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AbstrACt
Objectives To estimate prevalence and clustering of 
cardiovascular risk factors (CRFs), and investigate the 
association between relevant characteristics and CRF 
clustering among adults in eastern China.
Design Community-based cross-sectional study.
setting Data were collected by interview survey, 
physical measurements and laboratory examinations 
from the 2011 Nanjing Chronic Disease and Risk Factor 
Surveillance.
Participants A representative sample of 41 072 residents 
aged ≥18 years volunteered to participate in the survey, 
with a response rate of 91.3%. We excluded 1232 subjects 
due to missing data or having a history of cardiovascular 
diseases; a total of 39 840 participants were included in 
the analysis.
Outcome measures Prevalence and clustering of 
five major CRFs including hypertension, diabetes, 
dyslipidaemia, overweight or obesity and current 
smoking.
results Of 39 840 participants (mean age 47.9±16.2 
years), 17 964 (45.1%) were men and 21 876 (54.9%) 
were women. The weighted prevalence of CRFs ranged 
between 6.2% for diabetes and 35.6% for overweight or 
obesity. The proportion of CRFs tended to be higher in men, 
the elderly, participants who lost a life partner, or lived 
in rural areas, or had lower level of education and total 
annual income. Overall, 30.1% and 35.2% of participants 
had one and at least two CRFs, respectively. Multivariate 
logistic regression revealed that men, older age, loss of 
a life partner, lower level of socioeconomic status, rural 
areas, insufficient physical activity or unhealthy diets 
were positively associated with CVD risk factor clustering, 
compared with their counterparts.
Conclusions High regional prevalence of hypertension, 
dyslipidaemia, overweight or obesity and their clustering 
are present in Nanjing. The Nanjing government should 
develop effective public health policies at the regional level 
especially for high-risk groups, such as enhancing the 
public’s health awareness, organising health promotion 
programmes, implementing smoke-free law, producing 
healthy nutrient foods, providing free or low-cost public 
sports and fitness facilities.

IntrODuCtIOn 
The rapid socioeconomic progress in China 
has had a great impact on the lifestyle of the 
population. With the acceleration in urbani-
sation, industrialisation, ageing and lifestyle 
changes, the prevalence of cardiovascular 
disease (CVD) in China has dramatically 
increased and will remain on an upward 
trend in the next decades.1 According to 
a 2012 report on CVDs in China, an esti-
mated 290 million individuals suffered from 
CVD and 3.5 million died of CVD every 
year, which accounted for 41% of all-cause 
deaths.2 CVD has become the top killer for 
the Chinese population.2 The increasing 
disease burden of CVD has become a 
major public health issue. The ongoing 

strengths and limitations of this study

 ► This  is the first study  designed to assess the up-
to-date prevalence and clustering of cardiovascu-
lar risk factors (CRFs)  in Nanjing, with a large and 
representative adult population from eastern China 
(n=39 840).

 ► The high-quality study design and multistage ran-
dom sampling method, the use of standard proto-
cols and instruments, data collection by trained 
interviewers, a vigorous quality control throughout 
the survey period, a high response rate and a low 
percentage of missing data, ensured the validity of 
our self-reported data.

 ► A cross-sectional study cannot determine the cau-
sality or the temporal relationship of CRF clustering 
with the prevalence of cardiovascular disease.

 ► Furthermore, the information on current smoking 
status was based on self-report, which may be sub-
ject to reporting bias.

 ► The mean of the second and third blood pressure 
(BP) measurements in single-visit BP measurements 
was calculated for analysis, which may overesti-
mate the prevalence of hypertension.
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deterioration in cardiovascular risk factors (CRFs) 
appears to be the major cause of inducing the CVD 
epidemic in China.1

It is well known that cigarette smoking, overweight 
or obesity, hypertension, diabetes and dyslipidaemia are 
five major modifiable CRFs that can be altered or elim-
inated through proper management.3–11 A number of 
studies have indicated that the prevalence of CRFs has 
increased in recent decades in China.3–7 9–11 Further-
more, the clustering of these risk factors in the same 
individual will significantly increase risk of CVD events 
compared with a single risk factor.4 6 9–12 A complete 
assessment of the distribution and aggregate of well-es-
tablished CRFs depicts the risk of developing CVD and 
is useful in formulating effective prevention strategies.

CVD is the leading cause of mortality in Nanjing, 
accounting for approximately 43% of total deaths in 
2012.13 Although there have been similar studies previ-
ously in foreign countries,8 14–18 there has been no large-
scale study with an adequate sample size to evaluate 
the prevalence and clustering of CVD risk factors in 
Nanjing. In the present study, we performed a commu-
nity-based survey to estimate the up-to-date prevalence 
and clustering of CVD risk factors, and investigate the 
association between relevant characteristics and CVD 
risk factor clustering among a large representative 
sample of the Nanjing adult population from eastern 
China.

MethODs
study population
Data were drawn from Nanjing Chronic Disease and Risk 
Factor Surveillance (NCDRFS), which was a communi-
ty-based cross-sectional study to obtain a regional repre-
sentative sample of the general population aged ≥18 
years. The NCDRFS was conducted between June and 
November 2011 in Nanjing, the capital of Jiangsu Prov-
ince in eastern China. Nanjing had a resident popula-
tion of more than 8.1 million with eight urban districts 
and five rural counties in 2011. The sample size for the 
present study was calculated based on a prevalence (p) 
of diabetes of 5.8% among adults aged 18 years or older 
in Jiangsu Province,19 the design effect (deff) of 1.5, an 
u value of 1.96, a relative error (r) of 5% and a non-re-
sponse rate of 20%, using the formula n=deff×u2(p(1- p)/
(r×p)2)×(1+20%). We estimated a required sample size of 
approximately 45 000 subjects.

Briefly, a multistage random sampling method was 
adopted. In the first stage, we covered all 13 administra-
tive regions in Nanjing. In the second stage, 55 streets 
in urban districts and 45 towns in rural counties were all 
covered from each administrative region. In the third 
stage, three neighbourhood communities or administra-
tive villages in each street or town were randomly selected 
with probability proportional to size. In the fourth stage, a 
resident group or villager group from each chosen neigh-
bourhood community or administrative village was selected 

with a simple random sampling method. In the fifth 
stage, 150 households (a resident group containing about 
250–500 households, and a villager group containing about 
150–200 households) from each chosen resident group 
or villager group were randomly selected with a simple 
random sampling method. In the final stage, one person 
aged ≥18 years, who was a local registered resident for more 
than 6 months was selected randomly from each chosen 
household using a Kish selection table. A total of 45 000 
individuals were selected, 41 072 residents volunteered to 
participate in the survey, with an overall response rate of 
91.3% (41 072/45 000). We excluded 1232 residents due to 
missing complete information on CVD risk factors (n=176) 
or having a self-reported history of CVD (coronary heart 
disease and stroke) (n=1056). Finally, 39 840 participants 
were included in the present analyses.

Written informed consent was obtained from each 
participant prior to the survey.

Data collection and measurement
At each surveillance point, trained staff collected data 
according to a standard protocol at local community 
health service centres/stations in the participants’ 
registration address. The information included inter-
view survey, physical measurements and laboratory 
examinations.

Standard questionnaire information included demo-
graphic characteristics (age, gender, address, and 
marriage), socioeconomic characteristics (education, 
occupation and annual family income), lifestyle risk 
factors (smoking, drinking status, physical activity (PA) 
and dietary habits) and their past medical history.

Physical measurements included weight, height 
and blood pressure (BP). Weight was measured with 
light clothing to the nearest 0.1 kg and height was 
measured without shoes to the nearest 0.1 cm. Body 
mass index (BMI) was calculated as weight in kilo-
grams divided by the square of the height in metres. 
Participants were advised to avoid smoking cigarettes, 
drinking alcohol, taking tea or coffee or engaging in 
PA for at least 30 min before BP measurements. BP was 
measured three times by trained professionals after 
at least 5 min of rest in the seated position, using an 
electronic sphygmomanometer (OMRON HEM-7200, 
Japan). Three recordings were made at 2 min inter-
vals. The average of the second and third BP measure-
ments was used for the analysis.

Blood samples were collected from all subjects in the 
morning after overnight fasting at least 10 hours. Labora-
tory examinations included fasting blood glucose and four 
items of blood lipids. The laboratory completed the blood 
examinations within 8 hours of receiving the samples. 
Fasting plasma glucose (FPG) was measured enzymatically 
using a glucose oxidase method. Serum lipids, including 
total cholesterol (TC), triglycerides (TG), low-density lipo-
protein cholesterol (LDL-C) and high-density lipoprotein 
cholesterol (HDL-C) were measured using an autoanalyser 
(Abbott Laboratories, Illinois, USA).
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Assessment criteria
Cardiovascular risk factors
Five major CVD risk factors were defined based on current 
national guidelines. Hypertension was defined as self-re-
ported current treatment with antihypertensive medication 
in the past 2 weeks, and/or an average systolic BP (SBP) 
≥140 mm Hg and/or an average diastolic BP (DBP) ≥90 mm 
Hg.20 Diabetes was defined as self-reported current treat-
ment with antidiabetes medication (insulin or oral hypogly-
caemic agents) and/or FPG ≥7.0 mmol/L.21 Dyslipidaemia 
was defined as self-reported current treatment with antili-
paemic medication or having at least one of the following: 
TG ≥2.26 mmol/L, TC ≥6.22 mmol/L, LDL-C ≥4.14 mmol/L 
and HDL-C <1.04 mmol/L.22 Overweight or obesity were 
defined as BMI ≥24.0 kg/m2.23 Current smoking was defined 
as having smoked at least one cigarette daily continuously or 
at least 18 packs in total each year.24 Both ex-smokers (those 
who smoked previously but quit subsequently) and those who 
never smoked cigarettes were categorised as non-smokers in 
our study. CVD risk factor clustering was defined as having 
at least two risk factors in one individual.4 12

Covariates
Occupation, income and education were taken into 
the assessment of socioeconomic status (SES). Occupa-
tion was recorded into four groups: manual labourers 
(workers, farmers, fishermen and herdsmen), service 
staff (service personnel and housekeepers), mental 
labourers (professionals, office clerk and other technical 
staff) and others (unemployed and retired people).25 The 
total annual family income was divided into tertiles: lower, 
middle and higher.26 Education was grouped into three 
categories: primary school and lower, junior or senior 
high school, and college and higher.

The validated Chinese short-version of the Interna-
tional Physical Activity Questionnaire was used to measure 
self-reported PA in the past week.27 Total PA time was 
calculated as the sum of the time spent in moderate-in-
tensity PA plus double the time spent in vigorous-intensity 
PA according to PA guidelines for Americans.28 Partici-
pants who engaged in ≥150 min/week of total PA time 
were classified as having sufficient PA, and those who 
engaged in <150 min/week of total PA time were classi-
fied as having insufficient PA.28

A semiquantitative Food Frequency Questionnaire 
(FFQ) was used to assess dietary intake during the 
previous year. The reliability and validity of the FFQ have 
been examined elsewhere.29 Subjects were defined as 
having unhealthy dietary habits if they had at least three of 
the following per day: excessive intake of salt (>6 g/day), 
excessive intake of red meat (>100 g/day), insufficient 
intake of vegetables and fruits (<400 g/day), insufficient 
intake of soya-based foods (<25 g/day) and insufficient 
intake of dairy products (<300 g/day).30–32

Quality control
In order to ensure the reliability of the investigation 
data, a vigorous quality control was implemented by 

Nanjing Municipal  Center for Disease Control and 
Prevention (Nanjing CDC). The quality control was 
conducted throughout the survey period, including 
design and revision of the preliminary plan, unifying 
investigation tools, preparing standard training mate-
rials and technical requirements, conducting field 
supervision and technical guidance, extracting 10% 
questionnaire for verification and 5% respondents to 
review their physical measurements at each surveillance 
points, and data cleaning and analysis. The coincidence 
rate was over 95%. The feedback and correction was 
made timely when the problems were found. All study 
investigators completed a uniform training programme 
and passed the examination at the end of the training. 
A manual of procedures was distributed by Nanjing 
CDC, and detailed instructions for administration of 
the questionnaires, anthropometric measurements and 
biological specimen collection were provided. All data 
were entered twice and validated.

statistical analysis
The data were presented as means (SD) for continuous 
variables, and as percentages (95% CI) for categorical vari-
ables. Differences in continuous variables were analysed 
using t-test, and prevalence values for categorical variables 
were compared using χ2 test. The study data were weighted 
by 12 age groups (5-year intervals) and two gender groups 
(men or women) according to the Nanjing sixth national 
population census, which allowed for calculation of regional 
representative estimates.3 4 12 33 The weighted prevalence of 
each CVD risk factor and presence of cardiovascular risk 
factors (CFRs) (0, 1 or ≥2) were described in the overall 
population and stratified by gender. The association of 
relevant characteristics with CVD risk factor clustering was 
performed by multinomial logistic regression models. The 
adjusted ORs and 95% CIs of having one, two or more CVD 
risk factors versus no risk factor were analysed using multi-
variate logistic regression models. Variables that were statis-
tically significant at p<0.05 in the univariate analysis were 
entered into the multivariate logistic regression analyses.

All statistical analyses were performed using SPSS soft-
ware V.20.0 (IBM, Armonk, New York, USA). A two-tailed 
p<0.05 was considered statistically significant.

Patient involvement
Patients were not involved in setting the research question, 
the outcome measures, the design or the implementation 
of the study. No patients were asked to advise on interpre-
tation or writing up of results. No patients were advised on 
dissemination of the present study and its main results.

results
As shown in table 1, in a total of 39 840 participants 
(18–86 years, mean age 47.9±16.2 years), 17 964 (45.1%) 
were men and 21 876 (54.9%) were women. More 
than four-fifths (84.6%) of the residents were married, 
nearly half (47.9%) were manual labourers, 50.4% had 
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an education level of junior or senior high school, and 
42.5% had a middle level of annual family income. Nearly 
60% (59.1%) of adults were from rural areas. The propor-
tions of participants with sufficient PA and healthy dietary 
habits were 36.3% and 26.3%, respectively. Compared 
with women, men had a higher level of BMI, SBP, DBP, 
TC and TG (all p<0.01).

The weighed prevalence of hypertension, diabetes, 
dyslipidaemia, overweight or obesity, and current smoking 

was 23.9%, 6.2%, 28.9%, 35.6% and 24.5%, respectively. 
The weighted prevalence of hypertension, dyslipidaemia, 
overweight or obesity, and current smoking was higher in 
men than in women (all p<0.001), except for diabetes. 
The weighed prevalence of these risk factors increased 
significantly with age for the general population regard-
less of gender (all p<0.001). The proportion of CRFs 
tended to be higher among participants who lost a life 
partner (all p<0.001). The prevalence of CRFs decreased 

Table 1 Descriptive characteristics of participants in Nanjing, China

Characteristic Men (n=17 964) Women (n=21 876) Total (n=39 840)

Number, n (%) 17 964 (45.1) 21 876 (54.9) 39 840 (100.0)

Age, years, mean (SD) 48.0±16.4 47.8±16.2 47.9±16.2

Marriage, n (%)*

        Single 2167 (12.1) 1877 (8.6) 4044 (10.2)

        Married or living with a partner 15 174 (84.5) 18 537 (84.7) 33 711 (84.6)

        Separated, divorced or widowed 623 (3.5) 1462 (6.7) 2085 (5.2)

Education, n (%)*

        Primary school and lower 3865 (21.5) 8114 (37.1) 11 979 (30.1)

        Junior or senior high school 10 045 (55.9) 10 059 (46.0) 20 104 (50.4)

        College and higher 4054 (22.6) 3703 (16.9) 7757 (19.5)

Occupation, n (%)*

        Manual labourers 9090 (50.6) 10 002 (45.7) 19 092 (47.9)

        Service staff 1002 (5.6) 1474 (6.7) 2476 (6.2)

        Mental labourers 3501 (19.5) 2876 (13.1) 6377 (16.0)

        Unemployed and retired people 4371 (24.3) 7524 (34.4) 11 895 (29.9)

Annual family income, n (%)*

        Lower 4420 (24.6) 5978 (27.4) 10 398 (26.1)

        Middle 7580 (42.2) 9352 (42.7) 16 932 (42.5)

        Higher 5964 (33.2) 6546 (29.9) 12 510 (31.4)

Residence, n (%)*

        Urban 7845 (43.7) 8456 (38.7) 16 301 (40.9)

        Rural 10 119 (56.3) 13 420 (61.3) 23 539 (59.1)

Physical activity, n (%)*

        Insufficient 12 247 (68.2) 13 128 (60.0) 25 375 (63.7)

        Sufficient 5717 (31.8) 8748 (40.0) 14 465 (36.3)

Dietary habits, n (%)*

        Unhealthy 13 082 (72.8) 16 283 (74.4) 29 365 (73.7)

        Healthy 4882 (27.2) 5593 (25.6) 10 475 (26.3)

BMI, kg/m2, mean (SD)* 23.6±3.0 23.2±3.3 23.4±3.2

SBP, mm Hg, mean (SD)* 125.1±14.7 121.8±16.8 123.3±16.0

DBP, mm Hg, mean (SD)* 80.1±9.3 77.6±9.7 78.7±9.6

FPG, mmol/L, mean (SD) 5.3±1.3 5.3±1.3 5.3±1.3

TC, mmol/L, mean (SD)† 4.7±1.7 4.5±1.5 4.6±1.3

TG, mmol/L, mean (SD)* 1.6±0.6 1.4±0.5 1.5±0.9

*p<0.01 when comparing men with women.
†p<0.05 when comparing men with women.
BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; SBP, systolic blood pressure; TC, total cholesterol; TG, 
triglycerides.
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with the increasing level of education and family income 
(all p<0.001). The prevalence of hypertension, diabetes 
and dyslipidaemia was the highest in unemployed and 
retired people (all p<0.001). Moreover, the prevalence of 
hypertension, diabetes and dyslipidaemia was greater in 
rural areas than in urban areas (tables 2 and3).

Overall, 34.7, 30.1%, 20.8%, 10.6%, 3.3% and 0.5% 
of Nanjing adults had zero, one, two, three, four and 
five risk factors, respectively. In total 65.3% and 35.2% 
of the population had at least one or at least two CVD 

risk factors. There were 23.4% and 46.8% of men and 
women having no risk factor, respectively. In contrast, 
31.4% and 45.2% of men, and 28.7% and 24.6% of 
women had one and at least two of these risk factors, 
respectively. The weighted prevalence of at least 
two risk factors was higher in men than in women 
(p <0.001). The prevalence of  at least two CVD risk 
factors increased with age for the overall population 
of both genders (all p <0.001). Regardless of men and 
women, there was a decreasing trend towards CVD risk 

Table 2 The weighted prevalence (95% CI) of five major cardiovascular disease (CVD) risk factors by relevant characteristics

Category Hypertension Diabetes Dyslipidaemia
Overweight or 
obesity Smoking

Total 23.9 (23.5 to 24.3) 6.2 (6.0 to 6.4) 28.9 (28.5 to 29.3) 35.6 (35.1 to 36.1) 24.5 (24.1 to 24.9)

Gender

        Men 25.4 (24.8 to 26.0) 6.2 (5.8 to 6.6) 31.5 (30.8 to 32.2) 39.6 (38.9 to 40.3) 46.1 (45.4 to 46.8)

        Women 22.2 (21.6 to 22.8) 6.1 (5.8 to 6.4) 26.2 (25.6 to 26.8) 31.4 (30.8 to 32.0) 1.5 (1.3 to 1.7)

        P value <0.001 >0.05 <0.001 <0.001 <0.001

Age group, years

        18–34 5.3 (4.9 to 5.7) 1.6 (1.4 to 1.8) 19.0 (18.3 to 19.7) 21.8 (21.0 to 22.6) 16.6 (15.9 to 17.3)

        35–59 27.7 (27.1 to 28.3) 6.9 (6.5 to 7.3) 34.4 (33.7 to 35.1) 44.5 (43.8 to 45.2) 31.8 (31.1 to 32.5)

        ≥60 56.8 (55.9 to 57.7) 14.8 (14.1 to 15.5) 38.0 (37.1 to 38.9) 45.6 (44.7 to 46.5) 24.3 (23.5 to 25.1)

        P value <0.001 <0.001 <0.001 <0.001 <0.001

Marriage

        Single 6.4 (5.6 to 7.2) 1.9 (1.5 to 2.3) 17.6 (16.4 to 18.8) 16.9 (15.7 to 18.1) 14.1 (13.0 to 15.2)

        Married or living with a 
partner

26.9 (26.4 to 27.4) 6.9 (6.6 to 7.2) 31.7 (31.2 to 32.2) 40.2 (39.7 to 40.7) 27.5 (27.0 to 28.0)

        Separated to divorced, or 
widowed

51.0 (48.9 to 53.1) 12.2 (10.8 to 13.6) 32.7 (30.7 to 34.7) 42.0 (39.9 to 44.1) 18.9 (17.2 to 20.6)

        P value <0.001 <0.001 <0.001 <0.001 <0.001

Education

        Primary school and lower 42.8 (41.9 to 43.7) 10.9 (10.3 to 11.5) 33.9 (33.1 to 34.7) 45.6 (44.7 to 46.5) 20.2 (19.5 to 20.9)

        Junior or senior high school 22.8 (22.2 to 23.4) 5.8 (5.5 to 6.1) 30.1 (29.5 to 30.7) 37.2 (36.5 to 37.9) 29.8 (29.2 to 30.4)

        College and higher 10.2 (9.5 to 10.9) 2.9 (2.5 to 3.3) 22.5 (21.6 to 23.4) 24.4 (23.4 to 25.4) 17.8 (16.9 to 18.7)

        P value <0.001 <0.001 <0.001 <0.001 <0.001

Occupation

        Manual labourers 24.8 (24.2 to 25.4) 5.8 (5.5 to 6.1) 29.5 (28.9 to 30.1) 38.2 (37.5 to 38.9) 29.4 (28.8 to 30.0)

        Service staff 12.4 (11.1 to 13.7) 3.5 (2.8 to 4.2) 26.6 (24.9 to 28.3) 31.6 (29.8 to 33.4) 23.8 (22.1 to 25.5)

        Mental labourers 12.9 (12.1 to 13.7) 3.2 (2.8 to 3.6) 24.5 (23.4 to 25.6) 30.7 (29.6 to 31.8) 26.0 (24.9 to 27.1)

        Unemployed and retired 
people

32.9 (32.1 to 33.7) 9.6 (9.1 to 10.1) 31.7 (30.9 to 32.5) 35.8 (34.9 to 36.7) 15.3 (14.7 to 15.9)

        P value <0.001 <0.001 <0.001 <0.001 <0.001

Annual family income 

        Lower 35.1 (34.2 to 36.0) 8.9 (8.4 to 9.4) 34.9 (34.0 to 35.8) 42.5 (41.5 to 43.5) 29.1 (28.2 to 30.0)

        Middle 21.7 (21.1 to 22.3) 5.9 (5.5 to 6.3) 31.3 (30.6 to 32.0) 37.0 (36.3 to 37.7) 25.9 (25.2 to 26.6)

        Higher 17.4 (16.7 to 18.1) 4.8 (4.4 to 5.2) 26.4 (25.6 to 27.2) 33.4 (32.6 to 34.2) 22.2 (21.5 to 22.9)

        P value <0.001 <0.001 <0.001 <0.001 <0.001

Residence

        Urban 23.6 (22.9 to 24.3) 5.9 (5.5 to 6.3) 28.4 (27.7 to 29.1) 35.4 (34.7 to 36.1) 24.7 (24.0 to 25.4)

        Rural 24.0 (23.5 to 24.5) 6.5 (6.2 to 6.8) 29.3 (28.7 to 29.9) 35.8 (35.2 to 36.4) 24.3 (23.8 to 24.8)

        P value <0.05 <0.01 <0.01 >0.05 >0.05
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factor clustering with increasing levels of education 
and yearly family income (all p<0.001). In addition, the 
clustering of CVD risk factors was higher among unem-
ployed and retired people, and those with insufficient 
PA or unhealthy diets compared with their counter-
parts, respectively (all p <0.001) (tables 4 andTable 5).

The combinations of dyslipidaemia/overweight 
or obesity, hypertension/overweight or obesity, and 
current smoking/overweight or obesity were the three 
most common of all two risk factors clustering; the 
proportions were 22.4%, 20.5% and 18.2%, respec-
tively. Moreover, the clustering of hypertension/dyslip-
idaemia/overweight or obesity, and the clustering of 
hypertension/dyslipidaemia/overweight or obesity/
current smoking were the most frequent among combi-
nations of three or four risk factors; their proportions 
were 32.6% and 58.0%, respectively.

As shown in table 6, the multinomial logistic regres-
sion analysis showed that men, the elderly, rural resi-
dents, participants who had lower levels of SES or 
those who had lost a life partner, and those with insuf-
ficient PA or unhealthy diets were more likely to have 
one or at least two CVD risk factors compared with 
women, the young, urban residents, participants who 
had higher levels of SES or were single, and those with 
sufficient PA or healthy diets, respectively.

DIsCussIOn
With economic development and urbanisation changes in 
lifestyle behaviours, China has experienced a rapid increase 
in the prevalence of CVD and its related risk factors. To our 
knowledge, the present study is the first study to estimate 
the up-to-date prevalence and clustering of major CVD risk 
factors among a large representative sample of the Nanjing 
adult population from eastern China.

In this community-based cross-sectional study, we found 
that the prevalence of overweight or obesity, dyslipidaemia, 
and smoking were ranked as the top three CVD risk factors 
in the general population. The most prominent risk factor 
among men and women was smoking and overweight or 
obesity, respectively. The prevalence of overweight or 
obesity in our study was much lower than that observed 
in the nationwide population34 and some other regional 
studies,4 35 but our findings were close to a recent Tibetan 
population study.3 Moreover, the prevalence of dyslip-
idaemia was significantly lower than the national level in 
a recent cross-sectional study.36 The present study showed 
that the prevalence of smoking was lower than that in the 
China Global Adults Tobacco Survey of 2010.37 Addition-
ally, the prevalence of these CRFs among Nanjing adults 
was similar to that in other developed Asian countries,17 18 
but was lower than in developing countries.14 15

Emerging evidence revealed that the synergistic effect 
of CVD risk factor clustering was associated with a higher 
risk of developing preclinical CVD and CVD events.38 39 
Previous studies confirmed that the clustering of CRFs 
had more harmful cardiovascular effects than a single C

at
eg

o
ry

H
yp

er
te

ns
io

n
D

ia
b

et
es

D
ys

lip
id

ae
m

ia
O

ve
rw

ei
g

ht
 o

r 
o

b
es

it
y

S
m

o
ki

ng

M
en

W
o

m
en

M
en

W
o

m
en

M
en

W
o

m
en

M
en

W
o

m
en

M
en

W
o

m
en

 
       H

ig
he

r
19

.0
 (1

8.
0 

to
 

20
.0

)
15

.6
 (1

4.
7 

to
 

16
.5

)
4.

9 
(4

.4
 t

o 
5.

4)
4.

6 
(4

.1
 t

o 
5.

1)
29

.8
 (2

8.
7 

to
 

30
.9

)
24

.6
 (2

3.
6 

to
 2

5.
6)

38
.8

 (3
7.

6 
to

 4
0.

0)
25

.4
 (2

4.
4 

to
 2

6.
4)

43
.0

 (4
1.

8 
to

 4
4.

2)
0.

9 
(0

.7
 t

o 
1.

1)

 
       P

 v
al

ue
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1
<

0.
00

1

R
es

id
en

ce

 
       U

rb
an

24
.5

 (2
3.

6 
to

 
25

.4
)

22
.6

 (2
1.

7 
to

 
23

.5
)

6.
3 

(5
.8

 t
o 

6.
8)

5.
6 

(5
.1

 t
o 

6.
1)

30
.4

 (2
9.

4 
to

 
31

.4
)

26
.1

 (2
5.

2 
to

 2
7.

0)
40

.5
 (3

9.
4 

to
 4

1.
6)

29
.2

 (2
8.

2 
to

 3
0.

2)
43

.8
 (4

2.
7 

to
 4

4.
9)

1.
5 

(1
.2

 t
o 

1.
8)

 
       R

ur
al

26
.1

 (2
5.

3 
to

 
26

.9
)

22
.0

 (2
1.

3 
to

 
22

.7
)

6.
2 

(5
.7

 t
o 

6.
7)

6.
9 

(6
.5

 t
o 

7.
3)

32
.3

 (3
1.

4 
to

 
33

.2
)

26
.4

 (2
5.

7 
to

 2
7.

1)
38

.9
 (3

8.
0 

to
 3

9.
8)

32
.8

 (3
2.

0 
to

 3
3.

6)
48

.0
 (4

7.
0 

to
 4

9.
0)

1.
5 

(1
.3

 t
o 

1.
7)

 
       P

 v
al

ue
<

0.
01

>
0.

05
>

0.
05

<
0.

01
<

0.
01

>
0.

05
>

0.
05

<
0.

01
<

0.
00

1
>

0.
05

Ta
b

le
 3

 
C

on
tin

ue
d

 



8 Hong X, et al. BMJ Open 2018;8:e020530. doi:10.1136/bmjopen-2017-020530

Open access 

risk factor.4 6 9–12 Risk for CVD and all-cause mortality 
increased substantially with each additional risk factor. 
Data from the First National Health and Nutrition 
Examination Surveys Epidemiologic Follow-up Study 
showed that more than 50% of the incidence of coro-
nary heart disease, stroke and all-cause mortality was 
attributable to having one risk factor, while the attribut-
able risk was more than 70% for participants with three 
risk factors.40 Therefore, assessment of CVD risk factor 
clustering is crucial to identify a high-risk population.

In the present study, 34.7%, 30.1% and 35.2% of 
participants had zero, one, and two or more major 

CRFs, respectively, among residents aged ≥18 years. A 
higher level of clustering of the five CVD risk factors 
was found in the general Chinese population over the 
last decade. In a nationally representative sample of 46 
239 adults aged ≥20 years from the 2007–2008 China 
National Diabetes and Metabolic Disorders Study, the 
proportions of respondents with zero, one and at least 
two CVD risk factors were 13.5%, 31.2% and 55.3%, 
respectively.41 In another national study of 23 010 
Chinese adults ≥18 years from the 2007–2011 Chinese 
Physiological Constant and Health Condition, 29.7%, 
30.0% and 40.3% of participants had zero, one and at 

Table 4 The weighted prevalence (95% CI) with different numbers of cardiovascular disease (CVD) risk factors

Category None (0) Single (1) Clustering (≥2) P value

Total 34.7 (34.2 to 35.2) 30.1 (29.6 to 30.6) 35.2 (34.7 to 35.7)

Gender <0.001

    Men 23.4 (22.8 to 24.0) 31.4 (30.7 to 32.1) 45.2 (44.5 to 45.9)

    Women 46.8 (46.1 to 47.5) 28.7 (28.1 to 29.3) 24.6 (24.0 to 25.2)

Age group, years <0.001

    18–34 55.2 (54.2 to 56.2) 29.8 (28.9 to 30.7) 15.0 (14.3 to 15.7)

    35–59 24.4 (23.8 to 25.0) 31.1 (30.5 to 31.7) 44.5 (43.8 to 45.2)

    ≥60 13.3 (12.7 to 13.9) 28.3 (27.4 to 29.2) 58.4 (57.5 to 59.3)

Marriage <0.001

    Single 59.8 (58.3 to 61.3) 27.4 (26.0 to 28.8) 12.8 (11.8 to 13.8)

    Married or living with a partner 29.0 (28.5 to 29.5) 30.8 (30.3 to 31.3) 40.2 (39.7 to 40.7)

    Separated to divorced, or widowed 19.0 (17.3 to 20.7) 30.2 (28.2 to 32.2) 50.8 (48.7 to 52.9)

Education <0.001

    Primary school and lower 20.8 (20.1 to 21.5) 30.9 (30.1 to 31.7) 48.4 (47.5 to 49.3)

    Junior or senior high school 32.4 (31.8 to 33.0) 30.3 (29.7 to 30.9) 37.3 (36.6 to 38.0)

    College and higher 50.8 (49.7 to 51.9) 29.0 (28.0 to 30.0) 20.2 (19.3 to 21.1)

Occupation <0.001

    Manual labourers 31.0 (30.3 to 31.7) 30.6 (29.9 to 31.3) 38.4 (37.7 to 39.1)

    Service staff 41.4 (39.5 to 43.3) 31.8 (30.0 to 33.6) 26.8 (25.1 to 28.5)

    Mental labourers 42.4 (41.2 to 43.6) 31.0 (29.9 to 32.1) 26.6 (25.5 to 27.7)

    Unemployed and retired people 34.0 (33.1 to 34.9) 28.0 (27.2 to 28.8) 38.0 (37.1 to 38.9)

Family income yearly <0.001

    Lower 23.1 (22.3 to 23.9) 28.0 (27.1 to 28.9) 46.8 (45.8 to 47.8)

    Middle 33.8 (33.1 to 34.5) 31.2 (30.5 to 31.9) 35.0 (34.3 to 35.7)

    Higher 36.6 (35.8 to 37.4) 30.8 (30.0 to 31.6) 32.6 (31.8 to 33.4)

Residence >0.05

    Urban 34.8 (34.1 to 35.5) 30.3 (29.6 to 31.0) 35.0 (34.3 to 35.7)

    Rural 34.7 (34.1 to 35.3) 29.9 (29.3 to 30.5) 35.4 (34.8 to 36.0)

Physical activity <0.05

    Insufficient 34.0 (33.4 to 34.6) 30.5 (30.0 to 31.1) 35.5 (34.9 to 36.1)

    Sufficient 36.2 (35.4 to 37.0) 29.2 (28.5 to 29.9) 34.6 (33.8 to 35.4)

Dietary habits <0.05

    Unhealthy 34.7 (34.2 to 35.2) 29.6 (29.1 to 30.1) 35.7 (35.2 to 36.2)

    Healthy 34.9 (34.0 to 35.8) 31.4 (30.5 to 32.3) 33.6 (32.7 to 34.5)
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least two CRFs, respectively.6 Compared with these two 
national studies mentioned above,6 41 Nanjing residents 
had a lower proportion of two or more CVD risk factors 
and a higher proportion of no risk factor.

Our results were similar to other related studies in 
China.12 42 Among 46 683 Chinese from the 2009–2010 
China National Survey of chronic kidney disease, the preva-
lence of having at least two risk factors was 36.2%.12 Overall, 
30.9%, 36.4% and 32.7% of participants had zero, one and 
at least two CRFs, respectively, in 37 141 adults ≥18 years in 
a healthy screening population of Changchun in the Jilin 
Province of North-East China.42 Unfortunately, since these 
two studies did not include current smoking as a CVD risk 
factor, the clustering of CVD risk factors may underesti-
mate the actual value. We also found that the clustering of 
dyslipidaemia/overweight or obesity, hypertension/dyslip-
idaemia/overweight or obesity, and hypertension/dyslip-
idaemia/overweight or obesity/current smoking were the 
most common among combinations of two, three and four 
risk factors, respectively.

Clustering of CVD risk factors has also been observed in 
other Asian countries that have experienced rapid socio-
economic growth like China.15–18 Clustering of three or 
more CVD risk factors was presented 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 The proportions of adults with two, three and 
at least four risk factors were 23.1%, 15.5% and 8.4%, 
respectively, in South-Western Nigeria.16 A total of 78.6% 
subjects had two or more risk factors in different parts of 
India.15

Our study showed that men and the elderly were more 
likely to have two or more CVD risk factors compared 
with women and the young, in accordance with other 
previous studies.3 4 6 7 10 11 The gender disparities may be 
due to the fact that Chinese men assume more respon-
sibility in society, tend to smoke more cigarettes and be 
more susceptible to psychological stress than women. In 
contrast, 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, the sex discrepancy in CVD risk factor 
clustering does not exist in other economically developed 
countries. In both South Korea and Malaysia,17 18 the prev-
alence of obesity in women was significantly higher than 
in men, and clustering of CRFs was more common in 
women. The result that the clustering of CVD risk factors 
increased progressively with age may attribute to the 
increasing prevalence of each risk factor with age. Our 
data showed that the clustering of CVD risk factors was 
more common in rural areas than in urban areas, incon-
sistent with other previous studies.5 9 Urban-rural differ-
ences may be explained by the rapid urbanisation of rural 
areas, and the improvement of the healthcare system and 
health conditions in urban areas in China.

Our study demonstrated that the level of SES was nega-
tively associated with CVD risk factor clustering. As the 
level of SES increased, the number of CVD risk factors C
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decreased, which was consistent with other reports.3 4 8 12 
Socioeconomic inequalities may have unequal access to 
the knowledge of chronic disease control and preven-
tion, healthcare services and medical resources. Socio-
economic disparities may eventually lead to health 
behaviours inequality with various SES levels.

The present study also showed that insufficient PA and 
unhealthy diets were positively associated with the clus-
tering of CVD risk factors. Unhealthy lifestyle behaviours 
were still prevalent in Nanjing, in line with other domestic 
studies.43 44 Unhealthy lifestyle behaviours may play an 

important role in the process of atherosclerosis by leading 
to physiological changes.45 46 Lifestyle modification was 
the most important strategy in preventing CVD risk 
factors under the supervision of the government. In 2012, 
the blueprint for non-communicable diseases (NCDs) 
prevention and control in China (2012–2015) issued 
by 15 multispectral ministries including the Ministry of 
National Health and Family Planning was implemented, 
which promoted a  nationwide healthy lifestyle initia-
tive. A new operating paradigm for NCD prevention and 
control has been formed, featuring the government’s 

Table 6 The multinomial logistic analysis of the cardiovascular disease (CVD) risk factor clustering

Category

Single (1) Clustering (≥2)

OR 95% CI P value OR 95% CI P value

Gender

  Women 1 - - 1 - -

  Men 2.826 2.600 to 3.071 <0.001 5.624 5.167 to 6.121 <0.001

Age group, years

  18–34 1 - -

  35–59 1.956 1.774 to 2.156 <0.001 4.470 4.010 to 4.982 <0.001

  ≥60 2.462 2.143 to 2.829 <0.001 7.629 6.615 to 8.800 <0.001

Marriage

  Single 1 - -

  Married or living with a partner 1.765 1.550 to 2.010 <0.001 2.315 1.987 to 2.697 <0.001

  Separated, divorced or widowed 1.741 1.381 to 2.194 <0.001 2.506 1.978 to 3.175 <0.001

Education

  College and higher 1 - - 1 - -

  Junior or senior high school 1.447 1.296 to 1.616 <0.001 1.784 1.583 to 2.011 <0.001

  Primary school and lower 2.012 1.739 to 2.328 <0.001 2.736 2.354 to 3.180 <0.001

Occupation

  Mental labourers 1 - - 1 - -

  Manual labourers 0.969 0.863 to 1.089 0.600 1.082 0.956 to 1.224 0.213

  Service staff 0.967 0.819 to 1.142 0.692 0.909 0.756 to 1.094 0.312

  Unemployed and retired people 1.035 0.912 to 1.174 0.594 1.339 1.173 to 1.529 <0.001

Annual family income 

  Higher 1 - - 1 - -

  Middle 0.988 0.903 to 1.080 0.784 0.944 0.861 to 1.035 0.217

  Lower 1.116 0.998 to 1.249 0.055 1.185 1.060 to 1.326 <0.001

Residence

  Urban 1 - - 1 - -

  Rural 1.147 1.050 to 1.253 <0.001 1.235 1.131 to 1.348 <0.001

Physical activity

  Sufficient 1 - - 1 - -

  Insufficient 1.057 0.977 to 1.144 0.166 1.098 1.014 to 1.189 <0.05

Dietary habits

  Healthy 1 - - -

  Unhealthy 1.020 0.935 to 1.112 0.657 1.312 1.203 to 1.430 <0.001

A multivariate logistic regression model was used to estimate ORs with 95% CIs, and all other factors were adjusted when ORs with 95% CIs 
of each variable were estimated.
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leading role, multisectoral coordination, social mobilisa-
tion and extensive participation.

In the Health Nanjing 2030 programme, the Nanjing 
Municipal Health and Family Planning Commission 
has stated strong support for four main NCDs (CVD, 
diabetes, cancer and chronic respiratory disease) 
prevention and control, and is planning a corre-
sponding regional health policy. First, only 18 cities have 
legislated to ban smoking in public areas at present, 
not including Nanjing city. The implementation of 
the smoking ban in public places will be promoted, 
and complete smoke-free indoor public places is gradu-
ally being accomplished in Nanjing. By 2020, all of the 
schools, party and government organisations, enter-
prises and institutions, medical and health agencies are 
required to be smoke-free. The overall smoking rate 
over 15 years of age will drop to 20.0% in 2030. Second, 
the physical fitness awareness of all residents in Nanjing 
will be further enhanced; the physical quality and 
health level of people will be continuously improved by 
2030. All communities or villages will provide practical 
basic public sports and fitness facilities, and an urban-
rural ‘15 min fitness circle’ shall be completely formed. 
Meanwhile, it is required to make efforts to provide free 
or low-cost sports fields and facilities, and public sports 
facilities and sports grounds of schools meeting condi-
tions shall be 100% open to the public. Third, healthy 
nutrient products should be available to the public, 
especially green, organic, pollution-free and protein-
rich foods. Nutrition and health knowledge should be 
spread and popularised. The use of salt, oil and sugar 
in processed foods should be controlled and reduced. 
The daily intake of salt in 2030 will be reduced relatively 
by 20% from the 2011 level in Nanjing.47 Final, more 
behaviour modification efforts are required to achieve 
CVD risk factor reduction. The effectively primary, 
secondary and tertiary prevention of CVD risk factors 
can substantially decrease the risk of developing CVD.

An advantage of the present study was that the results 
were based on a community-based study with a large 
representative sample of residents in Nanjing, which 
ensured sufficient power for calculation of regional esti-
mates. Additionally, the high-quality study design and 
implementation with a high response rate, application 
of standard protocols and instruments, data collection 
by trained interviewers, and vigorous quality control 
throughout the survey period, in all the above ensured 
the validity of our self-reported data.

Our study also had several limitations. First, the 
cross-sectional design cannot determine the causality 
or temporal relationship between the clustering of 
CVD risk factors and CVD. However, previous studies 
demonstrated that these risk factors were more likely 
to develop CVD events in Chinese adults.48 Second, 
the oral glucose tolerance test was not performed in 
the present study, which could underestimate the prev-
alence of diabetes. Third, the information on current 
smoking status was based on self-report, which could be 

subject to reporting bias. Moreover, those who smoked 
one cigarette per day irregularly or less than 18 packs in 
total each year were not included in current smokers. 
Therefore, the prevalence of current smoking may be 
under-reported. Final, the mean of the second and 
third BP measurements in single-visit BP measurements 
was calculated for analyses, which could overestimate 
the prevalence of hypertension.

In summary, this cross-sectional study provides a 
regional prevalence and clustering of CVD risk factors 
in Nanjing, and fills the information gap in this region. 
Our analyses indicate that men, elderly people, rural 
residents and participants with lower levels of SES or 
unhealthy lifestyle behaviours are susceptible to CVD 
modifiable risk factor clustering, known as high-risk 
groups. It is important to focus on the prevention of 
CVD risk factors among the overall population and 
especially the vulnerable population in China. Conse-
quently, the Nanjing government has developed effec-
tive public health policies at the regional level, such 
as avoidance or cessation of smoking in public areas, 
popularising scientific knowledge, enhancing the 
public’s health awareness, organising health promo-
tion programmes, producing healthy nutrient foods, 
providing free or low-cost public sports facilities and 
fitness facilities, strengthening major chronic diseases 
prevention and control, and improving the medical 
service system and basic public health service, to reduce 
the prevalence and clustering of CVD risk factors.
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