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ABSTRACT
Aims To estimate the prevalence and clustering of
major cardiovascular risk factors in adults in Northeast
China.
Methods In total, 37 141 individuals undergoing a
health screening programme at the International Health
Promotion Center at the 1st Hospital of Jilin University
were enrolled. Height, weight, blood pressure, fasting
serum glucose, total cholesterol (TC), triglyceride (TG),
high-density lipoprotein and low-density lipoprotein were
recorded.
Results Compared with women, the age-standardised
prevalence of overweight (44.0% vs 25.0%) and obesity
(20.2% vs 7.1%), hypertension (33.7% vs 19.3%),
dyslipidaemia (63.8% vs 42.3%), impaired fasting
glucose (5.1% vs 4.2%) and diabetes mellitus (8.1% vs
3.5%) was higher in men. Overall, 69.1%, 32.7% and
10.0% of participants had ≥1, ≥2 and ≥3 major
cardiovascular risk factors, respectively (obesity,
hypertension, dyslipidaemia, diabetes mellitus). For men,
the figures were 79.2%, 41.1% and 13.3%,
respectively, and for women 53.4%, 19.8% and 5.0%,
respectively. With increasing age and increasing body
mass index, the prevalence of clustering of
cardiovascular risk factors increased in both men and
women.
Conclusions There is a high prevalence of
cardiovascular risk factors in adults in Northeast China:
one out of three has at least two risk factors. Prevalence
was higher in men than in women. Clustering of risk
factors is more common with increasing age and body
mass index in both men and women. Prevention of the
development of risk factors should be an extremely high
priority in this region.

INTRODUCTION
Cardiovascular disease (CVD) is the leading cause
of death worldwide, and over 80% of all deaths
from CVD occur in low- and middle-income coun-
tries. In China, CVD accounted for 38% of all
deaths in 2010.1 It is well known that overweight/
obesity, hypertension, diabetes, dyslipidaemia and
tobacco use are primary risk factors for CVD.
Owing to currently ongoing demographic, social
and economic changes in China, the prevalence of
these risk factors for CVD is increasing, which will
further increase the burden of CVD.2

It has been shown that clustering of cardiovascu-
lar risk factors is associated with higher rates of car-
diovascular events.3 Vice versa, individuals with
favourable cardiovascular risk profiles on average
live longer and have a better quality of life.4 5

Since, many risk factors for CVD are modifiable by
specific preventive measures, it is important to

quantify the proportion of the population at high
risk of CVD to implement targeted interventions to
end the CVD epidemic and lower the burden of
illness due to CVD.
The area of Northeast China comprising three

provinces, Heilongjiang, Jilin and Liaoning, has
one of the highest incidences of CVD in China.6 A
recent study on the Chinese ‘stroke belt’ indicated
that nine provincial regions met the criteria for a
region of high stroke incidence, and all three pro-
vinces of Northeast China were in the belt.7

Despite the emergence of CVD, few studies have
examined the prevalence and clustering of cardio-
vascular risk factors in adults in Northeast China.
Our study aimed to examine the prevalence of
major cardiovascular risk factors, including over-
weight and obesity, hypertension, diabetes mellitus
and dyslipidaemia, and to assess the interdepend-
ence of these risk factors in adults in Northeast
China.

METHODS
Study population
The International Health Promotion Center at the
1st Hospital of Jilin University provides health
examinations for residents of Changchun, which is
the capital and largest city of Jilin Province, located
in the northeast of China. From 2003 to 2010,
37 141 individuals who were in a health screening
programme at the International Health Promotion
Center were enrolled. Participants were mainly
current and retired employees of government insti-
tutions, universities or companies. Since health
screening is considered to be welfare offered by
employers, almost all employees participate. Also,
as most employees were office workers, men and
women were considered to be equally distributed
in the labour force. Examinations included
anthropometric and blood pressure measurements
and blood tests for fasting serum glucose (FSG),
total cholesterol (TC), triglyceride (TG), high-
density lipoprotein (HDL) and low-density lipopro-
tein (LDL). Written informed consent was obtained
from each participant. Participants who had condi-
tions newly detected during the examination were
referred to the relevant outpatient clinic. The ethics
committee of the 1st Hospital of Jilin University
approved the protocol for the study.

Blood pressure and anthropometric
measurements
Blood pressure was measured twice with partici-
pants in the seated position after 5 min of rest, using
a computerised auto-mercury-sphygmomanometer,
Omron BP-203RV IIIC. The mean of these two
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readings was used in the analysis. Participants were advised to
avoid cigarette smoking, alcohol and caffeine beverages, and
exercise for at least 30 min before measurement.

Body weight and height were measured with an auto-
anthropometer, Biospace BSM 330. Height was recorded to the
nearest 0.1 cm. Weight was measured with the participant in
light indoor clothing without shoes and was recorded to the
nearest 0.1 kg.

Laboratory measurements
Overnight fasting blood samples were collected by venepunc-
ture. Participants who did not meet the overnight fasting criter-
ion were asked to visit the centre later when their fasting time
was more than 12 h. Concentrations of TC, TG, HDL and LDL
were measured enzymatically on a Hitachi 7600-210 auto ana-
lyser (Hitachi, Tokyo, Japan). FSG level was measured on the
same autoanalyser. The central laboratory of the 1st Hospital of
Jilin University analysed all specimens.

Definitions
Body mass index (BMI) was calculated as body weight (in kg)
divided by height (in m2). Overweight was defined as
24≤BMI<28 kg/m2, and obesity as BMI ≥28 kg/m2, based on
the Guidelines on Prevention and Control of Overweight and
Obesity in Chinese Adults.8 Diabetes was defined as an FSG
level ≥7.0 mmol/L. Impaired fasting glucose (IFG) was defined
as 6.1≤FSG<7.0 mmol/L.9 Hypertension was defined as systolic
blood pressure (SBP) ≥140 mm Hg or diastolic blood pressure
(DBP) ≥90 mm Hg.10 Dyslipidaemia was defined as having 1 or
more of the following: TC ≥5.18 mmol/L, TG ≥1.7 mmol/L,
LDL ≥3.37 mmol/L or HDL ≤1.04 mmol/L.11

Statistical analysis
For continuous variables of cardiovascular risk factors, mean
±SD was calculated. For categorical variables, proportions

(prevalences) were calculated. To compare prevalence estimates
with other studies, we standardised the overall prevalence of
cardiovascular risk factors by the direct method to the age distri-
bution of the Chinese population from the 2000 census.
Differences in continuous variables were estimated using t tests
for independent samples, and prevalence values for categorical
variables were compared using Pearson’s χ2 test. To calculate the
relative risk of having ≥1, ≥2 and ≥3 cardiovascular risk factors
associated with age and sex, we performed multivariable logistic
regression, yielding adjusted ORs, as an estimate of the relative
risk for having ≥1, ≥2 and ≥3 risk factors. ORs for sex and age
were adjusted for age and sex, respectively. In these analyses,
women and those aged 18–29 years served as the respective ref-
erence category. A two-tailed p value <0.05 was considered sig-
nificant. Furthermore, we used χ2 statistics to examine whether
obesity was associated with clustering of cardiovascular risk
factors. All data were analysed with SPSS V.20.0 for Windows.

RESULTS
From 2003 to 2010, 37 141 individuals (comprising 22 549
men and 14 592 women) undergoing the health screening pro-
gramme were enrolled. The mean age of all participants was
45.2±13.9 years (46.1±14.1 for men and 43.8±13.4 for
women; p>0.05). The distribution of major cardiovascular risk
factor levels is shown in table 1. Compared with women, men
had a higher BMI (25.3 vs 23.0 kg/m2), SBP (125.0 vs
116.4 mm Hg), DBP (83.1 vs 76.5 mm Hg), FSG (5.5 vs
5.2 mmol/L), TC (5.0 vs 4.8 mmol/L), TG (2.0 vs 1.3 mmol/L)
and LDL (3.0 vs 2.8 mmol/L) and a lower mean HDL (1.4 vs
1.6 mmol/L) (all p<0.05).

In table 2, we present the prevalence of cardiovascular risk
factors in both sexes across different age groups and the
age-standardised prevalence for those risk factors in men and
women. Compared with women, men had a higher
age-standardised prevalence of all relevant cardiovascular risk

Table 1 Distribution of cardiovascular risk factors by specific age and gender groups

Age group

Risk factor 18–29 30–44 45–59 ≥60 Total

Men
N 2658 8523 7590 3778 22 549
SBP (mm Hg) 115.8±12.6 120.2±15.0 127.6±17.7 137.6±20.1 125.0±18.0
DBP (mm Hg) 77.8±8.7 82.0±10.9 85.7±11.7 84.1±10.2 83.1±11.1
FSG (mmol/L) 5.0±0.7 5.4±1.1 5.8±1.6 5.8±1.6 5.5±1.4
TC (mmol/L) 4.5±0.9 4.9±1.0 5.1±1.0 5.1±1.0 5.0±1.0
TG (mmol/L) 1.5±1.2 2.2±2.0 2.1±1.7 1.6±1.1 2.0±1.7
HDL (mmol/L) 1.4±0.3 1.4±0.4 1.4±0.4 1.3±0.4 1.4±0.4
LDL (mmol/L) 2.7±0.7 2.9±0.8 3.1±0.8 3.1±0.8 3.0±0.8
BMI (kg/m2) 24.5±4.0 25.5±3.4 25.7±3.1 24.7±3.3 25.3±3.4

Women
N 2425 5563 4718 1886 14 592
SBP (mm Hg) 106.4±11.9 109.3±13.8 122.6±18.7 137.2±20.7 116.4±19.0
DBP (mm Hg) 71.0±7.9 73.7±9.2 80.3±11.2 82.6±10.5 76.5±10.7
FSG (mmol/L) 4.9±0.6 5.0±0.6 5.4±1.2 5.8±1.7 5.2±1.0
TC (mmol/L) 4.3±0.8 4.5±0.8 5.1±1.0 5.5±1.0 4.8±1.0
TG (mmol/L) 0.9±0.6 1.1±0.8 1.5±1.0 1.8±1.1 1.3±0.9
HDL (mmol/L) 1.7±0.4 1.6±0.4 1.6±0.4 1.5±0.4 1.6±0.4
LDL (mmol/L) 2.5±0.6 2.6±0.7 3.1±0.8 3.3±0.8 2.8±0.8
BMI (kg/m2) 21.0±2.8 22.3±2.9 24.1±3.0 24.9±3.4 23.0±3.3

Data are expressed as mean±SD.
BMI, body mass index; DBP, diastolic blood pressure; FSG, fasting serum glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure; TC, total
cholesterol; TG, triglyceride.
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factors—that is, overweight (44.0% vs 25.0%) and obesity
(20.2% vs 7.1%), hypertension (33.7% vs 19.3%), dyslipidae-
mia (63.8% vs 42.3%), IFG (5.1% vs 4.2%) and diabetes melli-
tus (8.1% vs 3.5%) (all p<0.05). In men, the prevalence of
hypertension and IFG/diabetes increased with age (p for trend
<0.05), while the prevalence of dyslipidaemia, overweight/
obesity decreased with increasing age. In women, all relevant
risk factors increased over the entire age range (p<0.05).

Overall, 20.8% of the men and 46.6% of the women in
Northeast China did not have any of the studied cardiovascular
risk factors (obesity, hypertension, dyslipidaemia or diabetes
mellitus; figure 1). In contrast, 79.2%, 41.1% and 13.3% of
men and 53.4%, 19.8% and 5.0% of women had ≥1, ≥2 and
≥3 major cardiovascular risk factors, respectively. In total,
69.1%, 32.7% and 10.0% of participants had ≥1, ≥2 and ≥3
major cardiovascular risk factors.

The adjusted OR (95% CI) of having ≥1, ≥2 and ≥3 car-
diovascular risk factors in men compared with women was
3.44 (3.27 to 3.61), 2.79 (2.66 to 2.94) and 2.80 (2.56 to
3.03), respectively (table 3). Moreover, older participants
were more likely to have ≥1, ≥2 and ≥3 cardiovascular risk
factors than younger participants (table 3, p<0.05 for all
comparisons).

The percentage of individuals with two or more cardiovascular
risk factors clearly increased with increasing BMI in both sexes
(figure 2); with increasing BMI, the percentage of men with two
or more cardiovascular risk factors increased from 17.6% in those
with BMI of 18.5–24 kg/m2 to 53.1% in those with the highest
BMI (>28 kg/m2). Similarly, clustering of two or more cardiovas-
cular risk factors was prominent in women with the highest BMI
(46.7%) as compared with those with the lowest BMI (8.9%).

DISCUSSION
CVD is the leading cause of death in China. Within China, the
Northeast area has a relatively high incidence of cardiovascular
events,6 but few studies have examined the CVD risk factors in
this area. The present study estimates the prevalence and cluster-
ing of major cardiovascular risk factors in a healthy screening
population in Northeast China. In this cross-sectional screening
of a population of 37 141 adults, we found that one out of
three has at least two risk factors, and overweight/obesity corre-
lates highly with clustering of other cardiovascular risk factors.

A higher level of clustering of cardiovascular risk factors was
also observed in studies in samples from the general Chinese
population over the last decade. In 2000, a nationally represen-
tative sample showed that 80.5%, 45.9% and 17.2% of Chinese

Table 2 Prevalence of cardiovascular risk factors in the study population

Age group

18–29 30–44 45–59 ≥60 Total

Age-standardisedRisk factor N % N % N % N % N %

Men 2658 8523 7590 3778 22 549
Overweight 893 33.6 3962 46.5 3941 51.9 1743 46.1 10 539 46.7 44.0
Obesity 501 18.8 1900 22.3 1663 21.9 578 15.3 4642 20.6 20.2
Dyslipidaemia 1270 47.8 5831 68.4 5642 74.3 2568 68.0 15 311 67.9 63.8
Hypertension 402 15.1 2608 30.6 3550 46.8 2219 58.7 8779 38.9 33.7
IFG 60 2.3 503 5.9 870 11.5 481 12.7 1914 8.5 5.1
Diabetes 20 0.8 386 4.5 831 10.9 482 12.8 1719 7.6 8.1

Women 2425 5563 4718 1886 14 592
Overweight 242 10.0 1142 20.5 1851 39.2 823 43.6 4058 27.8 25.0
Obesity 50 2.1 238 4.3 505 10.7 336 17.8 1129 7.7 7.1
Dyslipidaemia 495 20.4 1752 31.5 2959 62.7 1494 79.2 6700 45.9 42.3
Hypertension 64 2.6 482 8.7 1483 31.4 1097 58.2 3126 21.4 19.3
IFG 21 0.9 124 2.2 290 6.1 215 11.4 647 4.4 4.2
Diabetes 12 0.5 53 1.0 226 4.8 246 13.0 537 3.7 3.5

IFG, impaired fasting glucose.

Figure 1 Prevalence of having 0, 1,
2 and ≥3 cardiovascular risk factors in
men and women. CRF, cardiovascular
risk factors.
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adults have ≥1, ≥2 or ≥3 major cardiovascular risk factors,
respectively.12 Among 46 239 Chinese adults recruited in 2007–
2008 as a nationally representative cohort, the prevalence of
having ≥2 risk factors was 55.3%.13 Another national study in
2009–2010 indicated that over half of Chinese adults with car-
diovascular risk factors presented with a cluster of risk factors.14

Similar prevalent clustering of risk factors was also found in
North China, South China15 16 and Northeast China (as pre-
sented in our study).

Clustering of cardiovascular risk factors has also been
observed in other countries that have experienced rapid socio-
economic growth like China. Clustering of three or more car-
diovascular risk factors was present in 22.7% of the men and
21.7% of the women in South Korea.17 In Malaysia, 33% of
the national population had two or more risk factors,18 and
similar findings have been reported for India.19

There is ample evidence that the risk of CVD increases sub-
stantially with the number of cardiovascular risk factors
present.20 For example, data from the first National Health and
Nutrition Examination Surveys (NHANES) Epidemiologic
Follow-up Study in the USA21 show that, among participants
with one risk factor, more than 50% of the coronary heart
disease and stroke incidence and all-cause mortality was attribut-
able to the presence of this risk factor, while for those with
three risk factors, the attributable risk was more than 70%.
Furthermore, after 26 years of follow-up, the Chicago Heart
Association Detection Project in Industry Study showed that the
fewer the risk factors, the higher the quality of life.5 Although

most of the evidence on the relationship between a worse risk
factor profile and a higher number of cardiovascular events
comes from established economies, there is ample evidence that
risk factor relations as found in westernised societies equally
apply to emerging economies.22 A recent study identified all
three provinces of Northeast China in the stroke belt, all
ranking among the top five in terms of stroke incidence rates.7

We observed a notable sex difference in cardiovascular risk-
factor profiles—that is, the prevalence of cardiovascular risk
factors was considerably higher in men than women. Men were
three times more likely to have clustering of cardiovascular risk
factors than women. According to a national survey on smoking
status in 2002, 57.4% of Chinese men versus 2.6% of Chinese
women were current smokers.23 Since we did not include
smoking data in our analysis, our observed sex difference in car-
diovascular risk-factor profiles might even be an underestimate
of the true difference. Our sex-specific findings agree with those
reported by others in China.12 This sex difference may be due
to the fact that Chinese men assume more responsibility in
society than women, and Chinese men tend to drink more
alcohol and be more susceptible to psychological stress. On the
other hand, Chinese women tend to have more awareness of
body weight especially in their young and middle years, which
could translate into favourable cardiovascular risk profiles.
However, this sex difference seems to be inconsistent with
data from other countries with fast growing economies. In
both South Korea and Malaysia, the prevalence of obesity in
women was significantly higher than in men, and furthermore
clustering of cardiovascular risk factors was more common in
women.17 24

Obesity is an independent risk factor for CVD. In China
nearly one-quarter of the total 1.3 billion population are over-
weight.25 Our study clearly shows that overweight/obesity is
highly related to clustering of other CVD risk factors in adults
in Northeast China. This significant relation between clustering
of cardiovascular risk factors and obesity is in line with findings
from the 2002 China National Nutrition and Health Survey.26

Furthermore, rates of metabolic syndrome have been found to
be high among obese school children in China.27 A recent
pooled analysis of 97 prospective cohorts suggests that a reduc-
tion in blood pressure, cholesterol and glucose might counteract
about half of the excess risk of coronary heart disease and three-
quarters of the excess risk of stroke associated with high BMI.28

Taken together, these results indicate that efforts to promote a

Table 3 Adjusted OR (95% CI) of having ≥1, ≥2 and ≥3
cardiovascular risk factors associated with sex and age group

≥1 Risk factors ≥2 Risk factors ≥3 Risk factors

Age group
18–29 1.00 1.00 1.00
30–44 2.29 (2.14 to 2.45) 2.36 (2.15 to 2.60) 2.18 (1.85 to 2.57)
45–59 6.55 (6.08 to 7.06) 5.28 (4.81 to 5.81) 3.95 (3.37 to 4.64)
≥60 11.29 (10.20 to 12.50) 8.47 (7.65 to 9.39) 4.58 (3.87 to 5.42)

Men vs
women

3.44 (3.27 to 3.61) 2.79 (2.66 to 2.94) 2.80 (2.56 to 3.03)

OR for sex was adjusted for age group, and OR for age group was adjusted for sex.
In the logistic regression, women and those aged 18–29 years served as the
respective reference category.

Figure 2 Prevalence of clustering of cardiovascular risk factors by distribution of BMI in men and women. CRF, cardiovascular risk factors; BMI,
body mass index. Normal weight, 18≤BMI<24 kg/m2; overweight, 24≤BMI<28 kg/m2; obesity, BMI ≥28 kg/m2.
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healthy diet and increase physical activity to maintain optimum
weight must be a national priority.

China is undergoing fast economic transition, with rapid
changes in urbanisation and industrialisation such as many
developed countries have experienced since the 1960s. There is
no doubt that the changes in behaviour and lifestyle due to this
transition result in increased prevalence of cardiovascular risk
factors. In the USA, hypertension prevalence peaked at 36.3%
in NHANES I (1971–1974) and declined to 20.4% in
NHANES III (1988–1991).29 In China, an increase in preva-
lence of hypertension has been observed, from ∼18% in 2002
to 25% in 2007 and 33% in 2010,30 31 with little evidence of a
decline. The Framingham Heart Study found a doubling of the
incidence of type 2 diabetes over 30 years from the 1970s to
the 1990s.32 In a 2010 cross-sectional survey in China, the
prevalence of diabetes was 11.6%, whereas the prevalence of
prediabetes (ie, increased risk of diabetes) was 50%.33 Studies in
developed countries since the 1960s showed that coronary heart
disease mortality has fallen ∼50% due to risk-factor reductions
such as reductions in cigarette smoking, blood pressure and
cholesterol levels.34 This ‘rise and fall’ pattern of CVD epi-
demics in developed countries offers potential lessons for
achieving similar results in developing countries such as China.

A major strength of our study is the fact that its results are
based on findings in a large sample of the Chinese adult popula-
tion and that it is the first study to provide scientific evidence
on the prevalence and clustering of cardiovascular risk factors in
adults in Northeast China, an area with a relatively high inci-
dence of CVD. A limitation of the study is that we did not have
smoking data in our analysis, which might underestimate the
prevalence and clustering of cardiovascular risk factors, espe-
cially in men, given that ∼60% of Chinese men are current
smokers.23 Thus, the cardiovascular risk profile is even worse
than we observed, especially among men. Another potential
limitation is the representativeness of our study participants,
who were employees undergoing a routine health check paid
for by their company or institution. It may be that this study
population represents a higher socioeconomic and nutritional
status and tends to have a more unfavourable cardiovascular risk
profile than a population from the lower socioeconomic classes.
Hence, the prevalence estimates in our study might not repre-
sent the true prevalence of the risk factors in Northeast China.

In conclusion, our study shows that there is a high prevalence
of modifiable cardiovascular risk factors in adults in Northeast
China: one out of three has at least two risk factors. In addition,
our data confirm a significant association between overweight/
obesity and clustering of cardiovascular risk factors. Therefore,
comprehensive population-based and high-risk individual inter-
ventions must be developed and implemented to improve the
cardiovascular health status in Northeast China.
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