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Abstract
Objective  Metabolic syndrome (MetS) is a notable risk 
factor of coronary heart disease (CHD). However, there 
are differences in the methods used to define MetS. 
The purpose of this study was to determine which MetS 
definition most fully reflects the 10-year probability of CHD 
based on the Framingham risk algorithm.
Design  Cross-sectional study.
Setting  Data were obtained from the China Health and 
Nutrition Survey and the Influencing Factors of Chronic 
Diseases Survey conducted among residents of Nanshan 
District in Shenzhen, China.
Participants  In total, 1721 participants aged 20–80 years 
were included in this study.
Methods  MetS was diagnosed according to the criteria 
of the National Cholesterol Education Program’s Adult 
Treatment Panel (revised NCEP-ATP III), the International 
Diabetes Federation (IDF) and the Chinese Diabetes 
Society (CDS). The NCEP-ATP III algorithm was used to 
calculate the Framingham risk score, and the Framingham 
risk score was used to define the probability of developing 
CHD within 10 years either as low (<6%), moderate 
(6%–10%), moderately high (10%–20%) or high (>20%). 
Chi-square tests with or without the Bonferroni correction 
were used to compare the differences in the distribution of 
the 10-year estimated risk of developing CHD among the 
three definitions.
Results  Compared with the other definitions, the revised 
NCEP-ATP III criteria identified more participants (30.96%, 
95% CI 28.8% to 33.2%) as having MetS, while the 
CDS criteria showed the highest 10-year probability of 
developing CHD. The 10-year probability of developing 
CHD in the participants with MetS was significantly 
higher than that in the participants without MetS (CDS: 
χ2=157.65, revised ATP III: χ2=45.17, IDF: χ2=306.15, all 
p<0.001), and all definitions more fully reflect the CHD risk 
in men than in women (revised NCEP-ATP III: χ2=72.83; 
IDF: χ2=63.60; CDS: χ2=23.84; all p<0.001).
Conclusions  This study demonstrates the differences in 
the prevalence and distribution of the 10-year estimated 
risk of developing CHD based on the definition of MetS. A 
significant finding of this study is that the MetS definitions 
have better performance for men than for women. Further 
studies in China, especially longitudinal studies, are 

needed to determine which definition of MetS is best 
suited for predicting CHD risk.

Introduction 
Metabolic syndrome (MetS) is typically diag-
nosed based on abnormalities in a specific set 
of clinical measures and is associated with an 
increased risk of developing coronary heart 
disease (CHD).1–3 A meta-analysis conducted 
by Mottillo et al showed that MetS is associ-
ated with an increased risk of cardiovascular 
outcomes and all-cause mortality.4 Another 
meta-analysis including 43 cohorts reported 
that the relative risk of cardiovascular events 
and deaths is 1.78 times greater in individuals 
with MetS.5 In addition, a matched cohort 
study found that participants with MetS have 
a 2.85-fold (2.27–3.57) and 1.80-fold (1.42–
2.28) increase in CHD risk in the unadjusted 
and fully adjusted models, respectively.6 

Strengths and limitations of this study

►► The complex, multistage probability sample design 
is fairly representative of the Chinese population in 
Shenzhen.

►► There was a low percentage of missing data in 
general.

►► Three definitions of metabolic syndrome (MetS) 
were used to compare the discrepancy in the prev-
alence of MetS and the 10-year probability of de-
veloping coronary heart disease (CHD) based on the 
Framingham risk score.

►► The Framingham algorithm may overestimate the 
risk of developing CHD in a Chinese population.

►► This study adopted a cross-sectional design, and 
cohort studies are needed to further prove the pre-
dictive value and determine which MetS definition 
is the most predictive of the development of CHD.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-022974
http://dx.doi.org/10.1136/bmjopen-2018-022974
http://dx.doi.org/10.1136/bmjopen-2018-022974
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-022974&domain=pdf&date_stamp=2018-010-25
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Currently, diverse methods are used to define MetS, 
including the 2002 US Third Report of the National 
Cholesterol Education Program (NCEP) Expert Panel 
on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults (Adult Treatment Panel (ATP) 
III),7 the 2005 International Diabetes Federation (IDF) 
criteria,8 the 2004 Chinese Diabetes Society (CDS) 
criteria9 and the 2009 Joint Interim Statement (JIS) 
criteria.10 Although these criteria have similar compo-
nents, there are also variations. For example, the criteria 
of the revised NCEP-ATP III and IDF are the same, but 
the IDF criteria include abdominal obesity as an oblig-
atory component defining MetS. The CDS criteria 
consider the importance of each component equal and 
use the body mass index (BMI) rather than waist circum-
ference (WC) as an index to define obesity. In addition, 
the cut-off values for specific components in the ATP III 
criteria differ from those in the revised NCEP-ATP III and 
IDF criteria, except for the cut-off value for triglyceride 
(TG) levels. Furthermore, the JIS criteria were created 
in a collaboration among global expert groups and are 
similar to the revised NCEP-ATP III criteria, including the 
national and regional cut-off values for WC.

The differences among these definitions of MetS have 
resulted in discrepancies in the reported prevalence of 
MetS among various populations and difficulties in iden-
tifying target populations for the prevention and control 
of MetS. Most importantly, since MetS is known to be a 
risk factor for developing CHD, knowledge regarding 
which MetS definition better reflects the risk of devel-
oping CHD is critical.

The present study aimed to investigate the discrepancy 
in the prevalence of MetS using three different defini-
tions (the revised NCEP-ATP III, the IDF and the CDS 
criteria) in the Chinese population. This study also aimed 
to determine which MetS definition most fully reflects 
the 10-year probability of developing CHD based on the 
Framingham risk algorithm.

Methods
Subjects
We combined data from parts of the China Health and 
Nutrition Survey to examine the association between 
health status and changes in economic and social 
conditions with data from the Influencing Factors of 
Chronic Diseases Survey. Briefly, this study comprised 
two cross-sectional studies conducted among residents 
of Nanshan District in Shenzhen, Guangdong Province 
in 2015. During the investigation, a complex, multistage 
probability sample design was used for the distribution of 
both surveys. In addition, the participants included in the 
survey were required to be eligible adults who had been 
living in Nanshan District for at least 6 months.

This study sample consisted of 1820 adults; however, 
99 subjects were excluded because anthropometric or 
biochemical information needed for an accurate diag-
nosis of MetS was lacking. In total, 1721 participants aged 

20 to 80 years old were ultimately eligible for analysis. 
All participants were informed of the specific details and 
provided informed consent before the surveys, both of 
which were approved.

Patients and public involvement
The patients were not directly involved in the design of 
the study nor in the recruitment and carrying out of the 
study. The results of this study will be disseminated to 
the study participants through different channels. First, 
we directly communicate with the Community Health 
Service Centre, which will provide the related results to 
the residents, especially patients with MetS. Second, the 
work will be published in an open-access peer-reviewed 
journal to provide everyone with the opportunity to 
obtain the information.

Measurements
A face-to-face interview was conducted by an investi-
gator who was trained to administer both surveys. A stan-
dardised questionnaire was used to collect information 
regarding the participants’ demographic characteristics, 
smoking status, drinking status, physical activity, medical 
history and medication use. Weight, height and WC were 
measured by an investigator using standard measurement 
methods. Weight and height were measured while the 
participants were marginally clothed without shoes using 
an SK-X80 (Sonka Corporation, Shenzhen, China) and 
recorded to the nearest 0.1 kg. The BMI was calculated 
as weight in kilograms divided by the square of height in 
metres. The WC was measured to the nearest 0.1 cm at 
the midpoint between the lower rib and the iliac crest at 
the end of normal expiration while the participants were 
standing. Blood pressure was measured using a standard 
mercury sphygmomanometer with the cuff on the right 
upper arm after 5 min of rest. Three blood pressure read-
ings were recorded, and the mean of the three readings 
was calculated.

Laboratory tests
The participants were required to fast overnight (at least 
10 hours) before blood collection was conducted by the 
nurse. Blood was drawn from the vein in the morning at the 
Community Health Service Centre and transferred to the 
Shenzhen Nanshan Centre for Chronic Disease Control for 
further treatment within 2 hours of blood collection. The 
blood specimens were collected in a 5 mL EDTA vacuum 
tube for routine examination and 5 mL coagulation tubes 
for the biochemical analysis and stored in a cooler during 
transportation. Once the specimens arrived at the Depart-
ment of Laboratory Medicine, they were centrifuged at 
3000×g for 10 min at room temperature instantaneously. 
The fasting blood glucose (FBG) level, total cholesterol 
(TC) level, TG level, low-density lipoprotein concentra-
tion (LDL-C) and high-density lipoprotein concentration 
(HDL-C) were analysed by an automatic clinical chemistry 
analyser (HITACH 7080, Tokyo, Japan). FBG, TC, TG, 
HDL-C and LDL-C were determined by enzymatic methods.
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Definition of MetS and the Framingham risk algorithm
In this study, we used the following three different defi-
nitions of MetS: the revised NCEP-ATP III Criteria for 
Asians (revised by the American Heart Association and 
the National Heart, Lung, and Blood Institute (AHA/
NHLBI) in 200511 and are the same criteria as those used 
by the JIS in 2009,10 IDF criteria for Asians8 and CDS 
criteria.9 The details of the three criteria are provided 
in table  1. The Framingham risk score was calculated 
by using the NCEP-ATP III algorithm,7 which uses the 
following variables: sex, age, TC, smoking status, HDL-C 
and systolic blood pressure (SBP) (treatment for hyper-
tension and SBP value). The 10-year probability of devel-
oping CHD was calculated based on the risk score by 
gender. In addition, we defined the 10-year probability 
of developing CHD as low (<6%), moderate (6%–10%), 
moderately high (10%–20%) and high (>20%).12 Partic-
ipants with pre-existing diabetes or self-reported cardio-
vascular disease (CVD) (including heart attack, heart 
failure or stroke) were distributed to the high-risk group. 
Diabetes was defined as having a fasting glucose level 
of 7.0 mmol/L after a 12-hour fast, use of oral hypogly-
caemic agents or insulin or self-reported diagnosis of 
diabetes.

Statistical analysis
Continuous variables with normal and skewed distri-
butions are expressed as the means (SD) and medians 
(IQR), respectively. Categorical variables are reported as 
percentages, and the differences were compared using 
χ2 test with or without Bonferroni correction. First, the 
prevalence of MetS was calculated based on the three 
definitions of MetS, and the differences were compared. 
Second, the distribution of the 10-year estimated risk of 
developing CHD according to each of the three defini-
tions of MetS was compared to determine which definition 
is the best predictor of CHD development. A two-sided 
p value less than 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using SPSS 
software (V.20.0; SPSS, Chicago, Illinois, USA).

Results
Prevalence of MetS
In total, 1721 participants aged 20 to 80 years were 
included in this study. The general characteristics 
of the participants are presented in table  2. The 
prevalence of MetS based on the definitions by 
the revised NCEP-ATP III, IDF and CDS criteria is 
presented in table  3. The age-adjusted and sex-ad-
justed prevalence of MetS among participants aged 
20 to 80 years according to the revised ATP III, IDF 
and CDS criteria was 30.96%, 19.93% and 10.88%, 
respectively. The age-standardised prevalence of 
MetS among men aged 20 to 80 years according to 
the revised NCEP-ATP III, IDF and CDS criteria was 
30.21%, 10.85% and 13.12%, respectively, and that 
for women aged 20 to 80 years was 31.74%, 29.24% 
and 8.58%, respectively. The difference in the prev-
alence of MetS based on the three definitions was 
large in both sexes. In particular, the prevalence of 
MetS based on the revised ATP III criteria in the 
women was 3.7-fold greater than that based on the 
CDS criteria.

The age-adjusted and sex-adjusted prevalence of 
MetS increased with age in those younger than 30 
years to those older than 60 years from 17.78% to 
36.1%, 9.26% to 35.93% and 0.44% to 23.17% based 
on the revised ATP III, IDF and CDS criteria, respec-
tively. The age-specific prevalence in the women was 
found to be higher than that in the men according 
to the IDF criteria (women: 29.24% (95% CI 26.4% 
to 32.1%); men: 10.85% (95% CI 8.6% to 13.2%)), 
but the results were opposite using the CDS criteria 
(women: 8.58% (95% CI 7.1% to 10.6%); men: 
13.12% (95% CI: 10.6% to 15.6%)). An analysis strat-
ified by age according to the revised ATP III criteria 
showed that the prevalence of MetS in men aged <40 
years was higher than that in women in the same age 
group, while the reverse was true for those aged ≥50 
years (table 3, figure 1).

Table 1  Definitions of metabolic syndrome (MetS)

MetS components
Revised NCEP-ATP III criteria
(three or more)

IDF criteria
(central obesity and two or more)

CDS criteria
(BMI and two or more)

WC (BMI) WC ≥90/80 cm (M/W) WC ≥90/80 cm (M/W) BMI ≥25 kg/m2

SBP/DBP ≥130/85 mm Hg or MP ≥130/85 mm Hg or MP ≥140/90 mm Hg or MP

FBG (mmol/L) ≥5.6 mmol/L or MT ≥5.6 mmol/L or MT ≥6.1 mmol/L or MT

TG (mmol/L) ≥1.70 mmol/L ≥1.70 mmol/L

HDL-C (mmol/L) <1.0/1.3 mmol/L (M/W) <1.0/1.3 mmol/L (M/W)

TG (mmol/L) and
HDL-C (mmol/L)

TG ≥1.70 mmol/L or (and)
HDL-C <0.9/1.0 mmol/L (M/W)

BMI, body mass index; CDS, Chinese Diabetes Society; DBP, diastolic blood pressure; FBG, fasting blood glucose; HDL-C, high-density 
lipoprotein cholesterol; IDF, International Diabetes Federation; LDL-C, low-density lipoprotein cholesterol; M, men; MP, medication for blood 
pressure; MT, medication for blood glucose; NCEP-ATP, National Cholesterol Education Program’s Adult Treatment Panel; SBP, systolic blood 
pressure; TG, triglycerides; W, women; WC, waist circumference. 
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Ten-year probability of developing CHD according to the MetS 
status
The Framingham risk algorithm was used to estimate the 
10-year probability of developing CHD. The distributions 
of the 10-year estimated risk of developing CHD based 
on the three different definitions of MetS were compared 
(table  4). Among those with MetS, based on the CDS 
criteria, 39.4% had a 10-year CHD risk of 6% (low), 6.7% 
had a 10-year CHD risk of 6%–10% (moderate), 7.2% 
had a 10-year CHD risk of 10%–20% (moderately high) 
and 7.2% had a 10-year CHD risk of 20% (high). The 
remaining 39.4% of participants with MetS had diabetes 
and/or CVD. In contrast, among those without MetS, a 
considerably higher proportion had a low risk (85.0%), 
and lower proportions had a moderate (3.3%), moderately 
high (5.5%), or high risk (1.6%) or had diabetes and/or 
CVD (4.7%) (χ2=157.65, p<0.001). Similar heterogeneity 
in those with MetS and those without MetS was found 
based on the revised NCEP-ATP III criteria (χ2=45.17, 
p<0.001) and the IDF criteria (χ2=306.15, p<0.001). Of 
those with MetS, based on the revised NCEP-ATP III 
criteria and the IDF criteria, 67.5% and 74.2% had a low 
risk, 3.5% and 3.0% had a moderate risk, 5.2% and 3.3% 
had a moderately high risk and 23.8% and 19.5% had a 
high risk or had diabetes and/or CVD, respectively. There 
were no significant differences in the CHD risk distribu-
tions of those with MetS based on the revised NCEP-ATP 
III criteria and the IDF criteria (χ2=5.36, p=0.252), while 
a significant difference was observed based on the CDS 

criteria (with the revised NCEP-ATP III criteria: χ2=45.71, 
with IDF: χ2=62.69, all p<0.001, figure 2).

We further compared the distribution of the 10-year 
estimated risk of developing CHD based on the three 
different MetS definitions in the men and women 
(figure 3). There were no significant differences in the 
distribution of the 10-year estimated risk of developing 
CHD in men with MetS among the three definitions, 
except for between the revised NCEP-ATP III criteria 
and the CDS criteria (χ2=17.41, p=0.002). As shown in 
figure 3, a significant difference was found in the 10-year 
risk in women with MetS based on the CDS definition and 
the remaining definitions (with revised NCEP-ATP III 
criteria: χ2=25.33, with IDF: χ2=37.09, all p<0.001), while 
no significant difference was found based on the revised 
NCEP-ATP III criteria and the IDF criteria (χ2=37.09, 
p=0.245). Compared with the women, a higher CHD risk 
was found in the men using all three definitions (revised 
NCEP-ATP III: χ2=72.83; IDF: χ2=63.60; CDS: χ2=23.84; all 
p<0.001, figure 3).

Discussion
This study shows that the prevalence of MetS and the 
distribution of the 10-year estimated risk of developing 
CHD vary depending on how MetS is defined. In this study, 
the difference among the revised NCEP-ATP III, IDF and 
CDS criteria was evaluated. The 10-year risk of devel-
oping CHD was significantly higher in the participants 

Table 2  Characteristics of the participants

Total (n=1721) Men (n=716, 41.6%) Women (n=1005, 58.4%)

Age (years) 44.41±12.43 45.23±12.47 43.83±12.38

Body mass index (kg/m2) 23.68±3.31 24.64±3.16 23.00±3.24

Waist circumference (cm) 82.08±9.84 86.91±9.03 78.63±8.90

Fasting blood glucose (mmol/L) 5.29±1.22 5.43±1.50 5.19±0.96

Triglycerides (mmol/L) 1.47±1.21 1.80±1.41 1.23±0.98

Total cholesterol (mmol/L) 4.28±0.96 4.31±0.96 4.26±0.96

HDL-C (mmol/L) 1.31±0.35 1.15±0.31 1.42±0.34

LDL-C (mmol/L) 2.59±0.80 2.70±0.82 2.50±0.78

SBP (mm Hg) 118.46±16.19 122.69±14.77 115.45±16.49

DBP (mm Hg) 75.99±10.31 79.58±9.72 73.42±9.93

Hypertension (%) 13.9 16.9 11.8

Diabetes (%) 5.3 6.8 4.2

Dyslipidaemia (%) 10.2 14.5 7.2

Current smoker (%) 5.7 13.0 5.1

Central obesity (%) 24.2 13.3 31.9

10-year probability of developing CHD (%) 1 (1, 2) 2 (0, 8) 1 (1, 1)

Data are expressed as the means±SD, medians (P25, P75) or percentages.
Central obesity is defined as ≥80 cm for men and ≥90 cm for women; hypertension, diabetes and dyslipidaemia were diagnosed before the 
study.
DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood 
pressure. 
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with MetS than that in the participants without MetS, and 
all three definitions demonstrated better performance 
in reflecting the risk of developing CHD in men than in 
women. Compared with the other criteria, the partici-
pants with MetS based on the CDS criteria had a higher 
10-year CHD risk; however, the CDS criteria also led to 
the lowest prevalence of MetS.

The previous study have examined the ability of different 
MetS definitions in predicting CVDs.13–17 However, to the 
best of our knowledge, the findings were inconsistent. 
Similarly, this study was not the first to estimate the 10-year 
probability in individuals with MetS based on the Fram-
ingham risk algorithm.12 18 Suzuki et al18 used the Fram-
ingham risk score rather than the 10-year probability of 
developing CHD to compare the differences among four 
different MetS definitions. Their results showed that the 
risk score in men with MetS was significantly higher by Ta

b
le

 3
 

P
re

va
le

nc
e 

of
 m

et
ab

ol
ic

 s
yn

d
ro

m
e 

am
on

g 
th

e 
st

ud
y 

p
op

ul
at

io
n

A
g

e 
g

ro
up

s
(y

ea
rs

)

R
ev

is
ed

 A
T

P
 II

I c
ri

te
ri

a
ID

F 
cr

it
er

ia
C

D
S

 c
ri

te
ri

a

M
en

(n
=

71
6)

W
o

m
en

(n
=

10
05

)
To

ta
l

(n
=

17
21

)
M

en
(n

=
71

6)
W

o
m

en
(n

=
10

05
)

To
ta

l
(n

=
17

21
)

M
en

(n
=

71
6)

W
o

m
en

(n
=

10
05

)
To

ta
l

(n
=

17
21

)

20
~

20
.9

0
14

.5
0

17
.7

8*
7.

50
11

.1
0

9.
26

*
0.

00
0.

90
0.

44
*

30
~

29
.9

0
22

.1
0

26
.0

4*
11

.9
0

20
.1

0
15

.9
6*

10
.0

0
1.

70
5.

89
*

40
~

36
.7

0
30

.7
0

33
.7

4*
8.

20
27

.3
0

17
.6

1*
13

.3
0

5.
20

9.
31

*

50
~

29
.3

0
40

.2
0

34
.6

4*
8.

30
38

.6
0

23
.1

3*
18

.8
0

16
.3

0
17

.5
8*

60
~

36
.1

0
54

.3
0

45
.3

0*
19

.3
0

52
.2

0
35

.9
3*

26
.1

0
20

.3
0

23
.1

7*

O
ve

ra
ll

35
.5

 (3
2.

0–
39

.0
)

28
.3

 (2
5.

5–
31

.0
)

31
.6

* 
(2

9.
4–

33
.8

)
25

.2
 (2

2.
0–

28
.3

)
25

.4
 (2

2.
7–

28
.1

)
25

.3
* 

(2
3.

2–
27

.3
)

27
.9

 (2
4.

6–
31

.2
)

10
.9

 (9
.0

–1
2.

9)
18

.7
* 

(1
6.

9–
20

.6
)

O
ve

ra
ll 

(s
ta

nd
ar

d
is

ed
)

30
.2

1†
 (2

6.
8–

33
.5

)
31

.7
4†

 (2
8.

9–
34

.6
)

30
.9

6‡
 (2

8.
8–

33
.2

)
10

.8
5†

 (8
.6

–1
3.

2)
29

.2
4†

 (2
6.

4–
32

.1
)

19
.9

3‡
 (1

8.
0–

21
.8

)
13

.1
2†

 (1
0.

6–
15

.6
)

8.
58

† 
(7

.1
–1

0.
6)

10
.8

8‡
 (9

.4
–1

2.
3)

A
d

ju
st

m
en

t 
w

as
 c

on
d

uc
te

d
 u

si
ng

 s
am

p
le

 s
ur

ve
y 

d
at

a 
fr

om
 1

%
 o

f t
he

 p
op

ul
at

io
n 

in
 2

01
5 

b
y 

d
ire

ct
 m

et
ho

d
s.

*S
ex

-a
d

ju
st

ed
 p

er
ce

nt
ag

es
 fo

r 
ea

ch
 a

ge
 g

ro
up

.
†A

ge
-a

d
ju

st
ed

 p
er

ce
nt

ag
es

 fo
r 

m
en

 a
nd

 w
om

en
.

‡A
ge

-a
d

ju
st

ed
 a

nd
 s

ex
-a

d
ju

st
ed

 p
er

ce
nt

ag
es

.
AT

P,
 A

d
ul

t 
Tr

ea
tm

en
t 

P
an

el
.

Figure 1  Prevalence of metabolic syndrome (MetS) among 
adults aged 20 to 80 years in this study area. ATP, Adult 
Treatment Panel; CDS, Chinese Diabetes Society; IDF, 
International Diabetes Federation. 
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threefold than that in women with MetS based on all four 
diagnostic criteria. However, the results failed to accu-
rately compare the difference between men and women 
because women are required to have a higher score in 
each risk category. Therefore, in the present study, we 
compared the distribution of the 10-year estimated risk 
of developing CHD between men and women. Our study 
revealed that all three evaluated definitions of MetS had 
better performance in reflecting the 10-year CHD risk 
in men than in women. Furthermore, similar to studies 

conducted in other populations,19 20 there were signifi-
cant differences in the prevalence of MetS between the 
men and women. A greater number of women met the 
diagnostic criteria of MetS using the IDF criteria, while 
the CDS criteria led to a greater number of men having 
MetS. There was no significant difference in the preva-
lence of MetS between the women and men based on 
the revised NCEP-ATP III criteria. The finding that the 
10-year probability of developing CHD in men differed 
based on the definition of MetS is consistent with the 
findings of previous studies. Mak et al21 suggested that 
the adverse impact of MetS was greater among men 
than women, which is consistent with another study.15 
Therefore, the impacts of various risk factors on CVDs 
and their outcomes appear to differ according to sex in 
patients with MetS.22 Notably, different forms of obesity 
have different impacts on CVD risk. In particular, android 
obesity, which is more common in men and postmeno-
pausal women,23 is associated with future cardiovascular 
events.24 This sex difference may also be due to other 
characteristics of the subjects, such as age and smoking 
status. In contrast, some studies5 13 25 have suggested that 
all definitions of MetS (NCEP-ATP III, IDF, AHA/NHLBL 
and JIS) are more predictive of the CHD risk in women 
than in men.

Among the definitions of MetS evaluated in the current 
study, the IDF criteria identified fewer participants 
(19.93%) as having MetS than the revised NCEP-ATP 
III criteria (30.96%), but this lower prevalence did not 
translate into better performance. There was no signifi-
cant difference in the distribution of the 10-year risk of 
developing CHD between the revised NCEP-ATP III and 
the IDF criteria. This finding is consistent with the results 
of previous studies in which similar risks of CVDs were 
reported with different levels of sensitivity depending 
on the definition of MetS.13 26 27 The lower prevalence 
based on the IDF criteria may be due to the requirement 

Table 4  Distribution of the 10-year estimated risk of 
developing CHD based on the three definitions of MetS

Revised 
ATP III 
criteria

IDF 
criteria

CDS 
criteria

MetS (+)

 � Low (<6%) 67.5 74.2 39.4

 � Moderate (6%–10%) 3.5 3 6.7

 � Moderate high (10%–20%) 5.2 3.3 7.2

 � High (>20%) 3.7 3.5 7.2

 � DM/CVD 20.1 16 39.4

MetS (−)

 � Low (<6%) 86.1 81.9 85

 � Moderate (6%–10%) 3.7 3.8 3.3

 � Moderate high (10%–20%) 5.9 6.3 5.5

 � High (>20%) 1.4 1.8 1.6

 � DM/CVD 2.9 6.2 4.7

P values <0.001 <0.001 <0.001

P value, based on a comparison of the distributions of risk groups 
between those with and those without metabolic syndrome.
ATP, Adult Treatment Panel; CDS, Chinese Diabetes Society; CVD, 
cardiovascular disease; DM, diabetes mellitus; IDF, International 
Diabetes Federation; MetS, metabolic syndrome.

Figure 2  The distribution of the 10-year estimated risk for coronary heart disease (CHD) in individuals with metabolic 
syndrome (MetS) based on the three different definitions of MetS. The risk categories are as follows: low (<6%), moderate (6% 
to 10%), moderately high (10% to 20%) and high (>20% or history of diabetes or cardiovascular disease). ATP, Adult Treatment 
Panel; CDS, Chinese Diabetes Society; IDF, International Diabetes Federation.
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of central obesity for the diagnosis of MetS, even though 
these criteria share the same components and same cut-off 
values. Compared with the revised ATP III criteria, this 
demand decreases the number of individuals satisfying 
the criteria for MetS under the IDF criteria. In addition, 
if the threshold value of abdominal obesity differs among 
different MetS definitions, the discrepancy in prevalence 
may be reversed. For instance, Scuteri et al19 reported 
that the prevalence of MetS based on the IDF criteria was 
higher than that based on the ATP criteria, which may 
result from the lower waist circumstance threshold values 
applied to the European population by the IDF. Notably, 
a recent cohort study conducted by Keihani28 showed 
that abdominal obesity and the presence of metabolic 
derangements are both relevant risk factors for future 
CVD. Similar results were found in another study by Zhao 
et al,29 who compared the long-term risk of CVDs between 

patients with MetS with or without central obesity. These 
authors found that most patients with MetS (78%) had 
central obesity, and no significant difference was observed 
in the 10-year absolute and relative risk of CHD and isch-
aemic CVD events between the two MetS groups. This 
finding highlights the fact that focusing on abdominal 
obesity while ignoring the other components of MetS may 
not be ideal. Another study16 using an receiver operating 
characteristic curve and Cox regression analyses showed 
that the ATP III criteria better predicted CVD than the 
IDF criteria.

Compared with the other criteria, the CDS criteria led 
to the lowest prevalence of MetS and the highest 10-year 
probability of developing CHD in the current study. 
Our findings are partially consistent with the results of 
previous studies in which CDS had the highest specificity 
in identifying MetS in a Chinese population based on a 

Figure 3  The distribution of the 10-year estimated risk for coronary heart disease (CHD) by sex in individuals with metabolic 
syndrome (MetS) based on the three different definitions of MetS. The risk categories are as follows: low (<6%), moderate (6% 
to 10%), moderately high (10% to 20%) and high (>20% or history of diabetes or cardiovascular disease (CVD)). CDS, Chinese 
Diabetes Society; DM, diabetes mellitus; IDF, International Diabetes Federation; NCEP ATP, National Cholesterol Education 
Program’s Adult Treatment Panel.
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6.3-year cohort study.16 However, despite the high speci-
ficity, the study also found that the CDS criteria had the 
lowest sensitivity among the three definitions, and more 
than 50% of patients may be misdiagnosed. More subjects 
were diagnosed with obesity (BMI ≥25 kg/m2) than 
central obesity (32.31% vs 24.17%). Therefore, the lowest 
prevalence and the highest risk of developing CHD are 
mainly caused by the thresholds of high blood pressure 
and elevated blood glucose in the CDS criteria, which 
are higher than those in the other criteria. However, 
discussing the superiority of the MetS definition that 
adopts BMI or WC as an index of adiposity is necessary. 
Some studies posit that WC is a more advantageous index 
of adiposity. According to Scuteri et al,30 WC is a signif-
icant predictor of new-onset MetS. In addition, Scuteri  
et al31 indicated that WC correlated with arterial properties 
better than BMI and that as the WC increased, the arterial 
structure and function significantly changed within each 
BMI quartile, even though the cluster of MetS including 
abdominal adiposity has been consistently associated with 
arterial damage.32 33

The strength of our study should be mentioned. The 
complex, multistage probability sample design is fairly 
representative of the Chinese population in Shenzhen. 
In addition, the percentage of missing data is generally 
low. However, there are several limitations to our study. 
First, although the original Framingham CHD risk assess-
ment has been validated in previous studies,34 the algo-
rithm does not include obesity and cardiorespiratory 
fitness,35–37 which could have potentially influenced the 
risk estimation. Furthermore, a previous report found 
that the Framingham algorithm overestimates the risk 
of CHD in the Chinese population.38 Second, our anal-
ysis was based on cross-sectional data; therefore, we were 
unable to calculate positive and negative predictive values 
for CHD or determine which MetS definition is the most 
predictive of the development of CHD. Thus, the results 
should be interpreted with caution. Further studies 
conducted in China, especially longitudinal studies, are 
needed to determine which MetS definition is best suited 
for predicting CHD.

This study contributes to the body of evidence showing 
that differences exist in the prevalence and distribution of 
the 10-year estimated risk of developing CHD depending 
on the definition of MetS. Among the definitions evalu-
ated (the revised NCEP-ATP III, IDF and CDS criteria), 
the CDS criteria led to the highest 10-year probability of 
developing CHD and the lowest prevalence of MetS. A 
significant finding of this study was that all three defini-
tions of MetS had better performance in men compared 
with women.
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