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Abstract

Background

Currently, the prevalence of metabolic syndrome (MS) has attracted widespread public

attention. However, there is a war regarding the applicability of the diagnosis in different

populations regarding the distinct criteria for the diagnosis of MS. Data about the prevalence

rate of MS and its components in Jiangxi Province are limited. Thus, our goals were to com-

pare the consistency rates and applicability of three criteria, i.e., those of the International

Diabetes Federation (IDF), the National Cholesterol Education Program Adult Treatment

PanelⅢ (ATPⅢ), and the Chinese Diabetes Society (CDS).

Methods

From September 2013 to March 2014, 5959 residents (age�18 years) from Jiangxi Prov-

ince were selected by multistage stratified cluster random sampling methods. The preva-

lence rate of MS and its components were calculated according to the IDF, ATPⅢ and CDS

criteria, and the protocols of the different criteria were measured in terms of consistency

with the kappa statistic and Youden’s index. Receiver operator characteristic (ROC) curve

analysis was used to explore the optimal cut-off points of body mass index (BMI) and waist

circumference (WC).

Results

The mean age of the participants was 50.52±13.92 years among the total of 5959 individuals

(2451 male and 3508 female). The standardized prevalence rate of MS was 19.85%, 24.77%

and 9.95% according to the IDF, ATPⅢ and CDS criteria, respectively. The order of the prev-

alence rates of the different components of MS according to the IDF or ATPⅢ criteria from

high to low were as follows: elevated blood pressure, central obesity, reduced high density

lipoprotein cholesterol (HDL-C), hyperglycemia, and hypertriglyceridemia. The most preva-

lent component of MS, according to the CDS criterion, was being overweight or obese, fol-

lowed by elevated blood pressure, dyslipidemia and hyperglycemia. The Youden’s index in
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IDF criterion was higher than which in CDS criterion (0.79 for IDF vs. 0.38 for CDS) referring

to the ATPⅢ criterion. The agreement between the IDF and ATPⅢ criteria was good (kappa

= 0.85), whereas the agreement of the CDS with the IDF and ATPⅢ criteria was moderate

(kappa = 0.46 and 0.46, respectively). The ability to predict MS risk factors clusters was supe-

rior when the BMI cut-off point was 24/24kg/m2 (male/female), and the WC cut-off point was

87/80cm (male/female). Among the 18~59 years old male group, BMI was superior to WC in

predicting clusters of risk factors for MS; while in the 60 years and above male group and all-

age female group, WC was superior to BMI.

Conclusion

Our results revealed that the prevalence rate of metabolic syndrome among adults was high

in Jiangxi Province. BMI and WC had different ability to predict clusters of risk factors for MS

in different age groups and gender. Among the three criteria for MS, there was bigger differ-

ence in applicability for the adults of Jiangxi Province. The choice of the appropriate criteria

should be based on the actual conditions of the site.

1 Introduction

MS is a clinical condition that includes multiple cardiovascular disease risk factors, such as

obesity, elevated blood pressure or hypertension, dyslipidemia, and abnormal glucose metabo-

lism, which directly increase the risk of coronary heart disease, atherosclerotic cardiovascular

disease and type 2 diabetes[1, 2].

However, thus far, the criteria for MS have not yet been fully accepted, but the International

Diabetes Federation (IDF)[3] and the National Cholesterol Education Program Adult Treat-

ment Panel Ⅲ (ATPⅢ)[4] criteria appear to be visible everywhere. Moreover, the Chinese Dia-

betes Society (CDS)[5]criteria are based on similar components, although they differ in some

specific elements and have been investigated by many researchers in China. The contents of

three criteria were different, resulting a different prevalence rate when using different criteria

in the same population.

Currently, the population is aging, and physical obesity and a lack of exercise are increasing,

and these factors have led to a high prevalence of MS worldwide. The prevalence rate of adult

MS was 28.9% (ATPⅢ) in Korea[6] from 2008 and 2013. The prevalence rates of MS were

24.3% (ATPⅢ) and 39% (IDF) in 10 European countries[7] and Saudi Arabia[8]. Similarly,

the situation in China is not optimistic. A national survey[9] reported that the prevalence

rate of MS among the Chinese adults was 18.2% (IDF), 21.3% (ATPⅢ) and 10.5% (CDS),

respectively.

In our research, the prevalence rate of MS and its components were analyzed, and the con-

sistency and applicability were compared between the three criteria (i.e., the IDF, ATPⅢ, and

CDS criteria) to provide a basis for interventions in Jiangxi Province.

2 Materials and methods

2.1 Study population

Jiangxi province is located in southeastern China and covers an area of 16.6 million square

kilometers, a total of 11 cities, and 100 counties. The population is 45,000,000[10]. From
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September 2013 to March 2014, 10 representative disease-monitoring points were identified

according to the regional distribution characteristics of Jiangxi Province, and 5959 residents

aged over 18 years old were selected by multistage stratified cluster random sampling methods

from 10 disease surveillance sites. First, we randomly selected four townships from each sur-

veillance district/county using the method of probability proportional to size. Second, three

villages or residential areas were then selected from each chosen township by using the same

method as in the previous stage. Subsequently, a residential group (at least 50 families) was

selected from each chosen village or residential area by simple random sampling. Finally, indi-

viduals of at least 18 years of age were selected from each family via a Kish grid. All individuals

from Hong Kong, Macao or Taiwan, deaf-mutes, and pregnant female were excluded. The

actual number of respondents was 5,959from among the 6,000 investigated people because the

effective response rate was 99.32%. After signing the informed consent form, all individuals

who met the survey criteria were included, and this study was authorized by the Jiangxi Prov-

ince Ethics Review Board.

2.2 Measures

The research consisted of three parts: questionnaires, physical examinations, and labora-

tory tests. The field staff who were responsible for the investigations were trained and

qualified. The standardized questionnaire survey included name, sex, age, health status,

and diagnoses and treatments for three diseases, including diabetes, hypertension and

dyslipidemia. The BMI was calculated as the weight (kg) divided by the square of the

height (m). The heights and weights were measured with the individuals wearing light

clothing and without shoes, hats and coats. The waists were measured by the same staff at

the level of the umbilical cord while the individuals were standing and responding nor-

mally. After 5 minutes of sitting, all of the individuals’ blood pressures were measured

three times with an electronic arm sphygmomanometer (HEM-7071, Omron Healthcare,

Inc., Kyoto, Japan) with a measurement interval of 1 minute. The average of the last two

measurements was used for the analyses. To measure the fasting plasma glucose and the

2-hour postprandial plasma glucose, venous blood samples were drawn from everyone,

and the fasted overnight plasma glucose was measured at the local monitoring site. The

samples were centrifuged at 3000 rpm for 5 to 10 minutes. To measure the blood lipids,

the sera were extracted within 2 hours of collection and transported on dry ice to the

national laboratory in Shanghai Ruijin Hospital. IDF, ATPⅢ and CDS criteria were

employed to estimate the prevalence of MS in Jiangxi province to compare them with

other populations. These three criteria are presented in Table 1.

2.3 Statistical analysis

The Statistical Product and Service Solutions version 21.0 statistical software was used for the

statistical analysis. The variables that followed the normal distribution and were continuous

are reported as the means ± the standard deviations (SDs) and were compared with Student’s t

tests. The categorical variables are reported as percentages and were compared with Pearson’s

chi-square tests. All p values presented are based on two-tailed tests, and p< 0.05 was consid-

ered statistically significant. The ROC curve according to the formula for the distance of the

ROC curve (

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ð1 � specificityÞ2 þ ð1 � sensitivityÞ2
q

)[11]. A cut-off point with the shortest

distance of the ROC curve was defined as the optimal cut-off point to diagnose MS. The official

2010 census data of China was used to calculate the age-standardized rates[12].
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3 Results

3.1 Characteristics of the research participants

Five thousand nine hundred fifty-nine individuals, including 2451 male and 3508 female were

sampled. The differences in age, WC, height, weight, SBP, DBP, TG, and HDL-C between the

male and female were statistically significant (P<0.05). The ages, heights, weights, WCs, SBPs,

DBPs and TGs of male were all higher than those of the female, whereas the HDL-Cs were

lower among the male. The differences in the BMIs, FPGs, 2hPPGs, LDL-C and CHOL were

not statistically significant (P>0.05) (Table 2).

3.2 Prevalence rate of MS and its components

The prevalence rate of MS and its components, based on the three different diagnostic criteria,

varied widely. The overall prevalence rate of MS was 22.27%, 28.02% and 11.71% according to

the IDF, ATPⅢ and CDS criteria, respectively, and after adjusting for age, the standardized

prevalence rate was 19.85%, 24.77% and 9.95%, respectively. The prevalence rate of MS was

higher in the female than in the male based on the IDF criterion (16.81% for male vs. 26.08%

for female) and the ATPⅢ criterion (24.24% for male vs. 30.67% for female) criteria, but this

sex difference was reversed when the CDS criterion was employed (13.06% for male vs. 10.78%

for female). Elevated blood pressure (41.67%) was the most common metabolic abnormality

among the components of MS followed by central obesity (37.74%), reduced HDL-C (34.75%),

hyperglycemia (32.19%), and hypertriglyceridemia (24.03%) according to the IDF criterion. The

components according to the ATPⅢ criterion also followed the same trend as the IDF criterion.

The prevalence rates of central obesity, reduced HDL-C, and MS in female were higher than those

in the male (P<0.05), whereas the prevalence rates of hypertriglyceridemia, elevated blood pres-

sure, and hyperglycemia in the male were higher than in the female (P<0.05) according to the

IDF and ATPⅢ criteria. Using the CDS criterion, the most prevalent component of MS was

overweight or obesity (28.28%), followed by elevated blood pressure (27.79%), dyslipidemia

Table 1. The three criteria for MS.

Components IDF (2005) ATPⅢ(2005) CDS (2004)

Obesity

(Chinese)

waist circumference (WC)�90cm (male) or

�80 cm (female)

1.waist circumference (WC)�90 cm (male)

or�80 cm (female)

1.BMI�25.0 kg/m2

Elevated blood

pressure

1.systolic blood pressure (SBP)�130 or

diastolic blood pressure (DBP)�85 mmHg

or treatment of previously diagnosed

hypertension

2.systolic blood pressure (SBP)�130 or

diastolic blood pressure (DBP)�85 mmHg or

on antihypertensive drug treatment in a

patient with a history of hypertension

2.systolic blood pressure (SBP)�

140ordiastolic blood pressure (DBP)�

90mmHg and (or) treatment of previously

diagnosed hypertension

Hyperglycemia 2.fasting plasma glucose (FPG)� 100 mg/

dL (5.6) mmol/L), or previously diagnosed

type 2 diabetes

3.fasting plasma glucose (FPG)�100 mg/dL

(5.6mmol/L) or on drug treatment for

elevated glucose

3.fasting plasma glucose (FPG)�110 mg/

dL (6.1 mmol/L) and (or) 2 hours

postprandial plasma glucose (2hPPG)�

140 mg/dL (7.8 mmol/L), and (or) on drug

treatment for diabetes

Dyslipidemia 3.triglyceride (TG)� 150 mg/dL (1.7 mmol/

L) orspecific treatment for this lipid

abnormality at high-density4.high density

lipoprotein cholesterol (HDL-C)< 40 mg/dL

(1.03 mmol/L) (male),<50 mg/dL (1.29

mmol/L)(female)or specific treatment for

this lipid abnormality

4.triglyceride (TG)� 150 mg/dL (1.7 mmol/L)

or on drug treatment for elevated

triglycerides 5.high density lipoprotein

cholesterol (HDL-C)< 40 mg/dL (1.03 mmol/

L) (male),<50 mg/dL (1.3 mmol/L) (female)or

on drug treatment for reduced HDL

4.triglyceride(TG)� 150 mg/dL (1.7 mmol/

L) and (or) high density lipoprotein

cholesterol (HDL-C)< 35 mg/dL (0.9 mmol/

L) (male)< 39 mg/dL (1.0 mmol/L) (female)

Note: MS was diagnosed as follows: the IDF criterion: a person with abdominal obesity (waist circumference�90 cm (male) or�80 cm (female), plus any

two risk factors labeled 1~4; the ATPⅢ criterion: a person with at least three of the factors labeled 1~5; and the CDS criterion: a person with at least three of

the factors labeled 1~4.

https://doi.org/10.1371/journal.pone.0189046.t001
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(25.57%), and hyperglycemia (22.59%). The prevalence rates of overweight or obesity, hyper-

triglyceridemia, elevated blood pressure, hyperglycemia and MS were higher in the male than

in the female (P<0.05; Table 3).

3.3 Comparison of authenticity and consistency among different criteria

There were 1720 cases was detected among 5959 individuals using the IDF, ATPⅢ and CDS crite-

ria. The overall prevalence rate of MS was 28.86%. The prevalence rate was 9.25%, 14.65%, 4.97%

separately when three kinds criteria, two kinds criteria and only one criterion were used at the

same time. This indicated there was a large difference among the application of these criteria.

Compare the authenticity of IDF and CDS criteria referring the ATPⅢ criterion (Table 4). The

results showed the IDF criterion sensitivity was 79.40% (male 69.36%, female 85.94%) and the

specificity was 99.98% (male 100%, female 99.96%) in the diagnosis of MS, and the CDS criterion

sensitivity was 38.86% (male 48.48%, female 33.55%), the specificity was 98.86% (male 98.28%,

female 99.30%) in the diagnosis of MS. The Youden’s index was higher in IDF criterion than in

CDS criterion (0.79 for IDF vs. 0.38 for CDS) which indicated it was more superior to distinguish

the true MS patients and non-patients by using IDF criterion than CDS criterion.

The highest consistency rate was between the IDF and ATPⅢ criteria (94.21%), followed by

the IDF and CDS criteria (84.51%) and the ATPⅢ and CDS criteria (82.04%), and the kappa

values was 0.85, 0.46 and 0.46, respectively. Overall, the kappa values indicated moderate or

high consistencies (Table 5).

3.4 The clusters of the MS risk factors prediction by applying WC and

BMI cut-off points

MS risk factors clusters which was conformed to at least three conditions of ATPⅢ criterion

was defined as State variables, and the BMI which indicated overweight or obesity in the CDS

Table 2. Characteristics of the participants.

Variables Total Male Female P

N 5959 2451 3508 —

Age (years) 50.52±13.92 51.23±14.47 50.03±13.50 0.01*

Height(cm) 157.42±8.12 163.44±6.82 153.22±6.04 <0.01*

Weight(kg) 57.95±10.48 62.56±10.89 54.74±8.86 <0.01*

WC (cm) 80.80±9.33 82.73±9.52 79.46±8.96 <0.01*

BMI (kg/m2) 23.31±3.32 23.34±3.33 23.28±3.31 0.48*

SBP (mmHg) 127.42±20.09 129.65±18.78 125.87±20.81 <0.01*

DBP (mmHg) 75.42±11.12 77.61±11.43 73.88±10.63 <0.01*

FPG (mmol/L) 5.52±1.33 5.56±1.32 5.49±1.34 0.05*

2hPPG (mmol/L) 6.22±2.35 6.18±2.53 6.25±2.22 0.32*

HDL-C (mmol/L) 1.37±0.38 1.33±0.40 1.40±0.36 <0.01*

LDL-C(mmol/L) 2.86±0.83 2.85±0.82 2.87±0.83 0.33*

CHOL(mmol/L) 4.66±0.93 4.65±0.92 4.67±0.94 0.42*

TG (mmol/L) 1.40±1.16 1.49±1.36 1.33±0.99 <0.01*

* Compared between male and female

The data are presented as the means ± the SDs.

WC, waist circumference; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; 2hPPG,

2-hour postprandial plasma glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; CHOL, cholesterol; TG,

triglycerides.

https://doi.org/10.1371/journal.pone.0189046.t002
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criterion and the WC which indicated central obesity in the IDF criterion was defined as Test

Variable. We predict the MS risk factors clusters situation by continuous variables BMI and

WC. The part of the analysis results at the Table 6 showed that it was more superior to predict

the MS risk factors clusters by using BMI�25kg/m2 indicator (sensitivity: 69.4%, specificity:

81.9%, distance of ROC: 0.36) in male than using WC�90cm indicator (sensitivity: 62.3%,

specificity: 90.8%, distance of ROC: 0.39). However, for female, it was superior by using

WC�80cm indicator (sensitivity: 80.9%, specificity: 72.5%, distance of ROC: 0.33) than using

BMI�25kg/m2 indicator (sensitivity: 52.3%, specificity: 84.4%, distance of ROC: 0.50). In fact,

considering Jiangxi province residents (male/female), the ability of predicting MS risk factors

clusters was superior when the cut-off point was 24/24kg/m2 using BMI indicator, otherwise

when the cut-off point was 87/80cm using WC indicator. This was difference from the cut-off

point (25 kg/m2) of BMI indicator in the CDS criterion and cut-off point (90/80 cm) of WC

indicator in the IDF/ ATPⅢ criteria.

All the individuals were divided by age and sex, and those who met at least three of the

ATPⅢ criterion were regarded as the clusters of risk factors for MS; The BMI (25 kg/m2) of

Table 4. Analysis on validity of different criteria for MS.

Test

criteria

Reference

criteria

Total Male Female

Sensitivity

(%)

Specificity

(%)

Youden’s

index

Sensitivity

(%)

Specificity

(%)

Youden’s

index

Sensitivity

(%)

Specificity

(%)

Youden’s

index

IDF ATPⅢ 79.40 99.98 0.79 69.36 100 0.69 85.94 99.96 0.86

CDS ATPⅢ 38.86 98.86 0.38 48.48 98.28 0.47 33.55 99.30 0.33

https://doi.org/10.1371/journal.pone.0189046.t004

Table 3. The prevalent rates of the components of MS by gender (according to the IDF, ATPⅢ, and CDS criteria).

Diagnostic criteria Total

(5959)

Male

(2451)

Female

(3508)

χ2 P

Prevalence Prevalence rate Prevalence Prevalence

rate

Prevalence Prevalence

rate

Overweight or obese CDS 1685 28.28% 747 30.48% 938 26.74% 9.89 <0.01*

Central obesity IDF/ ATPⅢ 2249 37.74% 609 24.85% 1640 46.75% 294.01 <0.01*

Hypertriglyceridemia IDF/ ATPⅢ 1432 24.03% 655 26.72% 777 22.15% 16.48 <0.01*

Reduced HDL-C IDF 2071 34.75% 618 25.21% 1453 41.42% 167.62 <0.01*

ATPⅢ 2117 35.53% 618 25.21% 1499 42.73% 193.88 <0.01*

Elevated blood pressure IDF/ ATPⅢ 2483 41.67% 1154 47.08% 1329 37.88% 51.26 <0.01*

CDS 1656 27.79% 744 30.35% 912 26.00% 14.01 <0.01*

Hyperglycemia IDF 1918 32.19% 834 34.03% 1084 30.90% 6.31 0.01*

ATPⅢ 1912 32.09% 833 33.99% 1079 30.76% 6.74 0.01*

CDS 1346 22.59% 591 24.11% 755 21.52% 5.73 0.02*

Dyslipidemia CDS 1524 25.57% 670 27.34% 854 24.34% 6.74 0.01*

MS IDF 1327 22.27% 412 16.81% 915 26.08% 71.69 <0.01*

ATPⅢ 1670 28.02% 594 24.24% 1076 30.67% 29.65 <0.01*

CDS 698 11.71% 320 13.06% 378 10.78% 7.26 0.01*

MS** IDF — 19.85% — 16.98% — 22.11% — —

ATPⅢ — 24.77% — 23.86% — 25.76% — —

CDS — 9.95% — 12.31% — 8.50% — —

* Compared between the male and female.

** Standardized prevalence rate of MS.

https://doi.org/10.1371/journal.pone.0189046.t003
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the CDS criterion for determining overweight or obesity were selected, and those of the IDF

criteria for central obesity in male/ female WC (90 / 80cm) were adopted, and prediction abil-

ity of MS risk factors clusters between them were compared. The results showed that BMI and

WC had different ability to predict clusters of risk factors for MS in different age groups.

Among the 18~59 years old male group, BMI was superior to WC in predicting clusters of risk

factors for MS; while in the 60 years and above male group and all-age female group, WC was

superior to BMI. (Table 7)

4 Discussion

The prevalence rate of MS standardized using the IDF, ATPⅢ and CDS criteria for the diagno-

ses of the adult population was 19.85%, 24.77% and 9.95%, respectively, in Jiangxi Province,

and these values were close to the reported prevalence rates of MS in Guangdong Province[13]

(20.3%, 24.3%, and 11.4%, respectively), lower than those in the Jiangsu Province[14] (24.6%,

31.0%, and 15.1%, respectively) and higher than those in the 6 counties of Yunnan province

[15](13.1%, 16.6% and 10.0%, respectively) with the exception of the CDS criterion. Compared

to research results from abroad, the rates were lower than those of Turkish [16] (44.0% and

36.6% according to the IDF and ATPⅢ criteria, respectively), Australian[17], Malaysian[18]

and Jordanian adults[19] (30.7%, 37.4%, and 51%, respectively, according to the IDF crite-

rion), and higher than those of the urban adult population of Brazil[20] (22.7% according to

the ATPⅢ criterion). The prevalence rates of MS among female were higher than that of male

according to both the IDF and ATPⅢ criteria, which contrasted with the result based on the

CDS criterion, which was consistent with Li’s [21] research. The most prevalent component of

MS was elevated blood pressure according to the IDF and ATPⅢ criteria, while the prevalent

of overweight or obesity was the most prevalent component according to the CDS criterion.

Other research conducted in Guangdong and Jiangsu[22] has come to the same conclusions.

We believe that the large number of high-risk patients with hypertension should prompt the

focus of more attention to the prevention and control of blood pressure. Anecdotal evidence

[23]indicates that increased sodium intake is a risk factor for hypertension. With rapid eco-

nomic development, the accelerating pace of life, irregular diets and a sedentary lifestyle, a

Table 5. Consistencies in the diagnoses of MS according to the three criteria.

Indexes Total Male Female

N Consistency rate (%) N Consistency rate (%) N Consistency rate (%)

IDF(+)ATPⅢ (+) / IDF(-)ATPⅢ (-) 5614 94.21 2269 92.57 3345 95.35

IDF(+)ATPⅢ (-) 1 0 1

IDF(-)ATPⅢ(+) 344 182 162

Kappa value 0.85* 0.77* 0.89*

IDF(+) CDS(+) / IDF(-) CDS(-) 5036 84.51 2169 88.49 2867 81.73

IDF(+) CDS(-) 776 187 589

IDF(-) CDS(+) 147 95 52

Kappa value 0.46* 0.55* 0.42*

ATPⅢ (+)CDS(+) / ATPⅢ (-) CDS(-) 4889 82.04 2113 86.21 2776 79.13

ATPⅢ (+) CDS(-) 1021 306 715

ATPⅢ (-) CDS(+) 49 32 17

Kappa value 0.46* 0.56* 0.40*

*P<0.05

https://doi.org/10.1371/journal.pone.0189046.t005
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large number of the overweight or obese population has health problems that cannot be

ignored as detected by the CDS criterion.

Table 6. Clustering of risk factors for MS predicted by cut-off point of WC and BMI.

Cut-off point Male Female

Sensitivity (%) Specificity (%) Distance of ROC Sensitivity (%) Specificity (%) Distance of ROC

BMI 20kg/m2 99.0 21.3 0.79 97.1 20.2 0.80

21kg/m2 96.8 33.8 0.66 94.5 33.4 0.67

22kg/m2 93.3 48.3 0.52 88.5 48.6 0.53

23kg/m2 88.6 61.2 0.40 78.6 62.7 0.43
#24kg/m2 81.8 72.7 0.33 66.1 74.9 0.42

25kg/m2 69.4 81.9 0.36 52.3 84.4 0.50

26kg/m2 55.2 89.1 0.46 38.5 89.6 0.62

27kg/m2 39.7 93.1 0.61 25.7 93.2 0.75

28kg/m2 24.4 96.8 0.76 17.5 95.6 0.83

WC 77cm 96.3 38.1 0.62 90.9 56.0 0.45

78cm 95.1 43.2 0.57 88.4 61.6 0.40

79cm 93.9 48.5 0.52 86.5 67.4 0.35

**80cm 92.8 53.7 0.47 80.9 72.5 0.33

81cm 90.7 58.0 0.43 75.1 76.1 0.34

82cm 88.9 62.7 0.39 69.7 79.3 0.37

83cm 87.2 67.3 0.35 63.5 82.5 0.40

84cm 85.0 71.4 0.32 58.4 84.8 0.44

85cm 82.5 75.3 0.30 51.7 87.2 0.50

86cm 80.0 79.5 0.29 45.7 89.2 0.55

*87cm 77.4 82.7 0.28 41.3 91.2 0.59

88cm 74.4 85.7 0.29 36.6 92.5 0.64

89cm 70.9 88.3 0.31 31.4 93.7 0.69

90cm 62.3 90.8 0.39 27.2 94.8 0.73

91cm 55.4 92.4 0.45 24.3 95.7 0.76

92cm 48.1 94.0 0.52 20.5 96.8 0.80

At least three of the risk factors aggregation refer to ATPⅢ(2005) criterion.
# The optimal cut-off point of BMI for male and female.

* The optimal cut-off point of WC for male.

** The optimal cut-off point of WC for female.

https://doi.org/10.1371/journal.pone.0189046.t006

Table 7. The clusters of risk factors for MS predicted by cut-off point of WC and BMI in different age groups.

Age group Male Female

Sensitivity (%) Specificity (%) Distance of ROC Sensitivity (%) Specificity (%) Distance of ROC

BMI�25kg/m2 18~44 78.8 78.5 0.30 65.0 85.7 0.38

45~59 66.4 79.4 0.39 54.7 81.9 0.49

60~ 61.8 88.9 0.40 40.8 87.1 0.61

WC�90/80cm 18~44 68.5 89.3 0.33 86.5 76.5 0.27

45~59 58.1 89.6 0.43 79.9 69.3 0.37

60~ 61.8 94.0 0.39 79.2 70.6 0.36

At least three of the risk factors clusters refer to ATPⅢ(2005) criterion.

https://doi.org/10.1371/journal.pone.0189046.t007
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At present, the war regarding the distinct criteria for the diagnosis of MS continues. How-

ever, all of this war is based on the cut-off points and focuses. Central obesity is a prerequisite

for the diagnosis according to the IDF criterion, whereas WC is used as a measure of adiposity.

The ATPⅢ criterion include the same cut-off points for WC as the IDF criterion, but central

obesity is eliminated as a prerequisite. MS pathogenesis according to the ATPⅢ criterion

extends to more cardiovascular risk factors than central obesity alone[24]. Additionally, the

ATPⅢ criterion include people who have received treatment for hyperglycemia. The other

component cut-off points are consistent between the ATPⅢ and IDF criteria. BMI is used to

diagnose overweight or obesity in the CDS criteria. The blood pressure and blood glucose cut-

off points in the CDS criteria are both higher than those of the other two criteria, while the

HDL-C cut-off points for male and female are lower in the CDS criterion than the other two

criteria. In addition, the content of the CDS criterion added the cut-off point of 2-hour post-

prandial plasma glucose. The prevalence rate of MS and its components were different accord-

ing to the three criteria. The highest prevalence rate of MS was found using the ATPⅢ
criterion followed by the IDF criterion and the CDS criterion. These results are similar to

those of other studies[25,26] that used the same criteria. Additionally, The results indicated the

IDF criteria was more superior to distinguish the true MS patients and non-patients than CDS

criterion when referring the ATPⅢ criterion, and the consistency rate between IDF and

ATPⅢ criteria was the highest. It may be related to the fact that the IDF and ATPⅢ criteria for

most components were the same. The kappa values also exhibited moderate and even high

consistencies among the three sets of criteria.

One of the greatest controversy among these three criteria was whether the WC or BMI

should be used as the measurement of obesity. The WC is one of the simplest indicators and

reflects visceral abdominal fat accumulation. However, the WC index does not include a mea-

surement of height and thus may have limitations in predicting cardiovascular risk factors for

the tall and short populations[27]. BMI has been used as an indicator in chronic disease sur-

veillance and nutrition surveys in China[28] and has its own distinct advantages, such as its

measurement is easy to master, and it is more suitable for use in primary medical institutions.

But the BMI was unable to differentiate between lean mass and fat mass[29].

The results of this study showed that BMI and WC predict the clusters of risk factors for

MS in different gender. The best cut points are 24/24 kg / m2(male / female) and 87 / 80cm

(male / female), respectively. The ROC curve distance (0.28 / 0.33) for WC was shorter than

the ROC curve distance for BMI (0.33 / 0.42). Our study showed that WC is superior to BMI

in the identification of MS. The same results were also shown in some cross-sectional surveys

[30, 31]. However, if the CDS criterion in BMI (more than 25kg/m2) and IDF in male / female

WC (more than 90/80cm) were compared, the ROC curve of the distance suggested that male

who using BMI (more than 25 kg/m2) were superior to WC (more than 90cm), while the

female who using WC (more than 90cm) were better than BMI (25 = kg/m2). The results of

this study showed that using IDF and CDS criteria to determine the obesity (take ATPⅢ crite-

rion as a reference), the male population who using the CDS criterion is more conducive to

identify MS patients, while IDF criterion is more suitable for identify MS in female.

This study also found that BMI and WC had different ability to predict clusters of risk factors

for MS in different age groups. In the 18~59 years old male group, BMI was superior to WC in

predicting MS risk factors clusters; while in the 60 years and above male group and all-age female

group, WC was superior to BMI. The reason may be: male who aged 18~59 years old was the

main labor crowd, with more individual labor volume or physical exercise, thus, they remained

relatively lower fat content than other groups. The predictive power of BMI for obesity was supe-

rior than that of WC. When the male arrived at 60~ years old, the lifestyle changed, the amount of

labor decreased, the individual entered the aging stage, with subcutaneous fat decreased, visceral
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abdominal fat ratio increased, and the WC prediction ability of MS was superior than that of

BMI. On the one hand, the body fat percent in female population was higher than that in adult

male [32]. On the other hand, with the increasing of age, especially those female who experienced

menopause period, the distribution of fat changes, and more abdominal fat were aggregated [33].

Therefore, the ability of WC index to predict clusters of risk factors for MS among all female age

groups was superior than that of BMI. However, in the diagnosis of MS, whether different indica-

tors and cut-off point should be used for different age and gender groups separately to diagnose

obesity still needs to be further studied.

Among the three criteria for MS, there was bigger difference in applicability for the adults

of Jiangxi Province. However, the IDF criterion may focus more on clinical practice, the

ATPⅢ criterion focuses on prevention in the population, and the CDS criterion emphasizes

the characteristics of the Chinese people[24]. The choice of the appropriate criteria should be

based on the actual conditions of the site. The practical values of the three criteria should be

evaluated by many prospective and follow-up studies to further confirm this notion. Addition-

ally, our results revealed the high prevalence rate of metabolic syndrome among adults in

Jiangxi Province, which emphasizes the great importance of prevention and control. Especially

for the high-risk groups with high blood pressure and obesity, it is necessary to strengthen

health education, advocate balanced diets, decrease salt intake, and encourage people to

actively participate in nationwide fitness campaigns with the goal of losing weight.

An important limitation of the present study is the cross-sectional design. This fact limited

our ability to draw any causal conclusions. Moreover, this study did not adopt new criteria

such as JCDCG [34] and JIS [35], which may lead to the underestimation of the prevalence of

MS among adult inhabitants in Jiangxi province. But ourr study individuals were selected

based on the geographic, disease distribution, and demographic characteristics, which guaran-

teed the sample representative to some extent. The sample size is also large. At the same time,

the investigators received unified training, the investigation process was strictly controlled by

quality, and the data results were authentic and reliable.

Supporting information

S1 Table. The three criteria for MS.

(DOCX)

S2 Table. Characteristics of the participants.

(DOCX)

S3 Table. The prevalent rates of the components of MS by gender (according to the IDF,

ATⅢ, and CDS criteria).

(DOCX)

S4 Table. Analysis on validity of different criteria for MS.

(DOCX)

S5 Table. Consistencies in the diagnoses of MS according to the three criteria.

(DOCX)

S6 Table. Clustering of risk factors for MS predicted by cut-off point of WC and BMI.

(DOCX)

S7 Table. The clusters of risk factors for MS predicted by cut-off point of WC and BMI in

different age groups.

(DOCX)

Diagnosis of metabolic syndrome and adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0189046 December 7, 2017 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s007
https://doi.org/10.1371/journal.pone.0189046


S8 Table. Questionnaire1 (original language).

(PDF)

S9 Table. Questionnaire 2 (English).

(DOCX)

Acknowledgments

We are grateful to the residents who participated in the research, to the Centers for Disease

Control and Prevention of the 10 disease surveillance points and to all field investigators for

their support and hard work during the research. This study was funded by the Programs of

Transfer Payment from the Central Government of China (2013).

Author Contributions

Data curation: Lengmei Cheng.

Formal analysis: Lengmei Cheng.

Investigation: Lengmei Cheng, Wei Yan, Yiying Chen, Jie Liu, Yan Xu, Lu Ji, Junrong He.

Methodology: Lengmei Cheng.

Writing – original draft: Lengmei Cheng.

Writing – review & editing: Liping Zhu.

References
1. Falkner B, Cossrow N. Prevalence of metabolic syndrome and obesity-associated hypertension in the

racial ethnic minorities of the United States. Curr Hypertens Rep. 2014; 16(7): 449. https://doi.org/10.

1007/s11906-014-0449-5 PMID: 24819559

2. Suyilaqimuge SU X. Research progress of metabolic syndrome. China Modern Medicine. 2016: 23

(30):13–16.

3. Alberti KG, Zimmet P, Shaw J, IDF Epidemiology Task Force Consensus Group: The metabolic syn-

drome—a new worldwide definition. Lancet2005, 366:1059–1062. https://doi.org/10.1016/S0140-6736

(05)67402-8 PMID: 16182882

4. Grundy SM, Cleeman JI, Daniels SR, American Heart Association, National Heart, Lung, et al. Diagno-

sis and management of the metabolic syndrome: an American Heart Association/ NationalHeart,Lung,

and Blood Institute Scientific Statement. Circulation2005; 112:2735–2752. https://doi.org/10.1161/

CIRCULATIONAHA.105.169404 PMID: 16157765

5. Metabolic syndrome study cooperation group of Chinese diabetes society. Suggestions about meta-

bolic syndrome of Chinese diabetes society. Chin J Diab2004; 12:156–161.

6. Tran BT, Jeong BY, Oh JK. The prevalence trend of metabolic syndrome and its components and risk

factors in Korean adults: results from the Korean National Health and Nutrition Examination Survey

2008–2013. BMC Public Health. 2017; 17:71. https://doi.org/10.1186/s12889-016-3936-6 PMID:

28086850

7. Scuteri A, Laurent S, Cucca F, Cockcroft J, Cunha PG, Manas LR, et al. Metabolic syndromeacross

Europe: different clusters of risk factors. Eur J Prev Cardiol.2015; 22:486–91. https://doi.org/10.1177/

2047487314525529 PMID: 24647805

8. Al-Daghri NM, Khan N, Alkharfy KM, Al-Attas OS, Alokail MS, Alfawaz HA, et al. Selected dietary nutri-

ents and the prevalence of metabolic syndrome in adult males and females in Saudi Arabia: a pilot

study. Nutrients. 2013, 5, 4587–4604. https://doi.org/10.3390/nu5114587 PMID: 24284611

9. Xi B, He D, Hu YH, Zhou DH. Prevalence of metabolic syndrome and its influencing factors among the

Chinese adults: The China Health and Nutrition Survey in 2009. Prev Med. 2013, 57(6): 867–871.

https://doi.org/10.1016/j.ypmed.2013.09.023 PMID: 24103567

10. Brief introduction of the Jiangxi province. Available online:http://www.jiangxi.gov.cn/lsq/jxgk/201507/

t20150701_1174695.html((accessed on 7 April 2017).

Diagnosis of metabolic syndrome and adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0189046 December 7, 2017 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0189046.s009
https://doi.org/10.1007/s11906-014-0449-5
https://doi.org/10.1007/s11906-014-0449-5
http://www.ncbi.nlm.nih.gov/pubmed/24819559
https://doi.org/10.1016/S0140-6736(05)67402-8
https://doi.org/10.1016/S0140-6736(05)67402-8
http://www.ncbi.nlm.nih.gov/pubmed/16182882
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
http://www.ncbi.nlm.nih.gov/pubmed/16157765
https://doi.org/10.1186/s12889-016-3936-6
http://www.ncbi.nlm.nih.gov/pubmed/28086850
https://doi.org/10.1177/2047487314525529
https://doi.org/10.1177/2047487314525529
http://www.ncbi.nlm.nih.gov/pubmed/24647805
https://doi.org/10.3390/nu5114587
http://www.ncbi.nlm.nih.gov/pubmed/24284611
https://doi.org/10.1016/j.ypmed.2013.09.023
http://www.ncbi.nlm.nih.gov/pubmed/24103567
http://www.jiangxi.gov.cn/lsq/jxgk/201507/t20150701_1174695.html
http://www.jiangxi.gov.cn/lsq/jxgk/201507/t20150701_1174695.html
https://doi.org/10.1371/journal.pone.0189046


11. Guo H, Liu J, Zhang J, Ma R,Ding Y,Zhang M, et al. The Prevalence of MetabolicSyndrome Using

Three Different Diagnostic Criteriaamong Low Earning Nomadic Kazakhs in the Far Northwest of

China: New Cut-Off Points of Waist Circumference to Diagnose MetS and Its Implications. PLoS

ONE,2016, 11(2):e0148976. https://doi.org/10.1371/journal.pone.0148976 PMID: 26901035

12. Population census office under the State Council, department of population and employment statistics

national bureau of statistics. Tabulayion on the 2010 population census of the people’s republic of

China. Beijing: China statistics press,2012.

13. Li JB, Gu P, Zhang JX, Zhang X, Chen CX, Wang BW, et al. Comparison of three criteria for metabolic

syndrome applied to Guangdong population. Chinese Journal of Health Education. 2008, 24(2):113–

116. https://doi.org/10.16168/j.cnki.issn

14. Tao R, Wu M, Qin Y, Su J, Zhang HQ, Lv SR, et al. Epidemiological characteristics of metabolic syn-

drome and comparison between its different diagnostic criteria in adults of Jiangsu province.Journal of

Jilin University (Medicine Edition).2015, 41(1):181–189. https://doi.org/10.13481/j.1671-587x.

20150136

15. Hong RD, Xiao YZ, Xu W, Yang YF, Shi QP, Yang YJ, et al. Differences of four diagnostic criteria for the

prevalence of metabolic syndrome in inhabitants of six counties in Yunnan Province. South China J

Prev Med. 2012, 38(5):11–15.

16. Gundogan K, Bayram F, Gedik V, Kaya A, Karaman A, Demir O, et al. Metabolic syndrome prevalence

according to ATP III and IDF criteria and related factors in Turkish adults. Arch Med Sci 2013, 9, 2:

243–253. https://doi.org/10.5114/aoms.2013.34560 PMID: 23671434

17. Cameron AJ, Magliano DJ, Zimmet PZ, Welborn T, Shaw JE. The metabolic syndrome in Australia:

prevalence using four definitions. Diabetes Research and Clinical Practice 77 (2007) 471–478. https://

doi.org/10.1016/j.diabres.2007.02.002 PMID: 17350710

18. Ramli AS, Daher AM, Nor-Ashikin MNK, Mat-Nasir N, Ng KK, Miskan M, et al. JIS Definition identified

more Malaysian adults with metabolic syndrome compared to the NCEP-ATP III and IDF criteria. Bio

Med Research International. 2013, 10.doi.org/10.1155/2013/760963

19. Obeidat AA, Ahmad MN, Haddad FH, Azzeh FS. Alarming high prevalence of metabolic syndrome

among Jordanian adults. Pak J Med Sci 2015; 31(6):1377–1382. http://dx.doi.org/10.12669/pjms.316.

7714 PMID: 26870100

20. Moreira GC, Cipullo JP, Ciorlia LAS, Cesarino CB,Vilela-Martin JF. Prevalence of metabolic syndrome:

association with risk factors and cardiovascular complications in an urban population. Plos One.2014, 9

(9): 1–10. https://doi.org/10.1371/journal.pone.0105056 PMID: 25180496

21. LiY Li SH, Gao M Zang BF, Ma MY Yang HT, et al. Comparison of applicability of metabolic syndrome

by three different criterion among community residents of Harbin. Chin J Dis Control Prev.2012, 16

(5):392–395.

22. Li J, Shi YM, Yan JH, Xu W, Weng JP. The prevalence and risk factors of metabolic syndrome among

adult residents in Guangdong and Jiangsu provinces in China. Chin J Inter Med. 2013, 52(8):659–663.

23. Yu P, Zhu PL, Huang F, Lin F, Chen FL. The relationship between salt intake and blood pressure in

coast areas of Fujian province. Chin J Hypertens. 2015, 23(1):57–61. https://doi.org/10.16439/j.cnki.

1673-7245.2015.01.013

24. Ruan Y, Li R, Yang QD, Li YY, Shi L. Comparison of different diagnostic criteria of metabolic syndrome

in Shanghai adults aged 35–74 years.J Environ Occup Med. 2012, 29(4):217–221.

25. Wang HL, Han YB, Huo ZP, Kan ZY, Han XQ. Comparisons of metabolic syndrome prevalence under

three diagnostic criteria in university staff. Chin J Sch Health. 2011, 32(3):338–342.

26. Jiang S, Du GL, YLDOS A, Zhang L, Yan LJ, Xie ZJ, et al. Epidemiological investigation and compari-

son of three different metabolic syndrome diagnostic criteria on Xingjiang Han population aged 30 to 80.

Chin J Arterioscler. 2012, 20(2):181–184.

27. Han YB. Cardiovascular disease risk assessment with waist-to-height ratio and body mass index. Chin

J Public Health.2015, 31(10):1342–1346. https://doi.org/10.11847/zgggws2015-31-10-30

28. Fei YF, Wang C, Liu GJ,Gao Y, Chen T, Tian HM, et al. Comparision of different diagnostic criteria for

metabolic syndrome in Sichuan population. J Sichuan Univ (Med Sci Edi). 2012, 43(4):547–552.

29. Lam BCC, Koh GCH, Chen Y, Wong MTK, Fallows SJ. Comparison of Body Mass Index (BMI), Body

Adiposity Index (BAI), Waist Circumference(WC), Waist-To-Hip Ratio (WHR) and WaistTo-Height

Ratio (WHtR) as Predictors of Cardiovascular Disease Risk Factors in an Adult Population in Singa-

pore. PLoS ONE 10(4):e0122985. https://doi.org/10.1371/journal.pone.0122985 PMID: 25880905

30. Bener A, Yousafzai MT, Darwish S, Al-Hamaq AOAA, Nasralla EA, Abdul-Ghani M. Obesity index that

better predict Metabolic Syndrome: body mass index, waist circumference, waist hip ratio, or waist

height ratio. Journal of Obesity.2013; 269038. doi: 10.1155/2013/269038. PMID: 24000310

Diagnosis of metabolic syndrome and adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0189046 December 7, 2017 12 / 13

https://doi.org/10.1371/journal.pone.0148976
http://www.ncbi.nlm.nih.gov/pubmed/26901035
https://doi.org/10.16168/j.cnki.issn
https://doi.org/10.13481/j.1671-587x.20150136
https://doi.org/10.13481/j.1671-587x.20150136
https://doi.org/10.5114/aoms.2013.34560
http://www.ncbi.nlm.nih.gov/pubmed/23671434
https://doi.org/10.1016/j.diabres.2007.02.002
https://doi.org/10.1016/j.diabres.2007.02.002
http://www.ncbi.nlm.nih.gov/pubmed/17350710
https://doi.org/10.12669/pjms.316.7714
https://doi.org/10.12669/pjms.316.7714
http://www.ncbi.nlm.nih.gov/pubmed/26870100
https://doi.org/10.1371/journal.pone.0105056
http://www.ncbi.nlm.nih.gov/pubmed/25180496
https://doi.org/10.16439/j.cnki.1673-7245.2015.01.013
https://doi.org/10.16439/j.cnki.1673-7245.2015.01.013
https://doi.org/10.11847/zgggws2015-31-10-30
https://doi.org/10.1371/journal.pone.0122985
http://www.ncbi.nlm.nih.gov/pubmed/25880905
https://doi.org/10.1155/2013/269038
http://www.ncbi.nlm.nih.gov/pubmed/24000310
https://doi.org/10.1371/journal.pone.0189046


31. Gharipour M, Sarrafzadegan N, Sadeghi M, Andalib E., Talaie M, Shafie D, et al. Predictors of Metabolic

Syndrome in the Iranian Population: Waist Circumference, Body Mass Index, or Waist to Hip Ratio?

Cholesterol. 2013; 2013:198384. doi: 10.1155/2013/198384. PMID: 23634297

32. Liu Y, Liu YH, Wang XD. Trend of adult body fat content and distribution with age. Chinese Journal of

Gerontology, 2013, 33(22):5713–5715. doi: 10.3969/j.issn.1005-9202. 2013. 22. 107

33. Chen R, Lin SQ, Lin X, Chen Y, Yang QH, Zhou Y, et al. Effect of age on body composition in healthy

Beijing women, Chin J Obstet Gynecol, 2008, 43(1):36–40.

34. Joint committee for developing Chinese guidelines on prevention and treatment of dyslipidemia in

adults. Guidelines on Prevention and Treatment of Dyslipidemia for Chinese Adults. Chin J Car-

diol.2007; 35(5):390–419.

35. Alberti K.G.M.M., Robert H, Eckel, Scott M, Grundy, Paul Z, et al. Harmonizing the metabolic syndrome:

a joint interim statement of the international diabetes federation task force on epidemiology and preven-

tion; National Heart, Lung, and Blood Institute; American Heart Association; World Heart Federation;

International Atherosclerosis Society; and International Association for the Study of Obesity. Circula-

tion. 2009; 120:1640–1645. https://doi.org/10.1161/CIRCULATIONAHA.109.192644 PMID: 19805654

Diagnosis of metabolic syndrome and adults

PLOS ONE | https://doi.org/10.1371/journal.pone.0189046 December 7, 2017 13 / 13

https://doi.org/10.1155/2013/198384
http://www.ncbi.nlm.nih.gov/pubmed/23634297
https://doi.org/10.3969/j.issn.1005-9202
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
http://www.ncbi.nlm.nih.gov/pubmed/19805654
https://doi.org/10.1371/journal.pone.0189046

