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Abstract

Background: Metabolic syndrome (MetS) is characterized by a cluster of signs of metabolic disturbance and has
caused a huge burden on the health system. The study aims to explore the prevalence and characteristics of MetS
defined by different criteria in the Chinese population.

Methods: Using the data of the China Hypertension Survey (CHS), a nationally representative cross-sectional study
from October 2012 to December 2015, a total of 28,717 participants aged 35 years and above were included in the
analysis. The MetS definitions of the International Diabetes Federation (IDF), the updated US National Cholesterol
Education Program Adult Treatment Panel lll (the revised ATP Ill), and the Joint Committee for Developing Chinese
Guidelines (JCDCG) on Prevention and Treatment of Dyslipidemia in Adults were used. Multivariable logistic regres-
sion was used to identify factors associated with MetS.

Results: The prevalence of MetS diagnosed according to the definitions of IDF, the revised ATP Ill, and JCCDS was
26.4%, 32.3%, and 21.5%, respectively. The MetS prevalence in men was lower than in women by IDF definition (22.2%
vs. 30.3%) and by the revised ATP Il definition (29.2% vs. 35.4%), but the opposite was true by JCDCG (24.4%vs 18.5%)
definition. The consistency between the three definitions for men and the revised ATP IIl definition and IDF definition
for women was relatively good, with kappa values ranging from 0.77 to 0.89, but the consistency between the JCDCG
definition and IDF definition (kappa =0.58) and revised ATP Il definition (kappa = 0.58) was poor. Multivariable logistic
regression showed that although the impact and correlation intensity varied with gender and definition, area, age,
education, smoking, alcohol use, and family history of cardiovascular disease were factors related to MetS.

Conclusions: The prevalence and characteristics of the MetS vary with the definition used in the Chinese popula-
tion. The three MetS definitions are more consistent in men but relatively poor in women. On the other hand, even if
estimated according to the definition of the lowest prevalence, MetS is common in China.
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Background

MetS is a syndrome clustering, including fat metabolism
disorder, obesity, diabetes, insulin resistance, and other
risk factors, increasing cardiovascular diseases (CVDs)
[1]. Convincing evidence shows that metabolic syndrome
(MetS) has been a growing public health problem world-
wide. The prevalence of MetS is high and is expected
to continue rising in developed and developing coun-
tries [2—4]. Exploring the characteristics and prevalence
of metabolic syndrome may provide important public
health implications for preventing and managing CVDs.

In the past few decades, several international organi-
zations had provided the definitions of MetS. The World
Health Organization (WHO) 1998 first attempted to put
forward a diagnostic criterion of metabolic syndrome [5]
the US National Cholesterol Education Program Adult
Treatment Panel III (NCEP-ATP III) proposed diagnos-
tic criteria of 5 components in 2001 to facilitate clini-
cal diagnosis of high-risk individuals [6], the American
Heart Association/National Heart, Lung, and Blood
Institute updated the ATP III definition in 2005 (the
revised ATP III) [7], and International Diabetes Federa-
tion (IDF) recommended a new definition in 2006 [8].
In China, the Joint Committee for Developing Chinese
Guidelines (JCDCGQG) on Prevention and Treatment of
Dyslipidemia in Adults suggested a Chinese definition
for MetS in 2016 [9].

Depending on the definition used, estimates of the
prevalence of MetS vary worldwide [10-12], and there
is a clear difference. In recent studies, the MetS was
prevalent in 24.6% of men and 23.8% of women in China
according to ATP III criteria [13], 21.8% of men and
45.6% of women in Iran in 2021 according to IDF defini-
tion [14], 32.8% of men and 36.6% women according to
ATP III criteria in 2011-2012 in the United States [15].
Using various criteria, the prevalence in China ranged
from 9.82% to 48.8% [13, 16, 17], which led to confusion
and a lack of comparability among studies. Therefore, it is
necessary to report and compare the prevalence of MetS
by different criteria, which may be helpful for researchers
to understand MetS better and formulate a more scien-
tific definition.

Although many epidemiological studies on MetS were
conducted on the Chinese population in recent years,
there is little national information on the prevalence of
different MetS definitions. In the WHO definition, insu-
lin resistance is regarded as a prerequisite, which limits
its use [5]. Therefore, in this study, we will use the data
of the China Hypertension Survey (CHS) to explore the

prevalence and characteristics of MetS according to IDF,
the revised ATP III, and JCDCG criteria.

Methods
Design and study population
The CHS was a cross-sectional study conducted between
October 2012 and December 2015, and the study design
was published previously [18, 19]. Briefly, A nationally
representative sample of the general Chinese population
across all 31 provinces in mainland China was obtained
using a stratified multistage random sampling method.
In this sub-study, 262 sampled urban cities and rural
counties in the CHS were stratified into eastern, central,
and western regions according to geographical location
and economic level, and 16 cities and 17 counties were
selected with a simple random sampling method, includ-
ing 7 cities and 7 counties from the eastern regions, 6 cit-
ies and 6 counties from the central regions, and 3 cities
and 4 counties from the western regions. Then, at least
three communities or villages were randomly selected
from each city or county. To meet the designed sample
size of 35,000 participants aged > 35 years and take non-
responses into account, 56,000 subjects were randomly
selected from the eligible sites. Finally, 34,994 partici-
pants completed the survey, with an overall response
rate of 62.5%. After excluding the pregnant or lactating
(n=163) women and the subjects with incomplete demo-
graphic data (#=925) and laboratory tests(n=5189),
28,717 subjects aged > 35 years were included in the final
analysis. The comparison of the characteristics of the
subjects participating in the study and those not partici-
pating in the analysis can be found in Appendix Table 1.
Written informed consent was obtained from each par-
ticipant. The Ethics Committee of Fuwai Hospital (Bei-
jing, China) approved this study.

Data collection

All study investigators and staff members were trained
according to the study protocol. A standardized ques-
tionnaire developed by the coordinating center, Fuwai
Hospital, was administered to obtain information on
demographic characteristics factors, such as age, area,
education level, smoking status and alcohol use, and
family history of cardiovascular disease (CVD). Smok-
ing status was defined as participants who had smoked at
least 20 packs of cigarettes in their lifetime and currently
smoked cigarettes. Alcohol use was defined as consum-
ing at least one alcoholic beverage per week in the past
month. Family history of cardiovascular disease (CVD)
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referred to that at least one of the parents and siblings
had a history of hypertension, dyslipidemia, diabetes,
coronary heart disease, or stroke.

Anthropometry data (weight, height, and waist cir-
cumference) and blood pressure were measured at the
local medical centers. Fasting blood samples were col-
lected in the morning after 10-12 h fasting and were
processed properly and refrigerated immediately. Serum
glucose, triglycerides (TG) and high-density lipoprotein
cholesterol (HDL-C) were determined by automatic bio-
chemical analyzer (Beckman Coulter AU 680). The serum
glucose was measured by the hexokinase method, serum
TG by GPO-POD method, and HDL-C by automated
homogeneous direct measurement method. All sam-
ples were analyzed in the central laboratory. Body mass
index (BMI) was classified according to the recommen-
dations of Working Group of Obesity in China, < 18.5 kg/
m? (underweight), 18.5-23.9 kg/m> (normal range),
24-27.9 kg/m? (overweight), > 28 kg/m? (obesity) [20].

Diagnosing standard

According to the IDF definition, MetS was defined
as central obesity (WC=>90 cm for Chinese men
and > 80 cm for Chinese women) along with two or more
of the following abnormalities: (1) Elevated triglycer-
ide (TG)>1.7 mmol/L or receipt of specific treatment
for this lipid abnormality; (2) High-density lipopro-
teins cholesterol (HDL-C) level of 1.03 mmol/L in men
and 1.29 mmol/L in women or receipt of specific treat-
ment for this lipid abnormality; (3) Systolic blood pres-
sure > 130 mmHg or diastolic blood pressure > 85 mmHg
or receipt of treatment of previously diagnosed hyper-
tension; (4) Fasting plasma glucose (FPG) level of
5.6 mmol/L or previously diagnosed type 2 diabetes [8].

According to the revised ATP III definition, MetS
was defined as if there were more than three or more
of the following abnormalities: (1) Central obesity (WC
> 90 cm for men and > 80 cm for women); (2) Elevated
triglyceride level >1.7 mmol/L or on drug treatment
for elevated triglycerides; (3) Reduced HDL-C <40 mg/
dL (1.03 mmol/L) in men;<50 mg/dL (1.3 mmol/L) in
women or receipt of drug treatment for reduced HDL-
C; (4) Systolic blood pressure>130 mmHg or diastolic
blood pressure>85 mmHg or receipt of treatment of
previously diagnosed hypertension; (5) Elevated plasma
glucose (FPG)>5.6 mmol/dL or receipt of drug treat-
ment for elevated glucose [7].

According to the JCDCG definition, MetS was
defined as if there were three or more of the follow-
ing abnormalities: (1) Central obesity (WC >90 c¢cm for
men and >85 cm for women); (2) Elevated triglycer-
ide level >1.7 mmol/L) or receipt of specific treatment
for this lipid abnormality; (3) Reduced HDL-C level
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(<1.0 mmol/l) or specific treatment for this lipid abnor-
mality; (4) Systolic blood pressure >130 mmHg or dias-
tolic blood pressure > 85 mmHg or current treatment for
hypertension or previously diagnosed hypertension; (5)
Elevated fasting plasma glucose level (FPG>6.1 mmol/L
or 2 h postprandial PG > 7.8 mmol/L) or previously diag-
nosed diabetes mellitus [9].

Statistical analysis

The study population was sampled with the multilevel,
stratified sampling design based on sex, area, and prov-
ince [19]. Survey weights were computed based on the
study design and 2010 Chinese census data and included
oversampling for specific age subgroups, nonresponse,
and other demographics between the sample and the
total population. Differential probabilities of selection
were adjusted, and the complex sampling design was
used to enhance the representativeness of the survey
sample population.

All data analyses were conducted using R version
4.1.1(http://www.r-project.org). The normality of the
data was assessed by the Kolmogorov—Smirnov test.
Means for continuous variables and percentages and pro-
portions for categorical variables were used for summa-
rizing. The Student t-test and Rao-Scott x2 test were used
to assess the differences across groups for continuous
and categorical variables. Venn diagrams and kappa value
( poor, kappa <0.20; fair, kappa=0.21-0.40; moderate,
kappa=0.41-0.60; substantial, kappa=0.61-0.80; very
good, kappa>0.80) were used to assess disparity and
agreement of three definitions. Univariate analysis was
conducted to identify variables potentially associated
with any defined MetS, and variables with P<0.10 were
included in the multivariable logistic regression. The 95%
confidence intervals (CIs) were calculated for Odds ratios
(OR). All tests were two-tailed, and a value of P<0.05 was
considered statistically significant.

Result

Characteristics of the study population

A total of 13,035(45.4%) men and 15,682(54.6%) women
aged > 35 years old were included in this survey. The
characteristics of the participants are shown in Table 1.
Overall, the mean age was 52.0 years (51.5 years for men
and 52.4 years for women), and the range of age was 35
to 107 years. Most (65.8%) people lived in rural areas,
and 40.6% were located in eastern China, 81.4% were
educated in middle school or below, and 12.8% of par-
ticipants had a CVD family history. In men, 48.3% were
current smokers, and 37.9% had alcohol use, whereas
the corresponding proportions were only 2.6% and 2.7%
in women. Compared to women, men had a higher level
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Table1 Characteristics of the study population
Total Men Women P
(N=28,717) (N=13,035) (N=15,682)
Age (years) 52.0(51.2-52.7) 51.5(50.8-52.3) 524(51.7-53.1) 0.001
Region (n %) 0.889
East 40.6(28.6-52.7) 40.3(27.4-53.1) 41.0(29.6-52.5)
Central 32.0(16.5-47.6) 32.3(16.0-48.6) 31.8(16.9-46.7)
West 27.3(17.3-37.3) 27.4(17.6-37.3) 27.2(16.9-37.5)
Area (n %) 0.792
Rural 65.8(46.3-85.3) 65.6(45.2-86.0) 66.0(47.3-84.8)
Urban 34.2(14.7-53.7) 34.4(14.0-54.8) 34.0(15.2-52.7)
Education level (n %) <0.001
Middle school or below 81.4(75.3-86.2) 77.7(71.2-83.0) 85.1(79.3-89.6)
High school or vocational school 14.0(10.6-18.3) 16.8(13.2-21.2) 11.2(7.9-15.5)
College and above 46(3.0-7.1) 5.5(3.6-8.4) 3.7(2.3-5.9)
Smoking status (n %) <0.001
No 74.3(72.3-76.4) 51.7(47.7-55.7) 97.4(95.7-98.4)
Yes 25.7(23.6-27.7) 48.3(44.3-52.3) 2.6(1.6-4.3)
Alcohol use (n %) <0.001
No 79.5(76.0-82.6) 62.1(56.0-68.3) 97.3(96.0-98.1)
Yes 20.5(17.4-24.0) 37.9(31.7-44.0) 2.7(1.9-4.0)
WC (cm) 83.65(82.04-85.26) 85.71(84.21-87.21) 81.55(79.79-83.31) <0.001
TG (mmol/L) 1.48(1.41-1.55) 1.56(1.49-1.64) 1.40(1.32-1.47) <0.001
HDL (mmol/L) 1.31(1.26-1.37) 1.27(1.21-1.32) 1.36(1.31-142) <0.001
FPG (mmol/L) 5.52(5.36-5.68) 5.58(5.43-5.73) 545(5.28-5.63) 0.008
SBP (mmHg) 131.03(129.85-132.20) 131.70(130.64-132.75) 130.35(128.83-131.86) 0.025
DBP (mmHg) 78.08(77.36-78.80) 80.16(79.28-81.04) 75.96(75.11-76.80) <0.001
BMI (kg/m2) 24.57(24.06-25.09) 24.57(24.11-25.04) 24.58(23.99-25.16) 0.971
Family history of CVD (n %) <0.001

No
Yes

87.2(82.6-90.8)
12.8(9.2-17.4)

88.4(83.7-91.9)
11.6(8.1-16.3)

86.0(81.4-89.6)
14.0(10.4-18.6)

Data are shown as values(95%Cl)

WC Waist circumference, TG Triglycerides, HDL High-density lipoprotein cholesterol, LDL Low-density lipoprotein cholesterol, SBP Systolic blood pressure, DBP Diastolic
blood pressure, FPG Fasting plasma glucose, BMI Body mass index, CVD Coronary cardiovascular disease

of WC, TG, blood pressure, fasting plasma glucose, and
lower levels of HDL-C.

Prevalence and presence of MetS in different definitions

Table 2 shows the prevalence of MetS with IDF, the
revised ATP III, and JCDCG criteria. The prevalence
of MetS in the overall population was 26.4% (22.2% in
men and 30.3% in women) by IDF criteria, 32.3% (29.2%
in men and 35.4% in women) by revised ATP III defi-
nition, 21.5% (24.4% in men and 18.5% in women) by
JCDCG criteria. Despite some subtle differences, the
relationship between various factors and MetS accord-
ing to the three definitions were very similar. Regardless
of the definition used, living in urban areas, having a
family history of CVD, or having a higher BMI was sig-
nificantly associated with a higher prevalence of MetS in

the overall population and in both men and women. The
prevalence of MetS reached its highest in the age group
of 55—64 years in the total population and 45-54 years in
men, and the prevalence decreased with age regardless
of the definition used. In women over 55 years of age,
the MetS prevalence maintained a high level. Regard-
less of the definition used, higher education levels were
associated with a higher prevalence of MetS in men. In
contrast, higher education levels were associated with a
lower prevalence of MetS in women. The difference was
statistically significant in the overall population only
when the JCDCG definition was used and significant in
women when IDF and the revised ATP III definitions
were used. For smoking, there was a significant asso-
ciation between smoking and MetS in the overall pop-
ulation, but not in men and women. Regardless of the
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Table 2 The Prevalence of MetS defined by different definitions

IDF % Revised ATP 111% JCDCG %
Total Men Women Total Men Women Total Men Women

Total 264 222 30.3 323 29.2 354 215 244 185
Age group

35-44 19.5 216 17.3 244 282 204 16.4 238 8.2

45-54 27.7 243 313 334 314 355 220 26.3 17.5

55-64 327 23.0 423 394 304 484 266 255 27.8

65-74 314 19.5 428 379 269 484 249 21.2 285

>75 303 17.5 40.1 38.1 24.2 48.7 24.5 19.3 284

P <0.0001 0.0146 <0.0001 <0.0001 0.0362 <0.0001 <0.0001 0.0320 <0.0001
Region

East 316 28.0 352 364 34.0 389 24.9 284 213

Central 23.0 16.7 29.6 303 254 354 19.6 211 179

West 228 203 253 284 26.8 30.1 186 224 14.8

P 0.0024 <0.0001 0.0418 0.0058 <0.0001 0.0511 0.0021 0.0004 0.0273
Area

Rural 229 18.2 27.5 285 249 322 186 209 16.2

Urban 334 299 36.9 395 375 416 27.1 31.1 229

P <0.0001 <0.0001 0.0023 <0.0001 <0.0001 0.0065 0.0001 <0.0001  0.0089
Education level

Middle school or below 26.0 205 312 31.8 27.3 359 209 23.1 18.8

High school or vocational school ~ 28.8 273 312 349 349 349 24.1 28.1 18.1

College and above 26.7 319 189 33.1 389 24.2 24.3 322 121

P 0.1303 <0.0001 0.0103 0.0814 <0.0001  0.0095 0.0188 <0.0001 0.1023
Smoking status

No 27.7 22.1 30.7 335 30.0 354 20.8 251 184

Yes 228 224 30.7 2838 284 353 235 237 19.6

P 0.0011 0.8684 0.9979 0.0016 0.1890 0.9753 0.0240 0.1725 0.7554
Alcohol use

No 269 20.5 31.0 327 28.1 357 20.7 237 18.7

Yes 24.7 25.0 205 30.7 311 24.6 24.5 255 10.0

P 0.1184 <0.0001 <0.0001 0.1514 0.0063 <0.0001 0.0011 0.0723 <0.0001
BMI group

Underweight 0.6 0.5 0.6 23 17 30 13 12 14

Normal range 6.9 23 11.3 138 9.1 184 6.9 6.9 6.9

Overweight 338 27.8 40.8 40.5 369 44.6 26.7 30.3 225

Obesity 64.8 65.9 63.8 66.4 684 64.6 50.8 60.5 422

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Family history of CVD (n %)

No 24.6 20.7 285 30.3 27.7 33.1 20.0 23.0 16.8

Yes 394 337 44.2 458 41.2 49.6 318 353 289

P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

MetS Metabolic syndrome, IDF International Diabetes Federation; Revised ATP lll: the American Heart Association/National Heart, Lung, and Blood Institute updated
the ATP Ill; JCDCG The Joint Committee for Developing Chinese Guidelines, BMI Body mass index, CVD Cardiovascular disease

definition used, alcohol use was associated with a lower  with a higher prevalence of MetS in men. In contrast, in
prevalence of MetS in women, whereas when using the  the overall population, alcohol use was only significantly
IDF and the revised ATP III, alcohol use was associated  associated with MetS as defined by the JCDCG.
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Male

AHA/NHLBI
6.6%

Fig. 1 Venn diagrams showing the agreement and disparity in the diagnosis of the metabolic syndrome defined by IDF, the revised ATP Il and
JCDCG criteria among those 3879 men and 6288 women who qualified for the diagnosis of the metabolic syndrome by at least one of these
definitions. Abbreviations: IDF: International Diabetes Federation; the revised ATP Ill: the American Heart Association/National Heart, Lung, and
Blood Institute updated the ATP IIl; JCDCG: the Joint Committee for Developing Chinese Guidelines

Female

AHA/NHLBI
8.2%

46.6%

39.7%%

Table 3 The agreement between the various definitions of the

MetS
Revised ATP llI JCDCG
kappa 95%Cl kappa  95%CI
Men
IDF 0.81 0.75-0.87  0.77 0.73-0.80
Revised ATP Il 0.86 0.85-0.88
Women
IDF 0.89 0.86-092 0.58 0.56-0.60
Revised ATP Il 0.58 0.56-0.60

MetS Metabolic syndrome, C/ Confidence Interval, IDF International Diabetes
Federation, Revised ATP IIl: the American Heart Association/National Heart,
Lung, and Blood Institute updated the ATP IIl; JCDCG The Joint Committee for
Developing Chinese Guidelines

Agreement on the various definitions of the metabolic
syndrome

The consistency and differences between diagnoses
using IDF, the revised ATP III, and JCDCG criteria are
shown in Fig. 1 and Table 3. In individuals with MetS
diagnosed according to at least one definition, 64.4%
of men and 46.6% of women were diagnosable by all
definitions, and above 90% of people diagnosed with
MetS according to two or three definitions. The JCDCG
definition was the strictest, especially for women, only
52.1% of women were diagnosed with MetS. Table 3
shows the kappa values between any two definitions
for men and women. The test showed good consistency
between any two definitions in men and between the
revised ATP III and IDF in women, with kappa values

ranging from 0.77 to 0.89. JCDCG was moderately con-
sistent with IDF (kappa=0.58) and the revised ATP III
(kappa=0.58) in women.

Multivariable logistic regression analysis of factors related
to MetS

Table 4 shows the factors associated with MetS in men
and women according to different definitions. The results
showed that area, age, education, smoking, alcohol
use, and family history of cardiovascular disease were
related to MetS, but the effects and correlation intensity
of these factors varied with gender and definition. Liv-
ing in urban areas and having a family history of CVD
was significantly associated with the high prevalence of
MetS in both men and women under all MetS defini-
tions, although there were slight differences in OR val-
ues. Among men, 75 years and older were significantly
associated with a lower prevalence of MetS, and college
education and above were significantly associated with a
higher prevalence of MetS according to all three defini-
tions. However, among women, regardless of the defini-
tion used, all groups aged 45 and above were significantly
associated with a higher prevalence of MetS, and college
education and above and alcohol use were significantly
associated with a lower prevalence of MetS. Living in the
eastern region was significantly associated with a higher
prevalence of MetS in men but not in women. Smoking
was significantly associated with a lower prevalence of
MetS defined by the revised ATP III and JCDCG criteria
but not associated with MetS by IDF in men and accord-
ing to all three definitions in women. In men, alcohol use
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Table 4 Factors related to MetS defined by IDF, Revised ATP Ill, and JCDCG definitions
IDF AHA JcbCG
Men Women Men Women Men Women
Area Rural reference reference reference reference reference reference
Urban 162(132-1.98)F 153(1.13-206)" 1.59(1.39-1.81)F 151(1.16-1.97)" 1.53(1.35-1.74)* 1.50(1.14-1.97)"
Age 35-44 reference reference reference reference reference
45-54 1.06(0.92-1.21)  2.01(1.52-2.65)" 1.08(0.93-125) 2.01(1.63-247)% 1.07(0.90-1.26) 2.18(1.79-2.66)*
55-64 0.98(0.82-1.18)  3.19(2.34-435)% 103(0.87-122) 339(262-440)" 100(0.84-120) 3.92(3.26-4.71)
65-74 0.86(0.72-1.03)  3.38(2.53-4.52)" 0.91(0.81-1.03) 3.50(2.69-4.57)" 0.82(0.70-0.97)" 4.19(3.13-5.61)*
>75 0.75(0.59-0.96)" 3.04(2.25-4.10)* 0.79(0.66-093)" 3.59(2.78-463)* 0.72(0.58-0.89)" 4.23(2.97-6.03)*
Education level Middle school or reference reference reference reference reference reference
below
High school or voca-  1.17(1.07-1 27)" 091(0.80-1.05) 17(1.02-1.35)" 0.90(0.77-1.05)  1.07(0.95-121)  0.92(0.81-1.04)
tional school
College and above 41(1.13-1.77)" 057(041-078)" 1.35(1.13-1.61)" 065(049-0.87)" 1.27(1.05-1.52)" 0.72(0.54-0.95)"
Smoking status No reference reference reference reference reference reference
Yes 0.92(0.77-1.11)  0.76(057-1.01)  0.86(0.79-094)" 0.73(0.51-1.05) 0.87(0.80-0.95)" 0.80(0.53-1.21)
Alcohol use No reference reference reference reference reference reference
Yes 1.19(1.08-1.31)"  0.50(0.38-0.65)" 1.10(0.97-1.26) 0.51(0.43-0.62)F 1.04(0.90-1.20) 0.42(0.35-0.52)*
Region West reference reference reference reference reference reference
Central 0.81(0.56-1.19)  1.31(0.75-2.26) 0.97(0.76-1.23) 1.35(0.87-2.08) 0.96(0.77-1.21) 1.33(0.86-2.05)
East 135(1.02-1.8)"  145(086-243) 127(1.03-156)" 133(0.83-2.14) 1.26(1.05-1.50)" 1.39(0.89-2.18)
Family history of CVD No reference reference reference reference reference reference
Yes 1.65(148-1.84)" 1.55(141-1.69)F 160(1.45-1.77)% 158(1.40-1.78)" 1.62(1.45-1.81)% 1.56(1.37-1.77)F

"P<0.05,7P<0.01, ¥P<0.001; OR (95%Cl), calculated with multivariable logistic regression stratified by sex

MetS Metabolic syndrome, OR Odds Ratio, C Confidence Interval, IDF International Diabetes Federation; Revised ATP IIl: the American Heart Association/National
Heart, Lung, and Blood Institute updated the ATP III; JCDCG The Joint Committee for Developing Chinese Guidelines, BMI Body mass index, CVD Cardiovascular
disease. Factors in the model: age, area, education level, smoking status, alcohol use, region, and family history of CVD

was only significantly associated with a higher prevalence
of MetS defined by IDF criteria. In women, alcohol use
was associated with a lower prevalence of MetS defined
by all three definitions.

Discussion

This study aimed to investigate the prevalence and char-
acteristics of MetS with different definitions across
China. The results showed that the overall prevalence
of MetS among Chinese populations aged>35 years
according to the definition of IDF, the revised ATP III,
and JCDCG was 26.4%, 32.3%, and 21.5%, respectively.
The MetS was less prevalent in men than women accord-
ing to IDF definition (22.2% vs 30.3%) and the revised
ATP III (29.2% vs 35.4%) definition, but the opposite was
true according to JCDCG definition (24.4%vs 18.5%).
The result also showed that JCDCG definition was not
in good agreement with IDF and the revised ATP III in
women. In addition, the study indicated that area, age,
education, smoking, alcohol use, and family history of
CVD were related to MetS, but the impact and strength
of the association of these factors varied by gender and
definition.

The study explored the prevalence and characteristics
of MetS with different MetS definitions across China. The
prevalence of MetS varied greatly, with the lowest being
defined by JCDCG (21.5%) and the highest being defined
by ATP III (32.3%), the latter was about 1.5 times of the
former. Even if estimated according to the definition of
the lowest prevalence, MetS was common in the Chinese
adults. Therefore, it is necessary to take targeted inter-
vention measures to reduce the burden of MetS in China.
Multivariate logistic regression showed that although the
impact and correlation intensity varied by gender and
definition, region, age, education, smoking, alcohol con-
sumption, and family history of CVD were factors asso-
ciated with MetS. An in-depth study of the relationship
between these factors and MetS may help to understand
the causes of MetS and help to control MetS.

Consistency and difference analysis showed that there
was a great overlap between the three definitions. Among
individuals with MetS diagnosed according to at least
one definition, 64.4% of men and 46.6% of women could
be diagnosed by all definitions. This may explain why the
influence and correlation intensity of the factors associ-
ated with MetS varied by definition, but the difference
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was not large. The consistency tests showed that the
consistency between any two definitions of men and the
revised ATP III definition and IDF definition of women
was relatively good, while the consistency between
JCDCG and IDF definition (kappa 0.58) and the revised
ATP III (kappa 0.58) was relatively poor in women. More-
over, the results showed that the MetS prevalence was
higher in men than in women with IDF and the revised
ATP III definition, but lower in men than in women with
the JCDCG definition. This phenomenon may be caused
by the strictest central obesity standard (WC > 85 c¢m for
women). Understanding the differences among the defi-
nitions may helpful to correctly analyze the differences
in prevalence among different definitions. Some studies
have shown that the revised ATP III definition was the
best predictor of cardiovascular disease [21, 22]. The cur-
rent study is a cross-sectional study, and it is impossible
to compare the advantages and disadvantages of differ-
ent definitions. To solve this problem, more longitudinal
studies may be needed. The prevalence of MetS in our
population lies well within the data previously obtained
in China [13, 21, 23]. In a nationwide studies of people
over 45 years old, the prevalence of MetS was 34.8%,
39.7%, and 25.6%, according to IDF, the revised ATP III,
JCDCG criteria, respectively [21]. The participants in
that study were older than those in our study. In a survey
of people aged 18 years and older, the prevalence of MetS
according to the revised ATP III definition was 24.2%,
much lower than the 32.3% we obtained when using the
same definition [13]. However, the prevalence of MetS
in the 45-54, 55—-64, and > 65 years age groups in that
study was 32.12%, 36.97%, 37.81%, respectively. In our
study, the MetS prevalence in the 45-54, 55-64, 65-64,
and > 75 years age groups was 33.4%, 39.4%, 37.9%, and
38.1%, respectively (Table 2). The numbers are very close.

It has been seen that the prevalence of MetS was
closely related to age and gender [24]. In our study, the
prevalence of MetS in the total population peaked at the
age of 55—64 years, which is close to Wu'’s study, which
peaked at the age of 60—69 years [25]. In addition to age,
gender cannot be ignored. In our study, the prevalence of
MetS in women over 45 years old remained at a high level
(Table 2), and the odds ratio of women over 45 years old
reached around 3 (Table 4). Menopause may explain this
phenomenon, for menopause generally occurs around
the age of 50 [26]. The loss of heart and kidney protec-
tion of female hormones with age may lead to the sharp
increase in hypertension and cardiovascular disease in
postmenopausal women [27]. The prevalence of MetS in
our study reached its highest in men aged 45-54 years
and then decreased, becoming a protective factor over
65 years. This marked reversal of gender difference in
older adults may be partly attributable to the men prone
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to metabolic disease who had died before the age of 75 or
refused to participate in this study [27, 28]. The charac-
teristics of MetS vary by sex, suggesting that reasonable
comparisons should be made by sex.

In addition to age and gender, our study showed there
were some other factors associated with MetS. The pre-
sent study revealed that individuals living in urban areas
had a higher risk of MetS, in line with some other stud-
ies [25, 29]. The reason for this phenomenon may be
that, in China, compared to rural areas, in economically
developed urban areas with rapid industrialization, ani-
mal food and fast food with high fat and purine content
increased dramatically, while grain consumption was the
opposite [30]. Our results also indicated that there were
gender differences in the association between education
and MetS, with a positive association for women and neg-
ative for men. This was consistent with a study conducted
by the Korea National Health and Nutrition Examination
Surveys [31]. One possible explanation was that more
educated women might have a favorable opportunity to
get more nutrition knowledge and prefer healthy food
consumption patterns [32]. And men with higher educa-
tion are more likely to consume high-calorie foods and
alcohol, while avoiding physically demanding tasks [31].
It is worth noting that a family history of CVD was an
independent risk factor for MetS in our study, suggest-
ing that more attention should be paid to individuals
with a CVD family history [33]. There was a significant
negative correlation between smoking and MetS defined
by the revised ATP III and JCDCG definition in men.
Although the association between smoking and MetS
was not significant in women, its OR value was smaller
than that in men, which may be due to the small num-
ber of women smoking and insufficient test power. This
phenomenon is contrary to the general conclusion that
smokers had higher insulin resistance and a higher risk
of fatal coronary artery disease than non-smokers [34].
One possible explanation is that some smokers weigh
less than non-smokers because of the effects of nicotine
on metabolism [35]. Interestingly, we found an arguable
result that alcohol use was a protective factor for women
and a risk factor for men, which was also reported in
Sampson’s study [36]. Men have higher drinking rates
and tend to consume large amount of alcohol. Heavy
drinking, especially > 30 g/day in men, is often accompa-
nied by an increase in energy intake and changes in the
concentration of steroid hormones that may cause cen-
tral fat storage, which will aggravate elevated blood pres-
sure, elevated plasma glucose, and central obesity [37].
Women drink less often and in lower amounts. Some
studies have shown that drinking small amounts of alco-
hol may have cardiovascular protective effects [38]. How-
ever, the protective effect of drinking small amounts of
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alcohol remains controversial and needs further study
[39].

Our study has some strength. Firstly, the sample size
of the current study was large and the study popula-
tion was randomly selected from the whole country
by stratified and multistage sampling, and the sample
was nationally representative. This allowed us to esti-
mate the prevalence of MetS across the country and to
explore the impact of different definitions on the preva-
lence of MetS in China. Secondly, strict quality control
ensured the high quality of data and reliability of the
findings. The uniform research protocol and measuring
instruments, strict training and examination, and the
centralized detection of blood glucose and lipids in the
central laboratory ensure the accuracy and compara-
bility of the data. Thirdly, we used different definitions
in the same group of people to explore the prevalence
and characteristics of MetS, which enables us to have
a comprehensive understanding of the prevalence and
characteristics of MetS and is also convenient to com-
pare with the data of other regions and population.
The limitations of this study need to be recognized.
Firstly, we only compared the revised ATP III, IDF, and
JCDCG definitions due to the lack of some indicators,
such as the data of insulin resistance. Secondly, we
explored some related factors of MetS, but we cannot
claim causality because of the cross-sectional design.
Thirdly, in this study, we explored the related factors of
MetS, some variables which may affect MetS were not
included in our study, such as physical activity and die-
tary patterns. In addition, due to funding and other rea-
sons, the investigation lasted for a long time, and some
related factors may have changed.

Conclusions

In summary, the prevalence and characteristics of met-
abolic syndrome vary according to the definition used
in the Chinese population. The three MetS definitions
of IDF, the revised ATP III, and JCDCG are in relatively
good agreement in men, but the differences between
JCDCG and IDF and between JCDCG and the revised
ATP III are large in women. On the other hand, even
if estimated according to the definition of the lowest
prevalence. MetS is common in the Chinese adults. It is
necessary to explore the causes of the difference in the
prevalence of MetS in different populations and take
targeted intervention measures in China.
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