± 2.74 27.64 ± 2.79 27.96 ± 3.12 31.53 ± 3.67
ABSI 0.076 ± 0.004 0.079 ± 0.004 0.077 ± 0.004 0.079 ± 0.004 0.075 ± 0.005 0.079 ± 0.005
HBP history (%) 4.63% 23.05% 5.79% 21.24% 3.12% 29.20%
DM history (%) 1.56% 9.42% 2.24% 9.34% 0.69% 9.70%
Smoking (%) 29.81% 43.15% 51.80% 55.51% 1.50% 1.12%
Drinking (%) 44.97% 60.78% 73.22% 76.68% 8.59% 6.71%
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MetS. Participants with MetS had lower HDL-C and DB 
values than those without MetS. Both women and men with 
MetS had significantly higher mean values for all anthro-
pometric indicators than those without MetS. There was no 
statistical difference in Scr and IB values between men with 
and without MetS. There was no statistical difference in TB 
value between women with and without MetS. Both men 
and women who have MetS are significantly older than those 
who do not have MetS. Participants with MetS had higher 
mean values of anthropometric indices than those without 
MetS (all p < 0.05). Participants with MetS had higher TG, 
TC, LDL-C, FBG, SBP, DBP, PP, and LDL-C than those 
without MetS (all p < 0.05). Participants with MetS were 
more likely to have a history of hypertension and diabetes 
than those without MetS (p < 0.05). Interestingly, among 
female participants, those without MetS have higher smok-
ing and drinking rates than their counterparts with MetS. 
Among male participants, those with MetS have higher 
drinking and smoking rates than their counterparts without 
MetS.

Prevalence of MetS overall and by number of its 
components across gender and age groups

Table 2 shows that the prevalence of MetS in the study 
sample is 16.81%, while the value is at 21.71% for men 
and 9.5% for women. Of the total 76,915 participants, 
9527 participants (12.39%) are under 30 years old, 58,655 
participants (76.26%) are between 30 and 60 years old, 

and 8733 participants (11.35%) are over 60 years old. 
MetS prevalence rate is 4.18% (n = 398) in those under 
30 years old, 16.83% (n = 9870) in those aged 30–60 years 
old, and 30.45 (n = 2659) in those over 60 years old. MetS 
prevalence rate increases with age (p < 0.05). Among the 
MetS components, increasing WC accounts for 27.40% 
of the total number of participants (n = 21,076), hyper-
triglyceridemia 31.22% (n = 24,011), low HDL-C 15.63% 
(n = 12,019), hypertension 40.36% (n = 31,042), and 
hyperglycemia 21.47% (n = 16,668), while 33.38% of the 
study participants (n = 25,676) show no abnormal MetS 
components (which are increased WC, hypertriglyceri-
demia, decreased HDL-C, high blood pressure, elevated 
glycemia). As the number of MetS abnormal components 
increases, the percentage within the population falls. There 
are statistically significant differences in the prevalence of 
MetS across genders and age groups. The prevalence of 
MetS increases with the increase of age.

Distribution of anthropometric indices in different 
age groups

The values for all anthropometric indices increase with 
the increase in age within our study sample, for both the 
male and female population, with statistically significant 
differences across age groups (p < 0.001; Table 3). There 
were significant differences among different age groups 
(p < 0.001; Table 3).

Table 2   Relationship between the MetS prevalence overall and by number of its components across genders and age groups

MetS metabolic syndrome

Gender Age n MetS preva-
lence

MetS component numbers

0 1 2 3 4 5

Male  < 30 4727 349 (7.38%) 2109 (44.62%) 1397 (29.55%) 722 (15.27%) 342 (7.24%) 125 (2.64%) 32 (0.68%)
30–60 35,709 8146 (22.81%) 7827 (21.92%) 9435 (26.42%) 8534 (23.90%) 6165 (17.26%) 2976 (8.33%) 772 (2.16%)
 ≥ 60 5567 1494 (26.84%) 660 (11.86%) 1671 (30.02%) 1626 (29.21%) 1067 (19.17%) 449 (8.07%) 94 (1.69%)
Total 46,003 9989 (21.71%) 10,596 

(23.03%)
12,503 

(27.18%)
10,882 

(23.65%)
7574 (16.46%) 3550 (7.72%) 898 (1.95%)

Female  < 30 4800 49 (1.02%) 3571 (74.40%) 918 (19.13%) 227 (4.73%) 59 (1.23%) 23 (0.48%) 2 (0.04%)
30–60 22,946 1724 (7.51%) 11,200 

(48.81%)
6245 (27.22%) 3202 (13.95%) 1480 (6.45%) 625 (2.72%) 194 (0.85%)

 ≥ 60 3166 1165 (36.80%) 309 (9.76%) 702 (22.17%) 886 (27.98%) 762 (24.07%) 368 (11.62%) 139 (4.39%)
Total 30,912 2938 (9.50%) 15,080 

(48.78%)
7865 (25.44%) 4315 (13.96%) 2301 (7.44%) 1016 (3.29%) 335 (1.08%)

Total  < 30 9527 398 (4.18%) 5680 (59.62%) 2315 (24.30%) 949 (9.96%) 401 (4.21%) 148 (1.55%) 34 (0.36%)
30–60 58,655 9870 (16.83%) 19,027 

(32.44%)
15,680 

(26.73%)
11,736 

(20.01%)
7645 (13.03%) 3601 (6.14%) 966 (1.65%)

 ≥ 60 8733 2659 (30.45%) 969 (11.10%) 2373 (27.17%) 2512 (28.76%) 1829 (20.94%) 817 (9.36%) 233 (2.67%)
Total 76,915 12,927 (16.81%) 25,676 

(33.38%)
20,368 

(26.48%)
15,197 

(19.76%)
9875 (12.84%) 4566 (5.94%) 1233 (1.60%)
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Correlation between anthropometric indices 
and cardiovascular risk factors

Table 4 shows results from Pearson correlation analysis 
between anthropometric indicators and components of 
the MetS. We find that the values of AVI, WHR, WHtR, 
C index, BMI, BRI, BAI, and ABSI all correlate with 

cardiovascular risk factors (p < 0.05). All the correlations 
are statistically significant, but the correlation coefficients 
are small. Among anthropometric indices, AVI shows the 
greatest positive correlation with DBP, TG, and VLDL, 
and the greatest negative correlation with HDL-C. WHtR 
shows the greatest correlation with TC, SBP, and LDL-C, 
and WHR shows the greatest correlation with FBG.

Table 3   Distribution of 
anthropometric indices in 
different age groups

ABSI a body shape index, AVI abdominal volume index, BAI body adiposity index, BMI body mass index, 
BRI body roundness index, C index conicity index, MetS metabolic syndrome, WC waist circumference, 
WHR waist-hip ratio, WHtR waist-to-height ratio

Total Male Female

n Mean ± SD n Mean ± SD n Mean ± SD

AVI  < 30 9527 11.67 ± 3.07 4727 13.52 ± 2.93 4800 9.85 ± 1.88
30–60 58,655 13.53 ± 3.13 35,709 14.98 ± 2.73 22,946 11.28 ± 2.27
 ≥ 60 8733 14.31 ± 2.97 5567 14.8 ± 2.89 3166 13.44 ± 2.89
Total 76,915 13.39 ± 3.18 46,003 14.81 ± 2.8 30,912 11.28 ± 2.45

CI  < 30 9527 1.14 ± 0.07 4727 1.17 ± 0.06 4800 1.11 ± 0.07
30–60 58,655 1.19 ± 0.08 35,709 1.22 ± 0.06 22,946 1.15 ± 0.07
 ≥ 60 8733 1.24 ± 0.08 5567 1.24 ± 0.07 3166 1.23 ± 0.09
Total 76,915 1.19 ± 0.08 46,003 1.22 ± 0.07 30,912 1.15 ± 0.08

WC  < 30 9527 74.94 ± 10.1 4727 81.23 ± 8.98 4800 68.75 ± 6.76
30–60 58,655 81.24 ± 9.81 35,709 85.92 ± 8.02 22,946 73.95 ± 7.66
 ≥ 60 8733 83.85 ± 8.94 5567 85.39 ± 8.56 3166 81.14 ± 8.96
Total 76,915 80.76 ± 10.03 46,003 85.38 ± 8.31 30,912 73.88 ± 8.27

WHR  < 30 9527 0.81 ± 0.07 4727 0.85 ± 0.05 4800 0.77 ± 0.05
30–60 58,655 0.86 ± 0.07 35,709 0.90 ± 0.05 22,946 0.81 ± 0.06
 ≥ 60 8733 0.90 ± 0.06 5567 0.91 ± 0.06 3166 0.88 ± 0.07
Total 76,915 0.86 ± 0.07 46,003 0.89 ± 0.06 30,912 0.81 ± 0.07

WHtR  < 30 9527 0.45 ± 0.05 4727 0.48 ± 0.05 4800 0.43 ± 0.04
30–60 58,655 0.50 ± 0.05 35,709 0.51 ± 0.05 22,946 0.47 ± 0.05
 ≥ 60 8733 0.53 ± 0.06 5567 0.52 ± 0.05 3166 0.53 ± 0.06
Total 76,915 0.49 ± 0.06 46,003 0.51 ± 0.05 30,912 0.47 ± 0.06

BMI  < 30 9527 21.93 ± 3.47 4727 23.65 ± 3.48 4800 20.24 ± 2.49
30–60 58,655 23.92 ± 3.20 35,709 25.02 ± 2.97 22,946 22.21 ± 2.77
 ≥ 60 8733 24.23 ± 3.09 5567 24.40 ± 3.01 3166 23.92 ± 3.21
Total 76,915 23.71 ± 3.29 46,003 24.8 ± 3.07 30,912 22.08 ± 2.93

BRI  < 30 9527 2.59 ± 0.92 4727 2.96 ± 0.94 4800 2.21 ± 0.72
30–60 58,655 3.33 ± 1.00 35,709 3.62 ± 0.92 22,946 2.87 ± 0.93
 ≥ 60 8733 3.91 ± 1.11 5567 3.81 ± 1.02 3166 4.07 ± 1.25
Total 76,915 3.30 ± 1.05 46,003 3.58 ± 0.96 30,912 2.89 ± 1.05

BAI  < 30 9527 25.66 ± 3.06 4727 24.80 ± 3.00 4800 26.51 ± 2.88
30–60 58,655 26.91 ± 3.12 35,709 26.02 ± 2.79 22,946 28.30 ± 3.11
 ≥ 60 8733 28.34 ± 3.91 5567 26.82 ± 3.08 3166 31.02 ± 3.79
Total 76,915 26.92 ± 3.28 46,003 25.99 ± 2.88 30,912 28.3 ± 3.35

ABSI  < 30 9527 0.075 ± 0.004 4727 0.076 ± 0.004 4800 0.074 ± 0.005
30–60 58,655 0.077 ± 0.004 35,709 0.078 ± 0.004 22,946 0.075 ± 0.005
 ≥ 60 8733 0.079 ± 0.005 5567 0.079 ± 0.005 3166 0.079 ± 0.005
Total 76,915 0.077 ± 0.005 46,003 0.078 ± 0.004 30,912 0.075 ± 0.005
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Multiple linear regression analysis of MetS 
components and anthropometric indices

After adjusting for age, alcohol consumption, and 
smoking, anthropometric indices AVI, WHR, WHtR, C 

Table 4   Correlation between 
anthropometric indices and 
cardiovascular risk factors

p < 0.05 for all values
ABSI a body shape index, AVI abdominal volume index, BAI body adiposity index, BMI body mass index, 
BRI body roundness index, C index conicity index, DBP diastolic blood pressure, FBG fasting blood glu-
cose, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SBP systolic 
blood pressure, TC total cholesterol, TG triglyceride, VLDL very low-density lipoprotein, WHR waist-hip 
ratio, WHtR waist-to-height ratio

AVI WHR WHtR CI BMI BRI BAI ABSI

SBP 0.385 0.366 0.392 0.302 0.380 0.390 0.155 0.190
DBP 0.395 0.347 0.354 0.269 0.387 0.351 0.083 0.151
FBG 0.235 0.252 0.248 0.208 0.213 0.249 0.082 0.150
TC 0.164 0.186 0.196 0.162 0.159 0.190 0.097 0.119
TG 0.359 0.352 0.333 0.266 0.343 0.328 0.058 0.165
HDL-C  − 0.485  − 0.452  − 0.414  − 0.327  − 0.471  − 0.403  − 0.019  − 0.181
LDL-C 0.219 0.233 0.236 0.193 0.216 0.227 0.087 0.130
VLDL 0.359 0.352 0.333 0.266 0.343 0.328 0.058 0.165

Table 5   Multiple linear 
regression analysis of MetS 
components and anthropometric 
indices

*p > 0.05, elsewhere p < 0.05
ABSI a body shape index, AVI abdominal volume index, BAI body adiposity index, BMI body mass index, 
BRI body roundness index, C index conicity index, DBP diastolic blood pressure, FBG fasting blood glu-
cose, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, SBP systolic 
blood pressure, TC total cholesterol, TG triglyceride, WHR waist-hip ratio, WHtR waist-to-height ratio

β SBP DBP Glucose TC TG HDL-C LDL-C

AVI 0.109 0.136 0.065  − 0.061 0.097  − 0.295 0.148
WHR 0.065 0.095 0.065  − 0.062 0.104  − 0.265 0.146
WHtR 0.105 0.107 0.060  − 0.047 0.111  − 0.274 0.149
CI 0.042 0.073 0.048  − 0.039 0.078  − 0.193 0.106
BMI 0.140 0.135 0.055  − 0.055 0.100  − 0.313 0.160
BRI 0.109 0.106 0.064  − 0.048 0.112  − 0.264 0.143
BAI 0.073 0.028 0.011 0.016* 0.058  − 0.074 0.048
ABSI  − 0.006* 0.030 0.032  − 0.024* 0.050  − 0.092 0.056

Table 6   ROC curve analysis of different anthropometric indices to predict MetS components in male participants

p < 0.05
ABSI a body shape index, AUC​ area under the curve, AVI abdominal volume index, BAI body adiposity index, BMI body mass index, BRI body 
roundness index, CI confidence interval, C index conicity index, HDL-C high-density lipoprotein cholesterol, MetS metabolic syndrome, ROC 
receiver operating characteristic, WC waist circumference, WHR waist-hip ratio, WHtR waist-to-height ratio

Abdominal obesity Hypertriglyceridemia Hyperglycemia Hypertension Low-HDL

AUC​ 95% CI AUC​ 95% CI AUC​ 95% CI AUC​ 95% CI AUC​ 95% CI

AVI 1.000 1.000–1.000 0.686 0.681–0.691 0.630 0.624–0.635 0.651 0.646–0.656 0.664 0.658–0.67
WHR 0.878 0.875–0.882 0.672 0.668–0.677 0.649 0.643–0.654 0.635 0.630–0.640 0.639 0.632–0.645
WHtR 0.955 0.953–0.956 0.683 0.678–0.687 0.650 0.644–0.655 0.658 0.653–0.663 0.653 0.647–0.66
CI 0.878 0.874–0.881 0.622 0.616–0.627 0.616 0.61–0.622 0.609 0.603–0.614 0.585 0.579–0.592
BMI 0.900 0.897–0.903 0.688 0.683–0.693 0.621 0.616–0.627 0.648 0.643–0.653 0.677 0.671–0.683
BRI 0.955 0.953–0.956 0.683 0.678–0.687 0.650 0.644–0.655 0.658 0.653–0.663 0.653 0.647–0.66
BAI 0.771 0.767–0.776 0.607 0.602–0.613 0.595 0.589–0.601 0.612 0.607–0.617 0.590 0.583–0.597
ABSI 0.738 0.734–0.743 0.557 0.551–0.562 0.576 0.570–0.582 0.558 0.552–0.563 0.521 0.514–0.528
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index, BMI, and BRI are all associated with cardiovascular 
risk factors (Table 5; p < 0.001), while ABSI and BAI are 
not. BAI values correlate with all cardiovascular risk 
factors with the exception of TC. ABSI values correlate 
with all the cardiovascular risk factors with the exception 
of SBP and TC. Anthropometric indices are negatively 
correlated with HDL-C. With the exception of BAI and 
ABSI, all the other indices are negatively correlated with 
TC.

ROC curve analysis of different anthropometric 
indices to predict MetS components

Tables  6 and 7 show results from the ROC analysis 
results of anthropometr ic indices predicting the 
presence of MetS components. These component 
indicators are abdominal obesity, hypertriglyceridemia, 
hyperglycemia, hypertension, and low HDL-cholesterol. 
AVI had an obvious differential effect on abdominal 
obesity, with an AUC value of 1.00 for both sexes. In 
addition, the values of WHR, WHtR, C index, BMI, 
and BRI are also able to identify abdominal obesity 
with AUC values above 0.90, while the AUC values 
for BAI and ABSI are above 0.80, but below 0.90. 
For hypertriglyceridemia, the highest AUC values 
correspond to BMI for men, WHtR, and BRI for women 
(0.688 for men, 0.747 for women). For hyperglycemia, 
the highest AUC values for males and females 
correspond to WHtR and BRI (0.650 for males, 0.712 
for females). For hypertension, the highest AUC values 
for men and women correspond to BRI and WHtR 
(0.658 for men, 0.701 for women). For low HDL-C, the 
highest AUC for men and women correspond to BMI 
(0.677 for men, 0.696 for women).Ta
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Table 8   Logistic analysis of MetS and anthropometric indices

ABSI a body shape index, AVI abdominal volume index, BAI body 
adiposity index, BMI body mass index, BRI body roundness index, 
CI confidence interval, C index conicity index, MetS metabolic syn-
drome, WC waist circumference, WHR waist-hip ratio, WHtR waist-
to-height ratio

B Sig Exp(B) 95% CI for EXP(B)

Lower Upper

AVI 0.584 0.000 1.793 1.774 1.813
WHR 21.962 0.000 3.452E + 09 2.156E + 09 5.526E + 09
WHtR 30.188 0.000 1.289E + 13 7.185E + 12 2.314E + 13
BMI 0.460 0.000 1.585 1.570 1.599
CI 14.614 0.000 2.223E + 06 1.560E + 06 3.166E + 06
BRI 1.484 0.000 4.412 4.287 4.540
BAI 0.257 0.000 1.293 1.283 1.302
ABSI 121.589 0.000 6.391E + 52 4.378E + 50 9.330E + 54
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Logistic analysis of MetS and anthropometric 
indices

Results from binary Logistic regression analysis (Table 8) 
show that anthropometric values in the study population 
independently correlate with MetS even after adjusting for 
age, gender, drinking, and smoking.

ROC curve analysis of anthropometric indicators 
for MetS in the general population

Table 9 shows that AVI among all the anthropometric indi-
ces has the largest AUC and thus the strongest ability to 
predict MetS.

ROC curve analysis of anthropometric indices 
to identify MetS aged ≥ 60 years

Results from ROC curve analysis in Table 10 and Fig. 1A, 
and Table 11 and Fig. 1B show that AVI has the largest 
AUC in those aged ≥ 60 years. Among men over the age 
of 60 years, an AVI cutoff of 16 predicted MetS with a 

sensitivity of 74.70% and a specificity of 84.90%. The area 
under the ROC curve is 0.84 (p < 0.001). Among women 
over the age of 60 years, an AVI cutoff of 12.8 predicted 
MetS with a sensitivity of 90.13% and a specificity of 
63.72%. The area under the ROC curve is 0.80 (p < 0.001).

ROC curve analysis of anthropometric indices 
to identify MetS in participants aged 30–60 years

Results from ROC curve analysis in Table 12 and Fig. 1C, 
and Table 13 and Fig. 1D show that AVI has the largest area 
under the curve in participants aged 30–60 years. Among 
men in this age group, an AVI cutoff of 16.0 predicts MetS 
with a sensitivity of 80.44% and a specificity of 82.36%. 
The area under the ROC curve is 0.85 (p < 0.001). Among 
women aged 30–60 years, an AVI cutoff of 12.82 predicted 
MetS with a sensitivity of 87.72% and a specificity of 
83.47%. The area under the ROC curve is 0.90 (p < 0.001).

ROC curve analysis of anthropometric indices 
to identify MetS in participants aged < 30 years old

Results from ROC curve analysis in Table 14 and Fig. 1E, 
and Table 15 and Fig. 1F show that AVI has the largest AUC 
in the participants aged < 30 years. Among men in this age 
group, an AVI cutoff of 16.22 predicts MetS with a sen-
sitivity of 87.97% and a specificity of 88.65%. The area 
under the ROC curve is 0.92 (p < 0.001). Among women 
aged < 30 years, an AVI cutoff of 12.79 predicts MetS with 
a sensitivity of 95.92% and a specificity of 93.79%. The area 
under the ROC curve is 0.97 (p < 0.001).

AVI showed the strongest ability to predict MetS among 
different genders and age groups.

Discussion

This is the first large-scale cross-sectional study compar-
ing eight anthropometric indices (AVI, WHR, WHtR, CI, 
BMI, BRI, BAI, ABSI) with cardiovascular risk factors and 
MetS. Our results show that AVI, among the eight indices 

Table 9   ROC curve analysis of anthropometric indicators for MetS in 
the general population

ABSI a body shape index, AVI abdominal volume index, BAI body 
adiposity index, BMI body mass index, BRI body roundness index, 
CI confidence interval, C index conicity index, MetS metabolic syn-
drome, WC waist circumference, WHR waist-hip ratio, WHtR waist-
to-height ratio

AUC​ p 95% confidence interval

Lower bound Upper bound

AVI 0.888 0.000 0.885 0.891
WHR 0.842 0.000 0.838 0.845
WHtR 0.874 0.000 0.871 0.877
BMI 0.862 0.000 0.859 0.865
CI 0.811 0.000 0.808 0.815
BRI 0.874 0.000 0.871 0.877
BAI 0.779 0.000 0.776 0.783
ABSI 0.745 0.000 0.741 0.749

Table 10   ROC curve analysis 
of anthropometric indices 
to identify MetS in men 
aged ≥ 60 years

Youden index Cutoff AUC​ p Sen Spe PPV NPV LR+ LR−

AVI 0.60  > 16 0.84  < 0.0001 74.70 84.90 64.47 90.15 4.95 0.30
WHR 0.39  > 0.91 0.76  < 0.0001 73.29 65.36 43.70 86.96 2.12 0.41
WHtR 0.50  > 0.537 0.82  < 0.0001 73.43 76.41 53.31 88.69 3.11 0.35
CI 0.37  > 1.24 0.75  < 0.0001 73.76 63.49 42.56 86.84 2.02 0.41
BMI 0.44  > 25.08 0.79  < 0.0001 72.62 71.62 48.42 87.70 2.56 0.38
BRI 0.50  > 4.09 0.82  < 0.0001 73.16 76.90 53.74 88.65 3.17 0.35
BAI 0.27  > 27.39 0.68  < 0.0001 60.44 66.49 39.82 82.09 1.80 0.59
ABSI 0.12  > 0.07 0.59  < 0.0001 92.97 18.83 29.58 87.96 1.15 0.37
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examined, correlates more strongly with cardiovascular risk 
factors and MetS, and it has the strongest ability to predict 
MetS. This result provides a new means by which to screen 
for cardiovascular risk factors and MetS.

This study reveals that the prevalence rate of MetS was 
16.81% in a sample of 76,915 participants, which is similar 
to the results in a group of Chinese Singaporeans (16.8%) 
[18]. This may be attributed to the fact that both studies 
focus on participants of Chinese ethnicity. It is reported that 
Indians and Malays have higher MetS prevalence rates than 
the Chinese. In our study, among the population which meets 
the criteria for MetS, the most commonly occurring com-
ponent of MetS is hypertension (40.36%), while the least 

common is reduced HDL-cholesterol (15.63%). The same 
components are identified in the study by Ceolin and col-
leagues in a group of 60–100 year-olds from Brazil. This is 
the same as the results of Ceolin et al [19].

In our study sample, the AVI of those under the age of 
30 years has the largest area under the ROC curve in both 
male and female populations, consistent with the results of 
Perona and colleagues [20]. Their study identifies AVI as 
well as WC as the most powerful discriminating anthropo-
metric indicators of MetS in Spanish adolescents. Studies 
have shown that WC and AVI can predict MetS in adoles-
cents, but only when using the International Diabetes Feder-
ation Diagnostic Criteria [21]. In line with these findings, in 

Fig. 1   A–F ROC curve analysis 
of anthropometric indices to 
identify MetS across gender and 
age group

676



1 3

International Journal of Diabetes in Developing Countries (December 2022) 42 (4):666–682	

our study, we find similar patterns in people under 30 years 
old using NCEP-ATP diagnostic criteria for MetS.

In a study on postmenopausal women in Brazil, research-
ers find that anthropometric indices including WC, WHtR, 
BMI, BAI, and CI have different degrees of correlation 
with MetS [22]. Compared with the percentage of body fat 
derived from dual-energy X-ray absorptiometry (DXA), 
which is considered as the gold standard, indicators of 
central obesity (such as WC and WHtR) are more strongly 

correlated with MetS. In that study, their cutoff values for 
predicting MetS were 88 cm for WC, 0.57 cm/cm for WHtR, 
26.85 kg/m2 for BMI, 36.34% for BAI, and 1.24 units for 
C index. In our study, although we do not employ DXA 
to measure body fat composition, similarly, we find ABSI 
and WHtR to be more strongly correlated with MetS. The 
cutoff value of predicting MetS in women over 60 years old 
is 79 cm for WC, 0.531 cm/cm for WHtR, 22.99 kg/m2 for 
BMI, 30.68% for BAI, and 1.22 units for C index. The area 

Table 11   ROC curve analysis 
of anthropometry indices 
to identify MetS in women 
aged ≥ 60 years

ABSI a body shape index, AVI abdominal volume index, AUC​ area under the curve, BAI body adiposity 
index, BMI body mass index, BRI body roundness index, CA crude accuracy, C index conicity index, LR+ 
positive likelihood ratio, LR− negative likelihood ratio, MetS metabolic syndrome, NPV negative predic-
tive value, PPV positive predictive value, SEN sensitivity, SPE specificity, WC waist circumference, WHR 
waist-hip ratio, WHtR waist-to-height ratio

Youden index Cutoff AUC​ p Sen Spe PPV NPV LR+ LR−

AVI 0.54  > 12.8 0.80  < 0.0001 90.13 63.72 59.12 91.73 2.48 0.15
WHR 0.38  > 0.87 0.75  < 0.0001 76.14 62.32 54.05 81.77 2.02 0.38
WHtR 0.47  > 0.531 0.78  < 0.0001 78.80 68.37 59.19 84.71 2.49 0.31
CI 0.34  > 1.22 0.72  < 0.0001 73.05 60.57 51.89 79.43 1.85 0.44
BMI 0.38  > 22.99 0.75  < 0.0001 83.78 53.97 51.45 85.11 1.82 0.30
BRI 0.47  > 3.96 0.78  < 0.0001 78.80 68.37 59.19 84.71 2.49 0.31
BAI 0.23  > 30.68 0.66  < 0.0001 64.21 58.77 47.55 73.82 1.56 0.61
ABSI 0.16  > 0.07 0.61  < 0.0001 89.36 26.74 41.53 81.19 1.22 0.40

Table 12   ROC curve analysis 
of anthropometric indices to 
identify MetS in men aged 
30–60 years

Youden index Cutoff AUC​ p Sen Spe PPV NPV LR+ LR−

AVI 0.63  > 16.04 0.85  < 0.0001 80.48 82.34 57.39 93.45 4.56 0.24
WHRR 0.43  > 0.9 0.79  < 0.0001 77.39 65.92 40.16 90.80 2.27 0.34
WHtR 0.53  > 0.528 0.83  < 0.0001 76.49 76.77 49.32 91.70 3.29 0.31
CI 0.38  > 1.22 0.75  < 0.0001 75.12 63.24 37.65 89.58 2.04 0.39
BMI 0.47  > 25.53 0.81  < 0.0001 77.90 68.87 42.51 91.34 2.50 0.32
BRI 0.53  > 3.9 0.83  < 0.0001 76.72 76.57 49.18 91.76 3.27 0.30
BAI 0.29  > 26.48 0.70  < 0.0001 63.95 64.91 35.01 85.90 1.82 0.56
ABSI 0.17  > 0.07 0.59  < 0.0001 88.94 27.77 26.68 89.47 1.23 0.40

Table 13   ROC curve analysis 
of anthropometric indices to 
identify MetS in women aged 
30–60 years

ABSI a body shape index, AVI abdominal volume index, AUC​ area under the curve, BAI body adiposity 
index, BMI body mass index, BRI body roundness index, CA crude accuracy, C index conicity index, LR+ 
positive likelihood ratio, LR− negative likelihood ratio, MetS metabolic syndrome, NPV negative predic-
tive value, PPV positive predictive value, SEN sensitivity, SPE specificity, WC waist circumference, WHR 
waist-hip ratio, WHtR waist-to-height ratio

Youden index Cutoff AUC​ p Sen Spe PPV NPV LR+ LR−

AVI 0.71  > 12.82 0.90  < 0.0001 87.82 83.47 30.15 98.83 5.31 0.15
WHR 0.56  > 0.83 0.85  < 0.0001 83.35 72.47 19.74 98.17 3.03 0.23
WHtR 0.65  > 0.497 0.89  < 0.0001 86.08 78.53 24.57 98.58 4.01 0.18
CI 0.47  > 1.16 0.80  < 0.0001 81.73 64.94 15.92 97.77 2.33 0.28
BMI 0.57  > 23.24 0.86  < 0.0001 83.87 73.44 20.42 98.25 3.16 0.22
BRI 0.65  > 3.3 0.89  < 0.0001 86.08 78.53 24.57 98.58 4.01 0.18
BAI 0.37  > 29.13 0.74  < 0.0001 70.71 66.13 14.50 96.53 2.09 0.44
ABSI 0.30  > 0.07 0.66  < 0.0001 72.51 57.36 12.14 96.25 1.70 0.48
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under the curve of AVI is superior to that of WHtR, showing 
a stronger ability for predicting MetS.

In this study, we also assess the ability of anthropometric 
indicators to distinguish MetS. The results suggest that all 
anthropometric indexes are capable of significantly differ-
entiating individuals with MetS from those without MetS. 
Since there is a strong correlation between insulin resist-
ance and dyslipidemia in visceral obesity, it is important to 
have a high discriminability of obesity index in predicting 
MetS [23]. Different studies have evaluated anthropometric 
indicators that best predict metabolic risk factors in different 
ethnic groups, but the results are inconsistent. There is no 
consensus on the best predictor of MetS or its major com-
ponents. For instance, previous studies have shown that WC 
can predict MetS better than BMI, WHR, and WHtR [24] 
[21]. However, a cross-sectional study of the Chinese adult 
population reports that WC, WHR, and BMI are equiva-
lent indicators in distinguishing MetS [25]. Another study 
concludes that BMI may be a better indicator for screening 
Chinese men aged 40 and over for obesity, dyslipidemia, 
and other risk factors, while WHtR may be more suitable 
for Chinese women, especially those aged 70 and over [26]. 
Our study indicates that AVI was a better predictor of MetS 
than BMI in men and women of all ages.

Young people tend to be more active than older people 
are, and a greater proportion of their weight is attributable to 
muscle rather than fat. Thus, BMI is not an effective meas-
ure of body fat composition, and it is unlikely to be used 
as a MetS screening indicator in younger populations. A 
prospective cohort study on the 1552 Qatari adult popula-
tion demonstrates that WC has better predictive power for 
MetS compared to other indices such as BMI and WHR 
[27]. Quaye et al.’s study [28] in a population of 160 appar-
ently healthy normoglycemic normotensive adults showed 
a better correlation between BMI and WC, with MetS and 
other cardiovascular risk factors than do AVI, BAI, and C 
index. The AUCs that BMI and WC predict MetS and its 
components, as they are larger than that of AVI, BAI, and 
C index. However, after accounting for gender differences, 
the AUCs that AVI and C index predict MetS in women, 
while BMI is still the optimal indicator in men. In this study, 
some anthropometric indicators are found to be associated 
with cardiovascular risk factors, which are similar to the 
results of Yang, et al. [24], Sinaga et al. [29], Tian et al. [30], 
Lawrence Quaye et al. [28], among other studies. However, 
our study notes that the AUC of AVI is the largest among 
all indices examined, and is the best predictor for the MetS. 
The AUC of C index predicts MetS in all females, but its 

Table 14   ROC curve analysis 
of anthropometric indices 
to identify MetS in male 
aged < 30 years

Youden index Cutoff AUC​ p Sen Spe PPV NPV LR+ LR−

AVI 0.77  > 16.22 0.92  < 0.0001 87.97 88.65 38.19 98.93 7.75 0.14
WHR 0.56  > 0.87 0.85  < 0.0001 83.09 72.82 19.59 98.18 3.06 0.23
WHtR 0.70  > 0.513 0.91  < 0.0001 86.53 83.12 29.01 98.72 5.13 0.16
CI 0.48  > 1.2 0.81  < 0.0001 75.93 72.50 18.04 97.42 2.76 0.33
BMI 0.66  > 26.17 0.90  < 0.0001 82.52 83.67 28.72 98.36 5.05 0.21
BRI 0.70  > 3.6 0.91  < 0.0001 86.53 83.12 29.01 98.72 5.13 0.16
BAI 0.45  > 25.25 0.80  < 0.0001 84.81 60.37 14.57 98.03 2.14 0.25
ABSI 0.22  > 0.07 0.61  < 0.0001 77.08 44.88 10.03 96.09 1.40 0.51

Table 15   ROC curve analysis 
of anthropometric indices 
to identify MetS in female 
aged < 30 years

ABSI a body shape index, AVI abdominal volume index, AUC​ area under the curve, BAI body adiposity 
index, BMI body mass index, BRI body roundness index, CA crude accuracy, C index conicity index, LR+ 
positive likelihood ratio, LR− negative likelihood ratio, MetS metabolic syndrome, NPV negative predic-
tive value, PPV positive predictive value, SEN sensitivity, SPE specificity, WC waist circumference, WHR 
waist-hip ratio, WHtR waist-to-height ratio

Youden index Cutoff AUC​ p Sen Spe PPV NPV LR+ LR−

AVI 0.90  > 12.79 0.97  < 0.0001 95.92 93.79 61.86 99.55 15.45 0.04
WHR 0.69  > 0.79 0.93  < 0.0001 97.96 71.35 26.42 99.70 3.42 0.03
WHtR 0.85  > 0.483 0.96  < 0.0001 95.92 89.12 48.08 99.52 8.82 0.05
CI 0.57  > 1.14 0.86  < 0.0001 85.71 70.85 23.59 97.93 2.94 0.20
BMI 0.84  > 23.37 0.95  < 0.0001 93.88 90.49 50.90 99.29 9.87 0.07
BRI 0.85  > 3.05 0.96  < 0.0001 95.92 89.12 48.08 99.52 8.82 0.05
BAI 0.60  > 28.76 0.85  < 0.0001 79.59 80.47 29.97 97.41 4.08 0.25
ABSI 0.25  > 0.07 0.63  < 0.0001 59.18 65.40 15.23 93.85 1.71 0.62
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value is lower than that of BMI. Such as, AVI is the optimal 
indicator to predict MetS.

Mamtani and Kuljiarni [31] found no correlation between 
CI and fasting and postprandial glucose, while in this study, 
it was found that CI was correlated with fasting blood glu-
cose, with a correlation coefficient of 0.208 (p < 0.05), which 
was still correlated after adjusting for age, gender, smok-
ing, and drinking. Motamed [32] and Wang [33] et al. found 
that CI and AVI performed better in women after gender 
stratification.

In the AVI formula, when WC is lower than HC, an 
increase in HC will lead to an increase in AVI [32]. Since 
HC of women is larger than WC, an increase in HC usually 
leads to an increase in AVI. Thus, the predictive ability of 
AVI for the two genders will be different. As shown in this 
study, the ability of AVI in women to predict MetS is greater 
than that in men. AVI demonstrates good differentiation 
ability in MetS screening. As such, in addition to the more 
classic obesity indicators of WC, WHR, and WHtR, the 
newer AVI can also be considered as an appropriate obesity 
index for MetS screening. Previous studies show that AVI is 
closely associated with impaired glucose tolerance and type 
2 diabetes [32]. The obesity patterns we calculated for AVI 
are similar to the truncated cones of lower-body obesity in 
women and upper body obesity in men. The advantage of 
estimating abdominal volume with AVI is that it predicts 
what is likely to happen with both patterns. Meanwhile, the 
belly volume underestimated by the AVI formula is likely to 
be minimal and does not affect the overall volume estimate.

Mamtani and Kulkarni [31] report no correlation between 
C index and fasting or postprandial glucose. However, in 
this study, we find that the C index is correlated with fast-
ing blood glucose, with a correlation coefficient of 0.208 
(p < 0.05), even after adjusting for age, gender, smoking, and 
drinking status. Both Motamed et al. [32] and Wang et al. 
[33] find that C index and AVI perform better in predicting 
MetS in women after accounting for gender differences.

Differences in results between studies can be attributed 
to differences in anthropometric characteristics between eth-
nicities and nationalities. With regard to ethnic differences, 
a study on a Kazak sample of adults in Xinjiang China sug-
gests that WHtR was a better indicator screening MetS in 
Kazak men and women [34], compared to our finding of AVI 
to be the best predictor of MetS in men and women. These 
differences may be attributed to racial differences and the 
use of different diagnostic criteria [35, 36]. Concerning dif-
ferences between countries, a study of Korean men at MetS 
screening reports that WHtR shows greater discrimination 
compared to BMI. They find WHR to be the best screening 
tool and is more effective than either BMI or WC in screen-
ing for adult metabolic risk factors [37], compared with AVI 
in our study. The San Antonio Heart Study [38] in non-His-
panic whites and Mexican–American reports that BMI and 

WC have similar predictive effects for MetS development. 
The variations of findings may be related to different char-
acteristics of obesity based on ethnicity [39].

AVI has a good differentiation ability in MetS screening. 
Therefore, besides WC, WHR, and WHtR, AVI can also be 
considered as the appropriate obesity index for MetS screen-
ing. AVI is extrapolated from anthropometry and is closely 
related to impaired glucose tolerance and type 2 diabetes [8].

Moreover, studies in China showed that the overall bur-
den of CVD in China has significantly increased, with obvi-
ous regional differences [40]. In this study, we note that AVI 
has a strong MetS discrimination ability in a sample of urban 
residents in west China. Taken together the advantages of 
AVI and results from our study, it is of great practical signifi-
cance to be able to use AVI for MetS screening in Chengdu 
metropolitan area.

In our study, we note that the means of BAI in women 
are higher than that of men; the BAI values increase with 
the increase of age, with the highest value over 60 years of 
age. The reason may come from changes in body composi-
tion in postmenopausal women. Decreased estrogen produc-
tion leads to increased age-related obesity and metabolic 
disorders. Women of this age group show less physical 
activity, which may lead to decreased thigh muscle mass 
and increased visceral fat accumulation [41]. In the normal 
distribution of male and female adipose tissue, women tend 
to accumulate excess fat in the lower buttocks (thighs and 
buttocks). Later, they tend to accumulate excess fat in the 
upper body, giving rise to central obesity [42]. In addition, 
women naturally store fat under the skin, while men store 
fat in the gut.

In our study, we report that ABSI shows the lowest AUC 
across genders and different age groups in predicting MetS, 
indicating that ABSI is the weakest predictor of MetS in the 
population. Zhou et al. [17] find that ABSI and C index are 
the weakest indicators of MetS in middle-aged and elderly 
maintenance hemodialysis patients in China. This is simi-
lar to our findings on ABSI. Similarly, Zhang et al.’s study 
[43] report that ABSI shows the lowest AUC in discriminat-
ing MetS and most cardiometabolic risk factors. Therefore, 
ABSI could not be used as an alternative index.

Our study utilizes an anthropometric approach to pre-
dict the optimal cutoff point for MetS, which can be eas-
ily used in clinical practice. We find that the critical value 
of other anthropometric indicators with exception of ABSI 
can be used to identify MetS. Additionally, some anthro-
pometric indicators, such as BAI, predict MetS in women 
more strongly than in men. As such, applying the measures 
selectively, such as using the BAI for women only, taking 
into account gender differences in clinical practice is crucial 
and more efficient.

This study has some limitations. First, this is a cross-
sectional study that provides less evidence over time than 
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results from longitudinal or randomized epidemiological 
studies. The cross-sectional nature of the design does not 
allow for the direction of the assessment of risk factors 
and health outcomes. Further cohort studies are needed 
to confirm the findings. Second, because the study is con-
ducted in a single ethnic group, caution should be exer-
cised in extending these results to other ethnic groups. 
Well-designed longitudinal studies across different ethnic 
groups are needed to extend our findings. Despite the limi-
tations, we believe our study sample size is substantially 
large, to contribute significantly to the current literature 
on identifying anthropometric indices that can most effec-
tively predict MetS.

Conclusion

AVI, WHR, WHtR, BMI, C index, and BAI are anthropo-
metric indices significantly associated with cardiovascular 
risk factors. Anthropometric indices are useful screening 
tools for MetS or its components, and cardiovascular risk 
factors. Of all the anthropometric indices studied, AVI is 
the best index in distinguishing MetS.
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