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Abstract 

Objective  To study the effectiveness of waist circumference cut-off values in predicting the prevalence 
of metabolic syndrome (MetS) and risk factors in adults in China. 

Methods  A cross-sectional survey was condcuted in 14 provinces (autonomous region, municipality) in 
China. A total of 47 325 adults aged ≥20 years were selected by multistage stratified sampling, and 
questionnaire survey and physical and clinical examination were conducted among them. MetS was 
defined according to the International Diabetes Federation (IDF) criteria and modified IDF criteria. 
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Results  The age-standardized prevalence of MetS was 24.2% (22.1% in men and 25.8% in women) and 
19.5% (22.1% in men and 18.0% in women) according to the IDF criteria and modified IDF criteria 
respectively. The age-standardized prevalence of pre-MetS was 8.1% (8.6% in men and 7.8% in women) 
according to the modified IDF criteria. The prevalence of MetS was higher in urban residents than rural 
residents and in northern China residents than in southern China residents. The prevalence of central 
obesity was about 30% in both men and women according to the ethnicity-specific cut-off values of 
waist circumference for central obesity (90 cm for men and 85 cm for women). Multivariate regression 
analysis revealed no significant difference in risk factors between the two MetS definitions. 

Conclusion  Using both the modified IDF criteria and ethnicity-specific cut-off values of waist 
circumference can provide more useful information about the prevalence of MetS in China. 
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INTRODUCTION 

he prevalence of overweight has increased 
greatly in China due to the changed 
lifestyle in Chinese people. By the end of 

2008, overweight or obese people in China had 
accounted for nearly 20% of the 1.5 billion 
overweight or obese people in the world[1-2]. 
Overweight and obesity are the major forms of 
metabolic syndrome (MetS) which is an important 
risk factor for cardiovascular disease (CVD) and 
diabetes[3-4]. In China, the prevalence of MetS was 
9.8% in men and 17.8% in women according to the 
criteria of the US National Cholesterol Education 
Program Adult Treatment Panel (ATP III) in a 
cross-sectional survey conducted in 2000-2001[5]. 
However, ATP III criteria did not include central 
obesity for the diagnosis of MetS[6]. The International 
Diabetes Federation (IDF) definition requires 
abdominal obesity to be a prerequisite for the 
diagnosis of MetS and emphasize waist 
measurement as a simple screening tool[7]. The IDF 
criteria recognize and emphasize the ethnic 
differences in waist circumference. For the people of 
European origin, the IDF specified cut-off value of 
waist circumference for central obesity is ≥94 cm in 
men and ≥80 cm in women[7]. For Asian populations, 
the cut-off value of waist circumference for central 
obesity is ≥90 cm in men and ≥80 cm in women; but 
the cut-off value is ≥85 cm for Japanese men and 
≥90 cm for Japanese women[8]. 

One study conducted in a community in 
Shanghai indicated that the maximal difference in 
waist circumference between men and women was 
about 5 cm[9]. Some studies suggested that the 
appropriate cut-off value of waist circumference for 

abdominal obesity in Chinese is ≥90 cm for men and 
≥85 cm for women[10-12]. The largest Youden index 
which indicates the best trade-off between 
sensitivity and specificity can be assessed according 
to the receiver operating characteristic (ROC) 
curves[11]. In 2007, the Chinese Joint Committee for 
Developing Chinese Guidelines (JCDCG) on 
Prevention and Treatment of Dyslipidemia in Adults 
recommended a new definition of MetS[10,13] which 
focuses on the characteristics of metabolic 
disturbance in China[12]. The waist circumference 
cut-off value in JCDCG definition is ≥90 cm for men 
and ≥85 cm for women. If the prevalence of MetS in 
Chinese adults is analyzed according to the IDF 
definition, there might be significant bias because 
the cut-off value for central obesity in women is not 
suitable for Chinese women. A new modified IDF 
definition of MetS was proposed in this study, which 
uses the cut-off value of waist circumference 
specified in the JCDCG definition.  

In this study the IDF definition and modified IDF 
definition were used to compare the prevalence of 
MetS in Chinese adults and analyze the related risk 
factors for MetS. 

METHODS 

Study Subjects 

In this cross-sectional study conducted from 
June 2007 to May 2008, 47 325 people (18 976 men 
and 28 349 women) aged ≥20 years were selected by 
multistage stratified sampling from 152 urban 
communities and 112 rural villages in 14 provinces 
(autonomous region, municipality) i.e. Liaoning, 
Shanxi, Shandong, Shaanxi, Henan, Heilongjiang, 

T 
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Hunan, Guangzhou, Sichuan, Jiangsu, Fujian, Xinjiang, 
Beijing, and Shanghai. The sampling method, 
surveyed areas, and population were consistent with 
a national study[14]. After the exclusion of 2 168 
persons whose data about waist circumference, 
triglycerides (TG), or high-density lipoprotein 
cholesterol (HDL-C) levels missed, 45 157 adults  
(17 959 men and 27 198 women), who had complete 
demographic information, physical examination 
results and laboratory data, completed the study.  

The study protocol and informed consent 
document were approved by the institutional review 
board or ethics committee in each of the 14 
participating centers. The subjects provided their 
written informed consent before data collection as 
in previous study[14].  

Data Collection 

Questionnaire survey was conducted by 
well-trained staff among the subjects to collect the 
information about their demographic characteristics, 
personal and family medical history and lifestyle risk 
factors such as cigarette smoking and alcohol 
consumption[15]. The interview was about the 
diagnosis and treatment of hypertension, diabetes, 
dyslipidemia and other chronic diseases. The 
definitions of cigarette smoking, alcohol 
consumption and regular leisure time physical 
activity has been described in previous report[14]. 
Socioeconomic status of the subjects, including 
occupation, educational level and income, was 
recorded. The economic development levels of the 
provinces (autonomous region, municipality) 
surveyed were determined according to their gross 
domestic product (GDP) per capita in 2006, i.e. 
developed, GDP 23 663-65 473 yuan RMB; 
intermediately developed, GDP 13 123-9 363 yuan 
RMB; and underdeveloped, GDP 6 742-12 843 yuan 
RMB.  

Physical examinations were carried out by 
clinical staff, the body height, body weight, waist 
circumference and blood pressure of the subjects 
were measured by using the same standard protocol 
previously described[15]. Body mass index (BMI) was 
calculated as body weight divided by square of body 
height (kg/m2). 

After overnight fasting for at least 10 h, venous 
blood samples were collected from the subjects for 
the measurement of fasting plasma glucose (FPG), 
TG, total cholesterol, HDL-C, and low-density 
lipoprotein cholesterol (LDL-C). Oral glucose- 
tolerance tests were performed as in previous 

study[14]. A subject without history of diabetes was 
given a cup of standard 75 g glucose drink and a 
subject self-reporting history of diabetes was given a 
steamed bun containing about 80 g of complex 
carbohydrates. Blood samples were taken at 0, 30, 
and 120 min after the glucose load to measure blood 
glucose concentration.  

The blood samples were centrifuged, plasma 
glucose level was measured using the hexokinase 
enzymatic method, serum cholesterol and TG levels 
were measured using commercial reagents at the 
clinical biochemical laboratories in provinces 
(autonomous region, municipality) surveyed.  

Definition of MetS 

The IDF criteria for MetS were used in this 
study[7]. MetS was defined as central obesity (waist 
circumference ≥90 cm in men and ≥80 cm in women) 
with following two or more conditions: 1. serum TG 
level ≥1.7 mmol/L, or receiving treatment for this 
lipid abnormality; 2. HDL-C level <1.03 mmol/L in 
men and <1.29 mmol/L in women, or receiving 
treatment for this lipid abnormality; 3. systolic blood 
pressure (SBP) ≥130 mmHg and/or diastolic blood 
pressure (DBP) ≥85 mmHg, or receiving treatment of 
previously diagnosed hypertension; and 4. FPG ≥100 
mg/dL (5.6 mmol/L), or previously diagnosed type 2 
diabetes. In the modified IDF criteria, the definition 
of central obesity is waist circumference ≥90 cm in 
men and ≥85 cm in women and two or more of the 
above conditions[7].  

Based on studies conducted in China in 
2002[16-17], the following central pre-obesity criteria 
were recommended: I.e. waist circumference 85-90 cm 
for men; waist circumference 80-85 cm for for 
women. The proposed criteria for pre-metabolic 
syndrome (pre-MetS) used this standard of waist 
circumference, together with any two or more of the 
other abnormal conditions included in the IDF 
definition[7]. 

Statistical Analysis 

Descriptive analysis included estimation of mean 
values and standard deviations for continuous 
variables. Prevalence and frequency were expressed 
as percentage. Student t-test was conducted to 
compare differences of continuous variables and χ2 
test was conducted to determine significant 
differences in proportions among categorical 
variables. Age- and sex-standardized prevalence 
were calculated by using data on population 
distribution in China in 2006[18]. Multivariate logistic 
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regression analysis was performed to determine the 
risk factors according to the IDF definition and 
modified IDF definition. Odds ratios (OR) and 95% 
confidence intervals (CI) were presented. All the 
statistical data were analyzed with SPSS 20.0 
software. All the reported P values were two-tailed 
and P values <0.05 was considered statistically 
significant. 

RESULTS 

Demographic Characteristics 

The demographic data of the subjects with and 
without MetS are shown in Table 1. Of the 45 157 
adults recruited in the study, 11 237 and 9 022 were 
diagnosed with MetS according to the IDF criteria 
and modified IDF criteria, respectively, while 3 786 
were diagnosed with pre-MetS according to the 
modified IDF criteria.  

Prevalence of MetS 

The prevalence of MetS is shown in Figure 1. 
The gender-standardized prevalence of MetS was 
24.2% (22.1% in men and 25.8% in women) 
according to the IDF criteria and 19.5% (22.1% in 
men and 18.0% in women) according to the modified 
IDF criteria (Figure 1A).  

According to the two definitions, the prevalence 
of MetS increased with age more significantly in 
women than in men. Due to the different waist 
circumference cut-off values in the modified IDF 
criteria, the age specific prevalence of MetS in 
women according to the modified IDF criteria 

decreased significantly compared with that 
according to the IDF criteria (Figure 1B). The overall 
gender standardized prevalence of pre-MetS was 
8.1% (8.6% in men and 7.8% in women) (Figure 1A). 
The prevalence of pre-MetS was highest in age group 
60-69 years (10.8% in men and 13.7% in women) 
(Figure 1C). 

Table 2 and Figure 2 show the prevalence of 
MetS in areas with different economic development 
levels. The overall prevalence of MetS was lower in 
rural residents than in urban residents in these areas 
according to the IDF criteria and modified-IDF 
criteria (P<0.001). The overall prevalence of MetS 
was 22.1% in rural residents and 26.5% in urban 
residents according to the IDF criteria, while the 
overall prevalence of MetS was 17.7% in rural 
residents and 21.3% in urban residents according to 
the modified-IDF criteria (P<0.001, Figure 2A). 

As shown in Figure 2B, the overall prevalence of 
MetS was higher in northern China than in southern 
China (IDF: 28.0% vs 19.7%; modified IDF: 23.1% vs 
14.7%; all P<0.001). The prevalence of MetS in 
women according to the modified-IDF criteria was 
lower than that according to the IDF criteria. 

Prevalence of Central Obesity and Different Forms 
of MetS  

 The prevalence of central obesity was 35.1% in 
men and 47.5% (IDF criteria) or 29.7% (modified IDF 
criteria) in women. Figure 3A shows the gender 
specific prevalence of each form of MetS in obese 
subjects according to the IDF criteria and modified- 
IDF criteria. The prevalence of elevated blood 
pressure or hypertension was highest among four MetS 

 

Figure 1. Prevalence of MetS and pre-MetS in adults aged ≥20 years according to IDF criteria and 
modified IDF criteria. (A) Gender-standardized prevalence of MetS and pre-MetS; (B) Age and gender 
specific prevalence of MetS; (C) Age and gender specific prevalence of pre-MetS. *P<0.001, I bars 
indicate 95%. 
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forms in both men and women (65.4%, in men, 
53.0% and 58.9% in women), followed by the 
prevalence of hypertriglyceridemia in men (53.6%) 
and the prevalence of HDL-C in women (49.1% and 
50.2%). Except the prevalence of HDL-C in women, 
the prevalence of other forms of MetS according to 
the IDF criteria were lower than those according to 
the modified IDF criteria (P<0.001).  

Figure 3B shows the gender-specific prevalence 
of central obesity in men according to the IDF 
criteria (waist circumference ≥90 cm) and in women 
according to IDF criteria (waist circumference ≥80 cm) 

and according to modified IDF criteria (waist 
circumference ≥85 cm). Only 9.6% of men with 
central obesity recruited in the study had no MetS, 
while 14.2% and 10.8% of women with central 
obesity had no MetS. More than 25% of adults (men 
and women) had at least one form of MetS while 
more than 40% of obese men and more than 30% of 
obese women had two forms of MetS. The 
prevalence of two or more forms of MetS in women 
with central obesity according to the modified IDF 
criteria was higher than that according to the IDF 
criteria. 

Table 2. Prevalence of MetS in Areas with Different Economic Development Levels (%, 95% CI) 

IDF (MetS) Modified IDF 
 MetS Pre-MetS  Items 

Overall Men Women 
Overall Men Women Overall Men Women 

Developed Rural 
24.3 

(23.4-25.2) 

20.7 

(19.3-22.1) 

26.7 

(25.4-28.0) 

19.6 

(18.7-20.5) 

20.7 

(19.3-22.1) 

18.9 

(17.8-20.0) 

8.1 

(7.5-8.7) 

8.4 

(7.4-9.4) 

7.8 

(7.0-8.6) 

Developed Urban 
27.8 

(27.1-28.5) 

25.7 

(24.6-26.8) 

29.1 

(28.2-30.0) 

22.4 

(21.8-23.0) 

25.7 

(24.6-26.8) 

20.4 

(19.6-21.2) 

9.1 

(8.7-9.5) 

9.7 

(9.0-10.4) 

8.7 

(8.1-9.3) 

P <0.001 <0.001 0.003 <0.001 <0.001 0.031 0.011 0.051 0.089 

Intermediately 

developed Rural 

20.6 

(19.0-22.2) 

15.9 

(13.8-18.0) 

24.8 

(22.5-27.1) 

16.4 

(15.0-17.8) 

15.9 

(13.8-18.0) 

16.9 

(14.9-18.9) 

7.9 

(6.9-8.9) 

7.8 

(6.3-9.3) 

8.0 

(6.5-9.4) 

Intermediately 
developed Urban 

25.5 
(24.5-26.5) 

26.5 
(24.8-28.2) 

24.9 
(23.6-26.2) 

20.3 
(19.4-21.2) 

26.5 
(24.8-28.2) 

16.7 
(15.6-17.8) 

8.5 
(7.8-9.2) 

9.0 
(7.9-10.1) 

8.3 
(7.5-9.1) 

P <0.001 <0.001 0.974 <0.001 <0.001 0.909 0.355 0.265 0.791 

Underdeveloped 

Rural 

20.0 

(18.9-21.1) 

17.5 

(15.9-19.1) 

20.8 

(19.4-22.2) 

15.6 

(14.6-16.6) 

17.5 

(15.9-19.1) 

13.6 

(12.4-14.8) 

7.5 

(6.8-8.2) 

7.0 

(6.0-8.0) 

7.8 

(6.9-8.7) 

Underdeveloped 
Urban 

23.8 
(22.7-24.9) 

18.7 
(17.1-20.3) 

28.3 
(26.8-29.8) 

19.3 
(18.3-20.3) 

18.7 
(17.1-20.3) 

20.5 
(19.2-21.8) 

7.8 
(7.1-8.5) 

8.7 
(7.6-9.8) 

7.3 
(6.5-8.1) 

P <0.001 0.31 <0.001 <0.001 0.31 <0.001 0.499 0.042 0.44 

 

Figure 2. The area-specific prevalence of MetS in men and women according to IDF criteria and 
modified IDF criteria. (A) Prevalence of MetS in rural residents and urban residents; (B) Prevalence of 
MetS in southern China and northern China. *P<0.001, I bars indicate 95% CI. 
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Multivariate Risk Assessment 

Multivariate logistic regression analysis revealed 
that age, living in an urban area, higher economic 
level, current smoking, alcohol consumption, family 
history of diabetes, hypertension, or obesity were 
positively correlated with the prevalence of MetS. 
Education level was negatively correlated with the 
prevalence of MetS (Table 3). However, only age, 
family history of diabetes and hypertension were 
positively correlated with the prevalence of pre-MetS. 

DISCUSSION 

 Central obesity is regarded as a defining factor 
to predict MetS due to the evidence linking 
ethnicity-specific waist circumference to 
cardiovascular disease and other forms of MetS[7]. 
Recent studies have shown that Asian people have 
less lean muscle mass and more visceral fat mass at 
lower BMI and waist circumference than western 
populations[19]. Although the IDF criteria suggests the 
waist circumference cut-off values of central obesity 
to be 90 cm for men and 80 cm for women in South 
Asian and China[7], it is important to determine the 
appropriate waist circumference cut-off values for 
central obesity for Chinese men and women. The 
prevalence, characteristics and constituent ratio of 
MetS are different according to the different criteria. 

The high prevalence of MetS in Chinese adults is 

associated with the rapid economic development in 
China. In this study, 19.5% of adults aged ≥20 years 
both in rural area and in urban area had MetS 
according to the modified IDF criteria (22.1% of men 
and 18.0% of women), which was lower than that in 
some developed countries; e.g. 43.7% in US adults[20]. 
The prevalence of MetS in Europe reached 32.2% 
according to the IDF definition[21]. However, in a 
Korean survey using the same waist circumference 
cut-off values and modified IDF definition, the 
age-adjusted prevalence of MetS was significantly 
lower (13.5% in men and 15.0% in women)[22].  

Previous studies have shown that MetS was 
more common in women than in men[5,20-21], but our 
study found opposite results in overall prevalence of 
MetS according to the IDF criteria and modified IDF 
criteria. The statistical analysis according to the age 
specific prevalence indicated that men aged <50 
years were more likely to develop MetS than women 
at the same age. Meanwhile, the increase in the 
prevalence of MetS was more significant in women 
than in men, especially in women aged ≥50 years, 
which was consistent with the findings of previous 
studies[23-24]. This finding might be explained by 
post-menopausal status which is associated with 
increased risk of central obesity. Consistent with 
previous studies[25-26], the MetS prevalence increased 
significantly with age in both men and women, 
which might be explained by age-related increases in 
plasma glucose level and blood pressure[26-27]. 

 

Figure 3. Gender specific prevalence of different forms of MetS in subjects with central obesity (A); 
Gender specific prevalence of different number of forms of MetS (B). *P<0.001, #P<0.05. I bars indicate 
95% CI. 
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Insulin resistance is believed to be the 
underlying mechanism of MetS, and central obesity 
may play an important role in the pathogenesis of 
insulin resistance and MetS[28]. The prevalence of 
central obesity in women was 47.5% according to 
the waist circumference cut-off value ≥80 cm, which 
was lower than the prevalence in men (35.1%). 
However, the prevalence of central obesity in 
women declined to 29.7% according to the modified 
waist circumference cut-off value, which may be a 
more reliable way to indicate the women’s 
pre-epidemic level of central obesity. The present 
data show a substantial difference in the distribution 
of different forms of MetS, and elevated blood 
pressure or hypertension were the most common 
forms among the subjects with central obesity, 
which was consistent with the finding of other 
studies[21,26]. However, consistent with the 
adjustment of waist circumference cut-off values for 
women in our study, the prevalence of all the forms 
of MetS, except the prevalence of HDL-C, was higher 
in obese women with waist circumstance ≥85 cm 
than in those with waist circumstance ≥80 cm. Our 
data indicated that the prevalence of two or more 
forms of MetS in women with central obesity 
according to the modified IDF criteria were higher 
than that according to the IDF criteria. Which 
indicating that larger waist circumference is more 
closely associated with other metabolic risk factors.  

Multivariate regression analysis revealed that 
risk factors were similar in the context of using IDF 
definition or modified IDF definition, which indicated 
there are no significant differences in risk factors 
between the two MetS definitions. However, only 
age, family history of diabetes and family history of 
hypertension were the risk factors for pre-MetS. 
Living in urban area and developed area were 
positively associated with MetS risk in our study, 
which was consistent with the findings in previous 
studies conducted in Asia[29-31] and Africa[32-33]. 
People living in urban area or developed area have 
higher dietary fat intake and less regular leisure time 
physical activity than people living in rural area and 
underdeveloped area[34]. Better education can 
benefit people in the prevention of MetS[26]. 
Moreover, highly educated people can get more 
social, economic, and psychological support[26]. 

There are several limitations in this study. 1, This 
was a cross-sectional study, so we did not perform 
any long-term follow-up. 2, The subjects in urban 
area and women were oversampled; we took this 
condition into account when we calculated statistical 

weights. 3, CVD outcomes and the incidence of 
diabetes were not observed. 4, The detailed data 
about annual income per capita were insufficient by 
nearly 10%, so we did not include the annual income 
per capita in the multivariate regression analysis of 
risk factors. 5, The absence of data about diet 
pattern made it impossible to analyze the correlation 
between nutrition and central obesity. 

In conclusion, the prevalence of MetS was high 
in China according to the IDF criteria and modified 
IDF criteria. Using ethnicity-specific cutoff values of 
waist circumference, the prevalence of central 
obesity was about 30% in both men and women. Our 
findings suggest that using both modified IDF criteria 
and ethnicity-specific cut-off values of waist 
circumference can provide more useful information 
about the prevalence of MetS in China. 
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