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Strengths and limitations of this study

 ► The present study provides updated estimates of 
the prevalence of metabolic syndrome and its com-
ponents among adults in China using international 
criteria, as well as ethnic- specific criteria.

 ► The utility and applicability of three criteria for de-
tection of metabolic syndrome were tested and 
compared.

 ► A suitable criterion for early detection of metabolic 
syndrome in Chinese populations was identified.

 ► Health- check data from a large cohort of relatively 
young Chinese adults were extracted to describe the 
components of metabolic syndrome.

 ► We sampled one medical centre, from one province 
in China at a specific time period, the generalisability 
beyond this study population requires further study.

AbStrACt
Objectives In this study, we aimed to estimate the 
prevalence of metabolic syndrome (MetS) among Chinese 
adults, describe the disease components and compare 
utility of the existing international criteria and Chinese 
diagnostic criteria.
Design, setting and participants A retrospective 
database analysis was conducted for one hospital in 
Zhejiang province, China. We analysed data (collected in 
2017) from a total of 64 902 participants (37 500 males 
and 27 402 females), aged between 18 and 97 years, and 
who met the eligibility criteria.
Main outcome measures We employed three criteria for 
MetS proposed by the International Diabetes Federation 
(IDF) in 2005, the 2009 Joint Scientific Statement 
(harmonising criteria) and the China Diabetes Society 
(CDS) in 2013 to detect prevalence of MetS. Specifically, 
we analysed waist circumference, blood pressure, fasting 
plasma glucose, plasma triglycerides and plasma high- 
density lipoprotein cholesterol.
results We found an estimated age- adjusted MetS 
prevalence of 20.4% using IDF 2005, 30.0% based on 
harmonising criteria 2009 and 16.3% under the CDS 2013. 
This prevalence was higher in males, older adults and 
increased body mass index. Analysis of agreements among 
the criteria were 87.2% (IDF and CDS), 87.1% (IDF and 
harmonising criteria) and 81.6% (CDS and harmonising 
criteria), while their kappa coefficients were 0.641, 0.708 
and 0.572 for IDF versus CDS, IDF versus harmonising 
criteria and CDS versus harmonising criteria, respectively. 
The most prevalent MetS component was abdominal 
obesity (50.1%), followed by dyslipidaemia (49.5%) and 
hypertension (46.8%) using harmonising criteria.
Conclusion These findings revealed moderate agreement 
among the three criteria with utility in Chinese clinical 
settings. The harmonising criteria 2009 performed better 
in early identification of MetS in the Chinese population.

IntrODuCtIOn
Metabolic syndrome (MetS) is a multi-
component risk factor for cardiovas-
cular diseases (CVD) and type 2 diabetes 
mellitus (T2DM).1 2 Although its pathogen-
esis is unclear, MetS reflects a clustering 
of cardiometabolic risk factors related to 
abdominal obesity and insulin resistance. 

The Global Burden of Disease, Injuries and 
Risk Factors Study (GBD 2016) reported 
that metabolic risks are the leading causes 
of GBD since 1990, contributing to deaths 
and disabilities.3 MetS prevalence and its 
disease- related burden remain high across 
the world.4 5 Furthermore, MetS increases 
the risk of all- cause and CVD mortality, and 
further impacts sleep disorders as well as inci-
dent stroke.2 6–10 Studies have also reported 
an association between MetS and certain 
types of cancers.11 12 Accurate identification 
of MetS across populations provides a foun-
dation for effective prevention and manage-
ment of CVD, obesity, hypertension, T2DM 
and cancers.

MetS detection varies depending on the 
criteria used, different definitions, as well as 
population composition, including age, sex, 
ethnicity, nationalities and regions.2 In the 
past decades, a number of diagnostic criteria 
for MetS have been released. Among Chinese 
populations, the criteria by International 
Diabetes Federation (IDF 2005) found a 
pooled MetS prevalence of 24.5% (19.25% in 
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males, 27.0% in females) in mainland China,13 although 
an increase from 13.7% (2000–2001) to 21.3% (2009) was 
reported in other national surveys based on the criteria of 
the National Cholesterol Education Program (2001).14 15 
More efforts are required in order to generate a consensus 
on common criteria for MetS and enhance clinical prac-
tice.1 In fact, the Joint Scientific Statement presented a 
new harmonising definition in 2009.1 Using this criteria, 
the estimated prevalence of MetS among US adults 
was 34.2%, indicating that more than a third of all US 
adults found with MetS by 2012.5 However, the evidence 
on using harmonising criteria 2009 for prevalence esti-
mates is limited in Chinese populations. In 2013, the 
Chinese Diabetes Society (CDS) released a MetS criteria 
for Chinese population. It is hypothesised that harmon-
ising criteria 2009 and CDS criteria for MetS are likely to 
produce different prevalence estimates in Chinese popu-
lations than those based on previous criteria. Despite a 
wealth of studies of prevalence of MetS in the past decade, 
large cohort studies in Chinese adults are limited and no 
comparisons of criteria documents were found among 
IDF 2005, harmonising criteria 2009 and CDS 2013.

Different MetS criteria agree on the essential compo-
nents but vary in cut- off values with regard to certain 
components, and there is little evidence to point out 
that one is more superior to others. Abdominal obesity 
represents the most prevalent component among MetS 
risk factors as it precedes the others.16 17 Measurement of 
abdominal obesity is by waist circumference (WC), which 
represents an essential component of the MetS criteria 
although it varies across all criteria. The threshold for 
WC (≥90 cm for males and ≥85 cm for females) in CDS 
2013 is different from any other MetS criteria.18 Since 
WC contributing to MetS remains unsettled, CDS 2013 
with modifications of WC and other indexes tends to 
be more suitable for Chinese population,19 but this has 
not been adequately explored. This, therefore, necessi-
tates updating of such evidence using Chinese diagnostic 
criteria and comparisons with other international criteria 
to generate a better understanding of prevalence and risk 
factors of MetS in Chinese populations.

Thus, the main aim of this study was to estimate the prev-
alence and characteristics of MetS based on population- 
based health administrative data using two commonly 
used international criteria and Chinese- specific diag-
nostic criteria; and to evaluate the utility of these criteria 
for identification of MetS in Chinese populations.

MethODS
Study design and population
A secondary analysis was conducted to estimate the 
prevalence of MetS based on health data obtained from 
the Healthcare Information and Management Systems 
Society database of a medical centre accredited by the 
Joint Commission International in Zhejiang province. 
These data were sourced from permanent residents living 
and working in Zhejiang, and were collected between 

January 2017 and December 2017. Demographic charac-
teristics were collected by trained nurses, while informa-
tion on medical history information and laboratory test 
results were obtained by certified physicians and chemists 
using standard protocols and techniques.

Sample screening and assessment of potential MetS risk 
was based on the following variables: WC, fasting plasma 
glucose (FPG), blood pressure (BP), plasma triglycerides 
(TG), plasma high- density lipoprotein cholesterol (HDL- 
C), as well as histories of hypertension, T2DM, and hyper-
lipidaemia. Participants who were taking hypolipidaemic, 
hypoglycaemic or hypotensive medications met the criteria 
for increased TG and HDL- C, increased FPG or increased 
BP. A total of 82 123 participants, aged between 18 and 98 
years, attended a health examination in 2017 in this medical 
centre. Data analysis was performed on 64 902 participants 
and was restricted to individuals who completed patient 
self- report information and had laboratory results that 
included essential variables.

Identification of metabolic syndrome
The IDF 2005,20 the 2009 Joint Scientific Statement 
(harmonising criteria 2009)1 and the CDS 201319 were 
selected as standard criteria for estimation of MetS preva-
lence. Detailed indices and their thresholds for the Chinese 
population are listed in table 1. By definition, MetS was 
diagnosed when any three of five risk factors were present. 
Specifically, it is a requirement of WC for diagnosis in the 
IDF criteria, but not for the other two criteria.

Statistical analysis
Data were managed in Excel 2010 and analysed using 
SPSS V.22.0 for windows. We calculated body mass 
index (BMI) as weight divided by the square of the 
height in metres, and categorised as underweight (BMI 
<18.5), normal weight (18.5≤BMI<24.0), overweight 
(24.0≤BMI<28.0) and obesity (28.0≤BMI).21 Continuous 
variables were presented as means±SD (normal distribu-
tions) with 95% CI, while proportions were calculated 
for discrete variables. The crude prevalence of MetS and 
abnormalities were estimated for the overall population, 
as well as sex and BMI groups, using IDF 2005, harmon-
ising criteria 2009 and CDS 2013. According to the classi-
fication proposed by the sixth China Population Census 
and Population Data,22 age was categorised into five 
groups as follows: 18–29, 30–39, 40–49, 50–59 and ≥60 
years. Additionally, the standardised prevalence of MetS 
was weighted and adjusted by age and sex. A Pearson χ2 
test was used to perform comparisons between groups for 
categorical variables, while one- way analysis of variance 
was performed to compare differences among groups for 
continuous variables. To analyse the measures of agree-
ment, we calculated Cohen’s kappa coefficient at 95% CI. 
All analysis results were interpreted at a significance level 
p value <0.05 and two- tailed test.

Patient and public involvement
Patients and the public were not involved in this study.
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Table 1 Criteria for clinical diagnosis of metabolic syndrome

Variables

Recommended thresholds

IDF 2005 Harmonising criteria 2009 CDS 2013

Abdominal obesity
(waist circumference)

≥90 cm (male);
≥80 cm (female)

≥85 cm (male);
≥80 cm (female)

≥90 cm (male);
≥85 cm (female)

Triglycerides ≥1.7 mmol/L or treatment ≥1.7 mmol/L or treatment ≥1.7 mmol/L

Plasma high- density 
lipoprotein cholesterol

<1.03 mmol/L (male);
<1.29 mmol/L (female) or 
treatment

<1.0 mmol/L (male);
<1.3 mmol/L (female) or 
treatment

<1.04 mmol/L

Blood pressure Systolic ≥130 or diastolic 
≥85 mm Hg or treatment

Systolic ≥130 and/or diastolic 
≥85 mm Hg or treatment

BP ≥130/85 mm Hg or 
treatment

Fasting plasma glucose ≥5.6 mmol/L or previously 
diagnosed T2DM

≥5.6 mmol/L or treatment ≥6.1 mmol/L, and(or) 
2hPG≥7.8 mmol/L or treatment

CDS, China Diabetes Society; IDF, International Diabetes Federation; T2DM, type 2 diabetes mellitus.

Table 2 Characteristics of participants by sex (n=64 902)

Category
Male (n=37 500)
Mean (95% CI)

Female (n=27 402)
Mean (95% CI)

Body mass index (kg/m2) 24.76 (24.73 to 24.79) 22.43 (22.39 to 22.46)

Waist circumference 87.44 (87.35 to 87.53) 75.92 (75.82 to 76.02)

Triglycerides (mmol/L) 1.87 (1.85 to 1.88) 1.20 (1.19 to 1.20)

HDL- cholesterol (mmol/L) 1.13 (1.13 to 1.13) 1.38 (1.37 to 1.38)

Glucose (mmol/L) 5.38 (5.36 to 5.39) 5.07 (5.06 to 5.08)

Systolic blood pressure (mm Hg) 126.96 (126.79 to 127.13) 118.15 (117.93 to 118.36)

Diastolic blood pressure (mm Hg) 76.99 (76.88 to 77.11) 69.78 (69.65 to 69.90)

HDL- cholesterol, high- density lipoprotein cholesterol.

reSultS
Overall participants’ characteristics
A total of 64 902 participants (37 500 males and 27 402 
females), aged 18 and 97 years, were eligible for the study. 
Of these, 70% were aged between 35 and 65 years, with a 
mean age of 44.53±12.20 and a range 18–97 years. Partic-
ipants’ characteristics are presented by sex in terms of 
MetS components (table 2). Briefly, about 24.32%, 7.30% 
and 49.45% of the participants had a history of hyperten-
sion, diabetes and hyperlipidaemia, respectively.

estimated prevalence of metabolic abnormalities
The prevalence of MetS components according to the 
three criteria are summarised in table 3. Of the 64 902 
participants, the crude prevalence of MetS was 25.8% 
(95%CI 25.5 to 26.2), 38.0% (95%CI 37.6 to 38.3) and 
20.6% (95%CI 20.3 to 20.9) by IDF 2005, harmonising 
criteria 2009 and CDS 2013, respectively (χ2=5105.437, 
p<0.001). The harmonising criteria identified more MetS 
patients compared with the criteria of IDF and CDS. 
Prevalence of different metabolic components ranged 
from 20.0% to 49.5% using IDF 2005, 20.0% to 50.1% 
based on harmonising criteria 2009 and 11.1% to 34.0% 
under the CDS 2013. Additionally, we recorded higher 
MetS frequencies and proportions of abnormal WC, 

TG, BP and FPG in males than females under all three 
criteria, and the differences were statistically significant 
(p<0.001). However, the frequency of reduced HDL- C 
screened using IDF and harmonising criteria showed 
contrasting results that was higher in females. Total prev-
alence of the increased TG (49.5%), based on IDF 2005, 
was higher than that of the other components. More-
over, the highest prevalence of abnormal components by 
harmonising criteria 2009 was increased WC (50.1%) and 
by CDS 2013 was increased BP (34.0%). Table 4 shows 
the prevalence of MetS based on these three criteria 
according to BMI categories. These findings indicated 
that occurrence of MetS increased substantially in the 
overweight and obesity categories compared with under-
weight and normal weight categories.

Prevalence of metabolic syndrome
Based on the Chinese sixth- population census data, the 
age- standardised prevalence of MetS was 20.4% (95%CI 
20.0 to 20.8), 30.0% (95%CI 29.7 to 30.4) and 16.3% 
(95%CI 16.0 to 16.6) according to IDF 2005, harmon-
ising criteria 2009 and CDS 2013, respectively (table 5). 
Considering categorises of sex and age, the estimated 
prevalence of MetS was higher in males than in females. 
Additionally, MetS prevalence identified by the IDF 2005 
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Table 3 Estimated prevalence of metabolic abnormalities screened by the three criteria (N, %)

Criteria

IDF 2005

P
value

Harmonising criteria 2009

P
value

CDS 2013

P
valueTotal

Male 
37 500

Female
27 402 Total

Male 
37 500

Female
27 402 Total

Male 
37 500

Female
27 402

Increased 
WC

23 387 
(36.0)

14 834 
(39.6)

8553
(31.2)

<0.001 32 494 
(50.1)

23 941 
(63.8)

8553
(31.2)

<0.001 19 175 
(29.5)

14 834 
(39.6)

4341
(15.8)

<0.001

Increased 
TG

32 140 
(49.5)

21 559
(57.5)

10 581
(38.6)

<0.001 32 140 
(49.5)

21 559 
(57.5)

10 581 
(38.6)

<0.001 19 796
(30.5)

15 267
(40.7)

4529
(16.5)

<0.001

Reduced 
HDL- C

27 012 
(41.6)

15 249
(40.7)

11 763
(42.9)

<0.001 25 514 
(39.3)

13 410
(35.8)

12 104 
(44.2)

<0.001 19 726
(30.4)

15 905
(42.4)

3821
(13.9)

<0.001

Increased 
BP

30 386 
(46.8)

20 845
(55.6)

9541
(34.8)

<0.001 30 386
(46.8)

20 845
(55.6)

9541
(34.8)

<0.001 22 043 
(34.0)

15 589
(41.6)

6454
(23.6)

<0.001

Increased 
FPG

12 986 
(20.0)

9246
(24.7)

3740
(13.6)

<0.001 12 986 
(20.0)

9246
(24.7)

3740
(13.6)

<0.001 7233 
(11.1)

5338
(14.2)

1895
(6.9)

<0.001

MetS 16 765 
(25.8)

11 308
(30.2)

5457
(19.9)

<0.001 24 643
(38.0)

17 828
(47.5)

6815
(24.9)

<0.001 13 360
(20.6)

11 294
(30.1)

2066
(7.5)

<0.001

BP, blood pressure; CDS, China Diabetes Society; FPG, fasting plasma glucose; HDL- C, high- density lipoprotein cholesterol; IDF, International 
Diabetes Federation; MetS, metabolic syndrome; TG, triglycerides; WC, waist circumference.

Table 4 Estimated prevalence of MetS relating to abdominal obesity by three criteria (N, %)

Criteria

BMI

P
value

Underweight
(n=2633)

Normal weight
(n=32 829)

Overweight
(n=22 935)

Obesity
(n=6505)

IDF 2005 2 (0.1) 2028 (6.2) 9519 (41.5) 5216 (80.2) <0.001

Harmonising criteria 2009 57 (2.2) 5851 (17.8) 13 477 (58.8) 5258 (80.8) <0.001

CDS 2013 13 (0.5) 1912 (5.8) 7324 (31.9) 4111 (63.2) <0.001

BMI, body mass index; CDS, China Diabetes Society; IDF, International Diabetes Federation; MetS, metabolic syndrome.

and CDS 2013 was similar in males (15.3% vs 15.2%), 
although it differed for females (9.8% vs 3.7%). Statis-
tical significance in MetS prevalence between males and 
females across the three criteria was found. Overall, the 
standardised prevalence of MetS showed upward trends 
with age with prevalence gradually increasing before age 
40, was stabilised from 40 to 59 years, then increased after 
60 years.

Characteristics of participants with metabolic syndrome
Table 6 outlines the clinical parameters of participants 
with MetS using the three criteria. There was no statis-
tical significance in the means of all MetS components 
detected across the three criteria (p>0.05). Overall, the 
harmonising criteria 2009 identified MetS participants 
with the lowest BMI, WC, TG, systolic blood pressure 
(SBP), diastolic blood pressure (DBP) and FPG in males 
as well as those with the lowest BMI, WC, SBP, DBP and 
FPG in females.

relationship among the three criteria
As shown in table 7, the agreement between two criteria 
was assessed. We found 87.2% agreement between CDS 
2013 and IDF 2005, 81.6% between CDS 2013 and 
harmonising criteria 2009 and 87.1% between IDF 2005 

and harmonising criteria 2009. Kappa coefficients for 
CDS 2013 relative to the other two criteria were 0.641 
(95%CI 0.633 to 0.649) and 0.572 (95%CI 0.566 to 
0.578), indicating a moderate agreement. This coeffi-
cient was also higher in males than in females (0.720 vs 
0.414, 0.609 vs 0.395). The kappa coefficient of IDF 2005 
and harmonising criteria 2009 was 0.708 (95%CI 0.702 
to 0.714). However, it was lower in males compared with 
females (0.618 vs 0.858).

DISCuSSIOn
In this study, we provided an estimation of MetS preva-
lence among Chinese adults in Zhejiang province, east 
of China, using three standard criteria based on hospital- 
based cross- sectional data. We screened a large cohort of 
relatively young Chinese adults with a mean age of 44.53 
years, and found age- standardised prevalence of MetS to 
be 20.4%, 30.0% and 16.3% under the IDF 2005, harmon-
ising criteria 2009, and CDS 2013 criteria, respectively. 
The current prevalence of MetS, reported herein, was 
lower than what has previously been reported in older 
Chinese adults (mean aged at 69 years) using the harmon-
ising criteria 2009 and CDS 2013 (58.2% and 39.2%).23 
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Table 5 Adjusted prevalence of metabolic syndrome by the three criteria by sex and age

Category Sample

% (95%CI)

IDF 2005 Harmonising criteria 2009 CDS 2013

Overall 64 902 20.4 (20.0 to 20.8) 30.0 (29.7 to 30.4) 16.3 (16.0 to 16.6)

Sex

  Male 37 500 15.3 (14.8 to 15.8) 24.0 (23.6 to 24.4) 15.2 (14.8 to 15.8)

  Female 27 402 9.8 (9.4 to 10.2) 12.3 (12.0 to 12.7) 3.7 (3.5 to 3.9)

  χ2 866.551 3455.032 4937.018

  P value <0.001 <0.001 <0.001

Age

  18–29 7515 1.9 (1.6 to 2.2) 3.0 (2.6 to 3.4) 1.4 (1.1 to 1.7)

  30–39 16 319 2.6 (2.3 to 2.9) 4.0 (3.7 to 4.3) 2.1 (1.9 to 2.3)

  40–49 18 977 4.3 (4.0 to 4.6) 6.5 (6.2 to 6.9) 3.7 (3.4 to 4.0)

  50–59 14 696 4.4 (4.0 to 4.8) 6.3 (5.9 to 6.7) 3.5 (3.2 to 3.8)

  ≥60 7395 6.1 (5.5 to 6.7) 8.3 (7.7 to 9.0) 4.2 (3.7 to 4.7)

  χ2 4280.676 6104.856 2722.093

  P value <0.001 <0.001 <0.001

CDS, China Diabetes Society; IDF, International Diabetes Federation.

Table 6 Comparisons of clinical characteristics of participants with metabolic syndrome by three criteria (mean, SD)

Male Female

P valueIDF 2005
Harmonising 
criteria 2009 CDS 2013 IDF 2005

Harmonising 
criteria 2009 CDS 2013

Age 47.93 (11.44) 47.83 (11.51) 48.29 (11.00) 53.92 (11.41) 53.36 (11.31) 55.50 (11.01) 0.970

BMI 27.51 (2.54) 26.31 (2.75) 26.94 (2.79) 25.78 (2.78) 25.07 (2.98) 26.21 (3.19) 0.636

WC 96.08 (5.43) 92.18 (6.91) 94.10 (6.86) 87.06 (6.21) 84.61 (7.65) 88.14 (8.00) 0.869

TG 2.57 (2.06) 2.49 (1.98) 2.86 (2.17) 1.87 (1.14) 1.88 (1.13) 2.48 (1.35) 0.529

HDL- C 1.01 (0.23) 1.02 (0.24) 0.97 (0.20) 1.19 (0.27) 1.19 (0.27) 1.06 (0.23) 0.681

SBP 133.89 (16.55) 133.07 (16.74) 134.07 (17.35) 134.03 (19.83) 133.49 (19.95) 138.22 (20.84) 0.270

DBP 82.02 (11.50) 81.29 (11.43) 82.42 (11.91) 76.81 (11.56) 76.66 (11.67) 79.34 (12.39) 0.829

FPG 5.85 (1.65) 5.79 (1.61) 5.97 (1.83) 5.61 (1.28) 5.61 (1.69) 6.04 (1.70) 0.212

P value＜0.05.
BMI, body mass index; CDS, China Diabetes Society; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL- C, high- density 
lipoprotein cholesterol; IDF, International Diabetes Federation; SBP, systolic blood pressure; TG, triglycerides; WC, waist circumference.

Based on IDF 2005, the prevalence of MetS in this study 
was similar to that of a national investigation (18.2% from 
the China Health and Nutrition Survey in 2009 based on 
the sample of 7488 participants conducted in nine prov-
inces)15 and a regional investigation (18.0% based on the 
sample of 17 437 participants from Zhejiang province in 
2010).24 A review suggested that onset of MetS is a serious 
public health problem owing to changes in lifestyles, and 
shows a trend towards higher prevalence among young 
adults.4 5 Hence, our study provides important insights 
into the need to identify MetS for early prevention.

We found that the harmonising criteria identified 
more MetS patients compared with the IDF and CDS two 
criteria. Specifically, the cut- off value for WC in males 
was lower, while HDL- C for females was a little higher 

under harmonising criteria 2009 relative to IDF 2005. 
In addition, abdominal obesity is a mandatory require-
ment for a diagnosis of MetS and leads to a relatively low 
detected disease rate on IDF 2005. Due to lack of a sepa-
rated threshold of HDL- C between males and females, 
no option of including hyperlipidaemia treatment, lower 
cut- off values of WC and higher cut- off values of FPG 
indicated that MetS prevalence was the lowest using CDS 
2013. The prognostic impact of MetS criteria on CVD 
has also been tested in previous studies. For example, 
Vinluan et al25 found that adjusted HRs for risk of CVD 
by the IDF was 1.31 (95%CI 1.00 to 1.50). Another study 
indicated that the HRs of the harmonising criteria 2009 
for incident CVD was 1.70 (1.34–2.17), which was higher 
than that of 1.54 (1.22–19.94) by IDF 2005.26 In order 
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Table 7 Agreement of the three criteria

Criteria

Male (n=37 500) Female (n=27 402) Total (n=64 902)

Number % Number % Number %

CDS 2013 vs IDF 2005

(+) (+) 9093 24.2 1800 6.6 10 893 16.8

(+) (−) 2201 5.9 266 1.0 2467 3.8

(−) (+) 2215 5.9 3657 13.3 5872 9.0

(−) (−) 23 991 64.0 21 679 79.1 45 670 70.4

Kappa value, 
95% CI

0.720* (0.712 to 0.728) 0.414* (0.400 to 0.428) 0.641* (0.633 to 0.649)

CDS 2013 vs harmonising criteria 2009

(+) (+) 10 968 29.2 2066 7.5 13 034 20.1

(+) (−) 326 0.9 0 0 326 0.5

(−) (+) 6860 18.3 4749 17.3 11 609 17.9

(−) (−) 19 346 51.6 20 587 75.1 39 933 61.5

Kappa value, 
95% CI

0.609* (0.601 to 0.617) 0.395* (0.383 to 0.407) 0.572* (0.566 to 0.578)

IDF 2005 vs harmonising criteria 2009

(+) (+) 11 061 29.5 5457 19.9 16 518 25.5

(+) (−) 247 0.7 0 0 247 0.4

(−) (+) 6767 18.0 1358 5.0 8125 12.5

(−) (−) 19 425 51.8 20 587 75.1 40 012 61.6

Kappa value, 
95% CI

0.618* (0.610 to 0.626) 0.858* (0.850 to 0.866) 0.708* (0.702 to 0.714)

The differences between every two criteria were evaluated by χ2 test. ‘+’ means that patient was diagnosed as metabolic syndrome by the 
given criteria; ‘−’ means that patient was no metabolic syndrome by the given criteria.
*P value＜0.001.
CDS, China Diabetes Society; IDF, International Diabetes Federation.

to find a preferred approach for identifying adults with 
MetS, future studies should compare the predictive ability 
of different MetS criteria for CVD in a given situation.

One interesting finding from the study was the impact 
of different thresholds on the sex difference in the estima-
tion of MetS prevalence. Similarly, previous studies have 
reported that sex differences needed to be considered 
when discussing lipid and lipoprotein metabolism and 
susceptibility to develop obesity, diabetes and CVD.27–29 
We found a higher MetS prevalence in males than females 
across all three criteria, based on the male to female ratio 
(1.02) among Chinese adults (aged 18 years and older) 
in 2010. This corroborated results from previous studies 
which indicated higher MetS prevalence in males before 
the age of 50 years and higher in females after the age of 
50 years,30 31 MetS prevalence by different age groups are 
recommended for future studies.13 32 We observed similar 
MetS prevalence in males (15.3% vs 15.2%), but this was 
higher in females (9.8% vs 3.7%) based on IDF 2005 and 
CDS 2013. Since we did not administer drug treatment for 
dyslipidaemia, the detected TG disorder by CDS 2013 was 
less than that detected under the other two criteria. Addi-
tionally, we found much lower frequency of HDL- C disor-
ders in females using CDS 2013 compared with IDF 2005 
and harmonising criteria 2009, and this is likely due to the 

same cut- off values regardless of sexes. The other differ-
ences can be attributed to the cut- off values of abnormal 
WC and FPG, which results in higher proportions in 
females using IDF 2005 relative to CDS 2013. Regardless 
of the MetS criteria used, the increased MetS prevalence 
trends were related to advanced age and increased BMI, 
which is consistent with previous studies.13 16

As noted, the criterion for abdominal obesity vari-
ously defined across the three criteria and this has an 
impact on MetS prevalence. Abdominal obesity has been 
reported to be a predisposing factor of insulin resis-
tance, hypertension and dyslipidaemia in both male and 
female patients.29 33 34 Measurement of BMI is routinely 
performed in metabolic- related studies, though not the 
priority in predicting cardiometabolic risk.35 WC was a 
useful predictor of metabolic morbidities and adopted in 
recent MetS definitions.1 17 36 A large cohort study among 
Chinese showed that WC was valid to predict the abnormal 
BP.37 Another study recognised WC as a better index for 
MetS status for its predictive ability and wide use in clin-
ical settings.38 The WC threshold in females was higher 
in CDS 2013 compared with IDF 2005 and harmonising 
criteria 2009, although the differences of detected values 
among MetS patients showed no statistical significances 
(p>0.05). Previous data pointed out that healthy Chinese 
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have more visceral adipose tissue than Europeans with 
the same WC using imaging technology, suggesting that 
the cut- off value of WC for Chinese could be lower than 
other ethnicities.39 Liu et al40 reported that the optimal 
cut- off WC to detect multiple cardiometabolic risk factors 
was 91.3 and 87.1 cm in males and females, respectively. 
Zeng et al41 determined that WC of 85.0 cm in males and 
75.0 cm in females were the optimal thresholds to predict 
all CVD risk factors in Chinese using receiver operating 
characteristic analysis. Though CDS 2013 has attempted 
to bridge differences of population- specific criteria on 
WC, compared with other international criteria using 
experimental studies,18 a more elaborate analysis is 
needed using this approach to prove the rationality of WC 
cut- off threshold (90 cm for males and 85 cm for females).

Among all MetS components analysed, dyslipidaemia 
was the most common dysfunction. Particularly, 49.45% 
of 64 902 participants were diagnosed with hyperlipi-
daemia, while the frequency of abnormal TG in overall 
populations ranged from 30.5% to 49.5% under all three 
criteria. These results were similar to those reported in 
an epidemiological survey in east China, in which TG 
disorder was found to be a significant risk factor.32 Previous 
data reported that obesity, dyslipidaemia and increased 
FPG were prevalent components of MetS among Han 
Chinese using CDS 2013.42 A national survey in Indonesia 
reported decreased HDL- C and hypertension as the two 
most prevalent risk factors for MetS.43 In this study, the 
detectable rates of increased BP were significantly high 
among Chinese adults, ranging from 34.0% to 46.8%. 
Based on this, the IDF 2005 and harmonising criteria 
2009 were better at identifying more patients with hyper-
tension than CDS 2013.

Notably, we found good agreements among the three 
criteria. Our findings were similar to results from a study 
that estimated MetS prevalence among 1832 elderly in 
China, with agreements ranging from 81.1% to 88.3%, 
and kappa coefficients of 0.625 (IDF 2005 and CDS 
2013), 0.768 (IDF 2005 and harmonising criteria 2009) 
and 0.634 (CDS 2013 and harmonising criteria 2009).23 
This is in line with the previous study that all three criteria 
are feasible in Chinese populations for the identifica-
tion of MetS. The concordance between IDF 2005 and 
harmonising criteria 2009 based on their greater simi-
larity was further supported by a study from Ethiopia.44 
The difference of their kappa coefficients by sex was 
due to the WC criterion that it is identical in females but 
different in males. From our findings, using harmonising 
criteria 2009 is likely to improve identification of high- 
risk cardiometabolic factors in Chinese populations for 
early intervention of MetS.

limitations
The design and findings of the study presented several 
limitations. First, due to a cross- sectional study design, 
the current sampling came from one medical centre at 
a specific time period and from one province in China, 
may limit generalisability. It will be important to use a 

larger sample and up- to- date data in future studies on 
prevalence of MetS among Chinese population. Early 
MetS diagnosis, using population- based health data, 
could increase risk perception and awareness towards a 
healthier lifestyle. A multicentre investigation would be 
valuable in future research to examine disease- related 
outcomes of MetS based on long- term follow- up data in 
specific populations. Second, this study provides descrip-
tive evidence for the prevalence of MetS rather than 
analytical findings on the degree of different criteria to 
predict the incidence of CVD and T2DM. In this regard, 
it will be important to further explore the utility and 
applicability of the three criteria using ethnic- specific 
thresholds for Chinese cultures and populations.

COnCluSIOn
The current study estimated prevalence of MetS using 
IDF 2005, harmonising criteria 2009 and CDS 2013, and 
found significant differences in sex and BMI. Since MetS 
components are all reversible, their early identification 
using data from health examinations could lead to the 
development of effective prevention approaches for 
obesity, cardiometabolic diseases and T2DM. Based on 
our results, we recommended the harmonising criteria 
2009 for generation of strict cut- off thresholds of MetS 
components. This is the most preferred criteria for 
identifying individuals at risk for MetS. Future research 
should elucidate the predictive ability of MetS criteria for 
cardiometabolic- related diseases.

Contributors XW performed the data analysis and was responsible for drafting 
of the manuscript. DH, ZY and JS made critical revisions to the paper. ZY and LT 
provided administrative support. All authors made substantial contributions to the 
manuscript.

Funding This study was supported by Zhejiang Province Public Welfare Technology 
Application Research Project (CN) (LGF18G030001). XW was supported by China 
Scholarship Council (201806320175) being a research trainee in Princess Margaret 
Cancer Center and Lawrence S. Bloomberg Faculty of Nursing, University of Toronto. 
All funders had not involved in the data collection, data analysis, data interpretation, 
academic writing or the decision to submit the article for publication. The 
corresponding author had full access to all data in the project and had significant 
responsibility for the final decision to submit for publication.

Competing interests None declared.

Patient consent for publication Not required.

ethics approval The study protocol was approved by the Ethics Committee of 
Sir Run Run Shaw Hospital Affiliated to Zhejiang University School of Medicine 
(20171120–13).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The 
data sets generated for this study are available on reasonable requests to the 
corresponding author.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

OrCID iDs
Xiyi Wang http:// orcid. org/ 0000- 0002- 6470- 8556
Zhihong Ye http:// orcid. org/ 0000- 0001- 6947- 3330

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6470-8556
http://orcid.org/0000-0001-6947-3330


8 Wang X, et al. BMJ Open 2020;10:e035216. doi:10.1136/bmjopen-2019-035216

Open access 

reFerenCeS
 1 Alberti KGMM, Eckel RH, Grundy SM, et al. Harmonizing the 

metabolic syndrome: a joint interim statement of the International 
diabetes Federation Task force on epidemiology and prevention; 
National heart, lung, and blood Institute; American heart association; 
world heart Federation; international atherosclerosis Society; 
and international association for the study of obesity. Circulation 
2009;120:1640–5.

 2 Benjamin EJ, Muntner P, Alonso A, et al. Heart disease and stroke 
Statistics-2019 update: a report from the American heart association. 
Circulation 2019;139:e56–66.

 3 Gakidou E, Afshin A, Abajobir AA, et al. Global, regional, and national 
comparative risk assessment of 84 behavioural, environmental and 
occupational, and metabolic risks or clusters of risks, 1990–2016: a 
systematic analysis for the global burden of disease study 2016. The 
Lancet 2017;390:1345–422.

 4 Saklayen MG. The global epidemic of the metabolic syndrome. Curr 
Hypertens Rep 2018;20:12.

 5 Moore JX, Chaudhary N, Akinyemiju T. Metabolic syndrome 
prevalence by Race/Ethnicity and sex in the United States, National 
health and nutrition examination survey, 1988-2012. Prev Chronic Dis 
2017;14:E24.

 6 Franco OH, Massaro JM, Civil J, et al. Trajectories of entering the 
metabolic syndrome: the Framingham heart study. Circulation 
2009;120:1943–50.

 7 Jumean MF, Korenfeld Y, Somers VK, et al. Impact of diagnosing 
metabolic syndrome on risk perception. Am J Health Behav 
2012;36:522–32.

 8 Xanthakis V, Sung JH, Samdarshi TE, et al. Relations between 
subclinical disease markers and type 2 diabetes, metabolic 
syndrome, and incident cardiovascular disease: the Jackson heart 
study. Diabetes Care 2015;38:1082–8.

 9 Ju S- Y, Lee J- Y, Kim D- H. Association of metabolic syndrome and 
its components with all- cause and cardiovascular mortality in the 
elderly: a meta- analysis of prospective cohort studies. Medicine 
2017;96:e8491.

 10 Li X, Li X, Fang F, et al. Is metabolic syndrome associated with the 
risk of recurrent stroke: a meta- analysis of cohort studies. J Stroke 
Cerebrovasc Dis 2017;26:2700–5.

 11 Esposito K, Chiodini P, Colao A, et al. Metabolic syndrome and risk 
of cancer: a systematic review and meta- analysis. Diabetes Care 
2012;35:2402–11.

 12 Pearson- Stuttard J, Zhou B, Kontis V, et al. Worldwide burden 
of cancer attributable to diabetes and high body- mass index: 
a comparative risk assessment. Lancet Diabetes Endocrinol 
2018;6:e6–15.

 13 Li R, Li W, Lun Z, et al. Prevalence of metabolic syndrome in 
mainland China: a meta- analysis of published studies. BMC Public 
Health 2016;16:296.

 14 Gu D, Reynolds K, Wu X, et al. Prevalence of the metabolic 
syndrome and overweight among adults in China. The Lancet 
2005;365:1398–405.

 15 Xi B, He D, Hu Y, et al. Prevalence of metabolic syndrome and its 
influencing factors among the Chinese adults: the China health and 
nutrition survey in 2009. Prev Med 2013;57:867–71.

 16 Ford ES, Li C, Zhao G. Prevalence and correlates of metabolic 
syndrome based on a harmonious definition among adults in the US. 
J Diabetes 2010;2:180–93.

 17 Gearon E, Tanamas SK, Stevenson C, et al. Changes in waist 
circumference independent of weight: implications for population 
level monitoring of obesity. Prev Med 2018;111:378–83.

 18 Bao Y, Lu J, Wang C, et al. Optimal waist circumference cutoffs for 
abdominal obesity in Chinese. Atherosclerosis 2008;201:378–84.

 19 Chinese Diabetes Society. Chinese prevention guideline for type 2 
diabetes (2017). Chin J Diabetes Mellitus 2018;10:4–50.

 20 Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome--a new 
world- wide definition. A Consensus Statement from the International 
Diabetes Federation. Diabet Med 2006;23:469–80.

 21 Zhou B- F, Beifan Z, Cooperative Meta- Analysis Group of the Working 
Group on Obesity in China. Predictive values of body mass index 
and waist circumference for risk factors of certain related diseases 
in Chinese adults--study on optimal cut- off points of body mass 
index and waist circumference in Chinese adults. Biomed Environ Sci 
2002;15:83–96.

 22 National Bureau of Statistics of China. Tabulation on the 2010 
population census of the people's Republic of China, 2010. 
Available: http://www. stats. gov. cn/ tjsj/ pcsj/ rkpc/ 6rp/ indexch. htm

 23 Cai Ruixue CJ, Lingyan K, Yingpeng W. Comparison of four different 
metabolic syndrome diagnostic criteria among the elderly in Nanjing. 
Chin J Dis Control Pre 2019;23:146–51.

 24 Ye Z, Cong L, Ding G. Prevalence of diabetes and metabolic 
syndrome in urban and rural residents of Zhejiang Province. The 
10th national conference on endocrinology of the Chinese Medical 
Association, Chinese Medical Association, 2011:21–2.

 25 Vinluan CM, Zreikat HH, Levy JR, et al. Comparison of different 
metabolic syndrome definitions and risks of incident cardiovascular 
events in the elderly. Metabolism 2012;61:302–9.

 26 Hosseinpanah F, Asghari G, Barzin M, et al. Prognostic impact 
of different definitions of metabolic syndrome in predicting 
cardiovascular events in a cohort of non- diabetic Tehranian adults. 
Int J Cardiol 2013;168:369–74.

 27 Wang X, Magkos F, Mittendorfer B. Sex differences in lipid and 
lipoprotein metabolism: it's not just about sex hormones. J Clin 
Endocrinol Metab 2011;96:885–93.

 28 Palmisano BT, Zhu L, Eckel RH, et al. Sex differences in lipid and 
lipoprotein metabolism. Mol Metab 2018;15:45–55.

 29 Kurniawan L, Bahrun U, Hatta M, et al. Body mass, total body 
fat percentage, and visceral fat level predict insulin resistance 
better than waist circumference and body mass index in healthy 
young male adults in Indonesia. J Clin Med 2018;7. doi:10.3390/
jcm7050096. [Epub ahead of print: 01 May 2018].

 30 Ko GT- C, Cockram CS, Chow C- C, et al. High prevalence of 
metabolic syndrome in Hong Kong Chinese--comparison of three 
diagnostic criteria. Diabetes Res Clin Pract 2005;69:160–8.

 31 Pucci G, Alcidi R, Tap L, et al. Sex- and gender- related prevalence, 
cardiovascular risk and therapeutic approach in metabolic syndrome: 
a review of the literature. Pharmacol Res 2017;120:34–42.

 32 Jiang B, Zheng Y, Chen Y, et al. Age and gender- specific distribution 
of metabolic syndrome components in East China: role of 
hypertriglyceridemia in the SPECT- China study. Lipids Health Dis 
2018;17:92.

 33 O'Neill S, O'Driscoll L. Metabolic syndrome: a closer look at the 
growing epidemic and its associated pathologies. Obes Rev 
2015;16:1–12.

 34 Grundy SM. Metabolic syndrome update. Trends Cardiovasc Med 
2016;26:364–73.

 35 JYH T, Gan WY, Lim PY. Comparisons of body mass index, waist 
circumference, Waist- To- Height ratio and a body shape index (ABSI) 
in predicting high blood pressure among Malaysian adolescents: a 
cross- sectional study. BMJ Open 2020;10.

 36 Huxley R, James WPT, Barzi F, et al. Ethnic comparisons of the 
cross- sectional relationships between measures of body size with 
diabetes and hypertension. Obes Rev 2008;9 Suppl 1:53–61.

 37 Liu J, Tse LA, Liu Z, et al. Predictive Values of Anthropometric 
Measurements for Cardiometabolic Risk Factors and 
Cardiovascular Diseases Among 44 048 Chinese. J Am Heart Assoc 
2019;8:e010870.

 38 Wang H, Liu A, Zhao T, et al. Comparison of anthropometric indices 
for predicting the risk of metabolic syndrome and its components 
in Chinese adults: a prospective, longitudinal study. BMJ Open 
2017;7:e016062.

 39 Chan JCN, Malik V, Jia W, et al. Diabetes in Asia: epidemiology, risk 
factors, and pathophysiology. JAMA 2009;301:2129–40.

 40 Liu Y, Tong G, Tong W, et al. Can body mass index, waist 
circumference, waist- hip ratio and waist- height ratio predict the 
presence of multiple metabolic risk factors in Chinese subjects? 
BMC Public Health 2011;11:35.

 41 Zeng Q, He Y, Dong S, et al. Optimal cut- off values of BMI, waist 
circumference and waist:height ratio for defining obesity in Chinese 
adults. Br J Nutr 2014;112:1735–44.

 42 Guo H, Nian X, Liang Y, et al. The prevalence and risk factors of 
metabolic syndrome in Chinese population based on the multicenter 
cross- sectional survey. Chin J DIs Control Prev 2019;23:796–801.

 43 Herningtyas EH, Ng TS. Prevalence and distribution of metabolic 
syndrome and its components among provinces and ethnic groups 
in Indonesia. BMC Public Health 2019;19:377.

 44 Bizuayehu Wube T, Mohammed Nuru M, Tesfaye Anbese A. A 
comparative prevalence of metabolic syndrome among type 2 
diabetes mellitus patients in Hawassa university comprehensive 
specialized Hospital using four different diagnostic criteria. Diabetes 
Metab Syndr Obes 2019;12:1877–87.

http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192644
http://dx.doi.org/10.1161/CIR.0000000000000659
http://dx.doi.org/10.1016/S0140-6736(17)32366-8
http://dx.doi.org/10.1016/S0140-6736(17)32366-8
http://dx.doi.org/10.1007/s11906-018-0812-z
http://dx.doi.org/10.1007/s11906-018-0812-z
http://dx.doi.org/10.5888/pcd14.160287
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.855817
http://dx.doi.org/10.5993/AJHB.36.4.9
http://dx.doi.org/10.2337/dc14-2460
http://dx.doi.org/10.1097/MD.0000000000008491
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.014
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.014
http://dx.doi.org/10.2337/dc12-0336
http://dx.doi.org/10.1016/S2213-8587(18)30150-5
http://dx.doi.org/10.1186/s12889-016-2870-y
http://dx.doi.org/10.1186/s12889-016-2870-y
http://dx.doi.org/10.1016/S0140-6736(05)66375-1
http://dx.doi.org/10.1016/j.ypmed.2013.09.023
http://dx.doi.org/10.1111/j.1753-0407.2010.00078.x
http://dx.doi.org/10.1016/j.ypmed.2017.11.030
http://dx.doi.org/10.1016/j.atherosclerosis.2008.03.001
http://dx.doi.org/10.1111/j.1464-5491.2006.01858.x
http://www.ncbi.nlm.nih.gov/pubmed/12046553
http://www.stats.gov.cn/tjsj/pcsj/rkpc/6rp/indexch.htm
http://dx.doi.org/10.1016/j.metabol.2011.07.002
http://dx.doi.org/10.1016/j.ijcard.2012.09.037
http://dx.doi.org/10.1210/jc.2010-2061
http://dx.doi.org/10.1210/jc.2010-2061
http://dx.doi.org/10.1016/j.molmet.2018.05.008
http://dx.doi.org/10.3390/jcm7050096
http://dx.doi.org/10.1016/j.diabres.2004.11.015
http://dx.doi.org/10.1016/j.phrs.2017.03.008
http://dx.doi.org/10.1186/s12944-018-0747-z
http://dx.doi.org/10.1111/obr.12229
http://dx.doi.org/10.1016/j.tcm.2015.10.004
http://dx.doi.org/10.1111/j.1467-789X.2007.00439.x
http://dx.doi.org/10.1161/JAHA.118.010870
http://dx.doi.org/10.1136/bmjopen-2017-016062
http://dx.doi.org/10.1001/jama.2009.726
http://dx.doi.org/10.1186/1471-2458-11-35
http://dx.doi.org/10.1017/S0007114514002657
http://dx.doi.org/10.1186/s12889-019-6711-7
http://dx.doi.org/10.2147/DMSO.S221429
http://dx.doi.org/10.2147/DMSO.S221429

	Comparative study on prevalence of metabolic syndrome based on three criteria among adults in Zhejiang province, China: an observational study
	Abstract
	Introduction
	Methods
	Study design and population
	Identification of metabolic syndrome
	Statistical analysis
	Patient and public involvement

	Results
	Overall participants’ characteristics
	Estimated prevalence of metabolic abnormalities
	Prevalence of metabolic syndrome
	Characteristics of participants with metabolic syndrome
	Relationship among the three criteria

	Discussion
	Limitations

	Conclusion
	References


