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ABSTRACT

Background: We calculated new prevalences of risk factors for cardiovascular disease (CVD) and examined their
associations with dietary habits and physical activity in a suburban area of Beijing—one of the most urbanized cities
in China.
Methods: In 2007, a cross-sectional survey of a representative sample of 19 003 suburban residents aged 18 to 76
years was conducted. Dietary and anthropometric data were collected by questionnaire, and blood pressure, fasting
blood glucose, and serum lipids were measured.
Results: The age-standardized prevalences of the CVD risk factors overweight/obesity, diabetes, hypertension,
dyslipidemia, and metabolic syndrome (MS) were 31.9%, 6.1%, 33.6%, 30.3%, and 11.6%, respectively. The
adjusted odd ratios (95% confidence interval [CI]) of overweight/obesity, diabetes, hypertension, dyslipidemia, and
MS for participants who were physically active, as compared with those who were not physically active, were 0.67
(0.47 to 0.85), 0.87 (0.80 to 0.95), 0.92 (0.87 to 0.98), 0.89 (0.82 to 0.96), and 0.74 (0.62 to 0.89), respectively. The
adjusted odds ratios (95% CI) of hypertension and MS for participants with a high intake of salt, as compared with
those without a high intake of salt, were 1.72 (1.29 to 2.03) and 1.48 (1.16 to 1.77), respectively. In addition,
participants who consumed a high-fat diet were more likely to be overweight/obese and dyslipidemic, whereas
vegetarians had less risk of overweight/obesity, diabetes, hypertension, dyslipidemia, and MS.
Conclusions: In this population of adults living in suburban Beijing, there were relatively high prevalences of the
CVD risk factors overweight/obesity, diabetes, hypertension, dyslipidemia, and MS. Healthy dietary habits and
physical activity may reduce the risks of these conditions.
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INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of
mortality worldwide. China and other economically
developing countries have experienced a CVD epidemic in
recent decades.1 Furthermore, CVD morbidity and mortality
are predicted to increase in China during the next 20 years.2

Overweight/obesity is an important modifiable risk factor
for CVD.3 Diabetes, hypertension, and dyslipidemia are
independent risk factors for mortality from CVD and all-
cause mortality.4–6 In recent years, the clustering of risk
factors, including hyperglycemia, hypertension, hypertri-
glyceridemia, low high-density lipoprotein cholesterol, and
overweight/obesity, has been referred to as metabolic
syndrome (MS). MS is strongly associated with an increased

risk of CVD, and this relation is now widely recognized.7–9

With economic growth and the urbanization of lifestyle and
diet, suburban residents of Beijing are now experiencing a
rapid increase in the prevalence and burden of CVD and other
chronic diseases. To provide new data for policy planners and
health education programs, we estimated the prevalences of
CVD risk factors and examined their associations with dietary
habits and physical activity in a population from suburban
Beijing.

METHODS

Study population
A cross-sectional population survey of CVD, other chronic
diseases, and related health behaviors was carried out using a
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3-stage stratified sampling method. First, 5 towns were
randomly selected in the suburbs of Beijing; these towns
comprised 76 villages/street districts. Next, 30 of these 76
villages/street districts were randomly selected. Finally, a total
of 20 655 people aged 18 to 76 years were randomly selected
from the 30 districts and invited to participate. A total of
19 003 people (7148 men and 11 855 women) completed the
survey and examination. The overall response rate was 92.0%
(89.7% of men and 92.9% of women).

The study was approved by an ethics committees and other
relevant regulatory bodies in Beijing, and informed consent
was obtained from every participant before data collection.
Participants with untreated conditions identified during the
examination were referred to a primary health-care provider.

Data collection
Data collection was conducted in a health center or
community clinic in the participant’s residential area. During
a study visit, trained research staff used a standardized
questionnaire to collect information on the subject’s age, sex,
education, medical history, family history, physical activity,
alcohol use, dietary habits, and cigarette smoking.

Blood pressure and anthropometric measurements
Blood pressure was measured 3 times with participants in a
seated position, after at least 5 minutes of rest, using a
calibrated mercury sphygmomanometer. One of 4 cuff sizes
(pediatric, and adult regular, large, and thigh) was chosen
based on the participant’s arm circumference.10 Participants
were advised to avoid cigarette smoking, alcohol, caffeinated
beverages, and exercise for at least 30 minutes before
measurement. Body weight and height were measured twice
during the interview. With each participant wearing light
indoor clothing without shoes, weight was measured to the
nearest 0.1 kg on electronic scales placed on a firm, level
surface. A wall-mounted stadiometer was used to measure
height, without shoes, to the nearest 0.1 cm.

Laboratory measurements
Overnight fasting blood specimens were collected by
venipuncture for measurement of serum lipids and plasma
glucose. Participants who had not fasted were asked to visit
centers again when their fasting time was longer than 10
hours. Blood specimens were centrifuged and plasma was
stored at −80°C until laboratory assay. Plasma glucose was
measured using a modified hexokinase enzymatic method
(Hitachi automatic clinical analyzer, model 7060, Japan).
Concentrations of total cholesterol (TC), high-density
lipoprotein (HDL) cholesterol, and triglycerides (TG)
were assessed enzymatically with commercially available
reagents.11 Lipid measurements were standardized according
to the guidelines of the Centers for Disease Control and
Prevention—National Heart, Lung, and Blood Institute
Lipid Standardization Program.12 The concentration of

low-density lipoprotein (LDL) cholesterol was calculated by
using the Friedewald equation (LDL cholesterol = TC − HDL
cholesterol − TG/5) for participants with a TG level lower
than 4.5mmol/L.13

Criteria for data interpretation
Body mass index (BMI) was calculated as body weight in
kilograms divided by the square of the height in meters.
Overweight/obesity was defined as a BMI ≥25.
Diabetes was defined as a fasting plasma glucose (FPG)

level ≥7.0mmol/L or self-reported current treatment with
antidiabetic medication (insulin or oral hypoglycemic
agents).14

Hypertension was defined as an average (calculated from 3
measurements) systolic blood pressure (SBP) ≥140mmHg, an
average diastolic blood pressure (DBP) ≥90mmHg, or self-
reported current treatment with antihypertensive medication
for hypertension.15

Dyslipidemia was defined as self-reported current treatment
with a cholesterol-lowering medication or meeting at least
1 of the following criteria: total cholesterol ≥5.2mmol/L,
triglycerides ≥1.7mmol/L, HDL cholesterol <1.0mmol/L, or
LDL cholesterol ≥3.4mmol/L.12

The definition and criteria for MS recommended by the
China Diabetes Society (CDS) were used in this study.16

MS was defined as the presence of 3 or more of the follow-
ing risk factors: BMI ≥25; serum triglyceride concentration
≥1.7mmol/L or HDL cholesterol concentration <0.9mmol/L
in men or <1.0mmol/L in women; blood pressure ≥140/
90mmHg or treatment of hypertension; and serum glucose
concentration ≥6.1mmol/L or treatment of diabetes.
A high-salt diet was defined as an average salt intake ≥12

grams per day (as determined by using weighed food records),
which exceeds the average intake of the Chinese population as
indicated in the China National Nutrition and Health Survey
(CNNS) in 2002.17 A high-sugar diet was defined as sweet
and dessert intake ≥3 times/week (as determined by food
frequency questionnaire). A high-fat diet was defined as an
average edible oil intake ≥42 grams per day (as determined by
using weighed food records), which exceeds the average
intake of the Chinese population.17

A vegetarian was defined as a person who does not eat
meat, as determined by the questionnaire.

Statistical analysis
Data were analyzed using SAS (version 9.1, 2005, SAS
Institute Inc, Cary, NC), and were standardized to the age
distribution of Chinese adults in the year 2000. Descriptive
statistics were computed for all variables, including means for
continuous variables, frequencies for categorical variables,
and standard error of the mean. Odds ratios (ORs) with 95%
confidence intervals (CIs) adjusted for age, sex, smoking,
drinking, and other potential confounders were calculated by
multivariate logistic regression to estimate the association of
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CVD risk factors with dietary habits and physical activity.
Differences in continuous variables were tested using the t test
for independent samples; prevalence values for categorical
variables were compared using the χ2 test and the trend χ2 test
for proportions. Statistical significance was established at
P < 0.05.

RESULTS

The general characteristics of the study participants are shown
in Table 1. The average age of the participants was 48.0 (95%
CI, 46.5 to 49.6) years. The average age of men (47.7, 45.3 to
49.1) and women (48.2, 46.9 to 49.8) did not significantly
differ (P > 0.05). Men had a higher body weight, SBP, DBP,
and TG (P < 0.01 for all comparisons); women had a higher
FPG, TC, LDL cholesterol, and HDL cholesterol (P < 0.05 for
all comparisons).

The age-standardized prevalences of overweight/obesity,
diabetes, hypertension, dyslipidemia, and MS were 31.9%,

6.1%, 33.6%, 30.3%, and 11.6%, respectively (Table 2).
The prevalences of overweight/obesity, hypertension,
dyslipidemia, and MS were higher in men than in women
(P < 0.01 for all comparisons). However, the prevalence of
diabetes was higher in women than in men (P < 0.01). The
prevalences of diabetes, hypertension, and MS increased with
age among both men and women (P for trend <0.01 for all). In
both sexes, the prevalence of overweight/obesity increased
in participants younger than 50 years, and decreased in
participants older than 50 years (P for trend, <0.01 for both).
The prevalence of dyslipidemia rose with increasing age in
women (P for trend, <0.01), and decreased with increasing
age in men older than 50 years (P for trend <0.01).
Table 3 shows the prevalences of CVD risk factors

with respect to physical activity and dietary habits. As
compared with inactive participants, those who were
physically active >30 minutes/session and >3 times/week
had lower prevalences of overweight/obesity (28.3% vs
34.7%), diabetes (5.0% vs 6.9%), hypertension (31.4% vs

Table 1. General characteristics of the study participants, expressed as means (95% CI)

Characteristics Total (n = 19003) Men (n = 7148) Women (n = 11855) P

Age (years) 48.0 (46.5–49.6) 47.7 (45.3–49.1) 48.2 (46.9–49.8) >0.05
Weight (kg) 68.0 (66.7–69.4) 74.1 (72.2–75.6) 64.5 (63.3–65.9) <0.01
BMI (kg/m2) 23.7 (23.2–24.3) 23.8 (23.2–24.4) 23.6 (23.1–24.2) >0.05
SBP (mmHg) 127.9 (125.5–130.3) 129.5 (127.0–131.7) 127.0 (124.6–129.9) <0.01
DBP (mmHg) 83.7 (82.1–85.4) 84.5 (82.9–86.3) 80.5 (78.8–82.2) <0.01
FPG (mmol/l) 5.60 (5.49–5.72) 5.56 (5.45–5.67) 5.66 (5.53–5.78) <0.01
TC (mmol/L) 4.76 (4.65–4.86) 4.74 (4.64–4.85) 4.78 (4.67–4.89) 0.02
TG (mmol/L) 1.61 (1.57–1.68) 1.67 (1.62–1.73) 1.58 (1.54–1.63) <0.01
HDL-C (mmol/L) 1.37 (1.33–1.42) 1.34 (1.30–1.36) 1.39 (1.34–1.45) <0.01
LDL-C (mmol/L) 2.79 (2.70–2.87) 2.76 (2.66–2.83) 2.81 (2.73–2.90) <0.01

Abbreviations: CI, confidence interval; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma
glucose; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 2. Prevalence of CVD risk factors by sex and age, expressed as percentages (SE)

Groups Overweight/obesity Diabetes Hypertension Dyslipidemia MS

Totala 31.9 (0.8) 6.1 (0.3) 33.6 (1.2) 30.3 (1.0) 11.6 (0.6)
Men
Overalla 32.4 (1.1) 5.6 (0.5) 35.7 (1.5) 30.6 (1.2) 12.2 (0.9)
Age, y
18–29 27.3 (1.1) 2.2 (0.4) 7.8 (0.5) 17.1 (0.8) 2.9 (0.5)
30–39 30.6 (1.3) 2.3 (0.3) 15.9 (0.9) 27.6 (1.2) 5.1 (0.8)
40–49 34.1 (1.6) 4.3 (0.5) 30.2 (1.2) 39.8 (1.5) 11.4 (0.9)
50–59 33.8 (1.5) 6.1 (0.7) 43.4 (1.7) 32.2 (1.4) 14.1 (1.1)
60–69 29.4 (1.3) 7.7 (0.9) 52.9 (2.2) 27.1 (1.1) 16.9 (1.3)
≥70 26.5 (1.4) 8.4 (1.0) 56.3 (2.5) 26.4 (1.2) 22.6 (1.5)

Women
Overalla 31.6 (1.0) 6.4 (0.4) 32.3 (1.3) 30.1 (1.1) 11.2 (0.7)
Age, y
18–29 25.4 (0.9) 2.1 (0.3) 3.9 (0.3) 11.5 (0.7) 2.0 (0.4)
30–39 29.5 (1.1) 3.3 (0.5) 9.0 (0.7) 15.4 (0.8) 4.7 (0.9)
40–49 34.6 (1.5) 5.0 (0.5) 28.9 (1.1) 26.7 (1.2) 10.2 (1.0)
50–59 33.1 (1.5) 6.5 (0.6) 42.8 (1.7) 35.3 (1.3) 13.3 (0.9)
60–69 29.7 (1.3) 7.5 (0.8) 55.1 (2.1) 37.6 (1.3) 17.5 (1.4)
≥70 27.2 (1.6) 8.9 (1.0) 59.6 (2.6) 38.1 (1.6) 25.8 (1.6)

aAge-standardized prevalence rate.
Abbreviations: SE, standard error; MS, metabolic syndrome.
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35.2%), dyslipidemia (27.5% vs 33.1%), and MS (9.8% vs
13.2%; P < 0.05 for all comparisons). Participants with a
high-salt diet had higher prevalences of hypertension (37.3%
vs 30.7%) and MS (12.4% vs 10.3%) than did those whose
salt intake was not high (P < 0.05 for both). The prevalences
of overweight/obesity, diabetes, and MS were higher in
participants with a high intake of sugar than in those whose
sugar intake was not high (P < 0.05 for all comparisons).
Those consuming a high-fat diet had higher prevalences of
overweight/obesity (35.6% vs 27.9%), dyslipidemia (33.9%

vs 27.2%), and MS (13.0% vs 10.2%) than did those whose
fat intake was not high (P < 0.05 for all comparisons).
Vegetarians and vegans had lower prevalences of overweight/
obesity, diabetes, hypertension, dyslipidemia, and MS
(P < 0.05 for all comparisons).
Adjusted ORs with 95% CIs were calculated by

multivariate logistic regression to estimate the associations
of CVD risk factors with dietary habits and physical activity
(Figure 1). The adjusted ORs (95% CI) of overweight/obesity,
diabetes, hypertension, dyslipidemia, and MS for physically

Table 3. Prevalence of CVD risk factors by physical activity and dietary habits, expressed as percentages (SE)

Groups Overweight/obesity Diabetes Hypertension Dyslipidemia MS

Totala 31.9 (0.8) 6.1 (0.3) 33.6 (1.2) 30.3 (1.1) 11.6 (0.6)
Physical activity
Inactive 34.7 (1.2) 6.9 (0.5) 35.2 (1.4) 33.1 (1.3) 13.2 (0.9)
Activeb 28.3 (1.0)d 5.0 (0.3)c 31.4 (1.2)c 27.5 (1.2)c 9.8 (0.7)d

Dietary habits
Salt appetite
No 31.6 (1.1) 6.2 (0.4) 30.7 (1.2) 29.1 (1.2) 10.3 (0.5)
Yes 32.3 (1.2) 5.9 (0.4) 37.3 (1.5)d 31.8 (1.4) 12.4 (0.8)c

Sugar preference
No 29.0 (1.1) 5.1 (0.4) 32.9 (1.3) 28.9 (1.2) 10.1 (0.6)
Yes 33.7 (1.3)c 6.8 (0.5)c 34.1 (1.4) 31.6 (1.3) 12.8 (0.7)c

High-fat preference
No 27.9 (1.1) 5.8 (0.5) 33.0 (1.2) 27.2 (1.1) 10.2 (0.6)
Yes 35.6 (1.3)d 6.4 (0.4) 34.4 (1.3) 33.9 (1.4)d 13.0 (0.8)c

Vegetarian
No 34.8 (1.4) 7.0 (0.5) 36.3 (1.5) 32.7 (1.3) 12.9 (0.8)
Yes 28.5 (1.1)d 5.0 (0.4)d 31.1 (1.3)c 28.0 (1.2)c 10.0 (0.7)c

aAge-standardized prevalence rate.
b>30 minutes/session and >3 times/week.
cP < 0.05, dP < 0.01.
Abbreviations: SE, standard error; MS, metabolic syndrome.
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Figure 1. Adjusted* odds ratios of CVD risk factors, by dietary habits and physical activity, on multivariate logistic
regression analysis (PA = physical activity, HS = high-salt diet, SU = high-sugar diet, HF = high-fat diet, VD =
vegetarian diet). *All variables (ie, age, sex, smoking, drinking, and other potential confounders) were included
in the models to calculate the adjusted odds ratios of CVD risk factors.
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active participants, as compared with those who were not
physically active, were 0.67 (0.47 to 0.85), 0.87 (0.80 to
0.95), 0.92 (0.87 to 0.98), 0.89 (0.82 to 0.96), and 0.74 (0.62
to 0.89), respectively. The adjusted ORs (95% CI) of
hypertension and MS for participants with a high-salt diet,
as compared with those whose salt intake was not high,
were 1.72 (1.29 to 2.03) and 1.48 (1.16 to 1.77), respectively.
In addition, after multivariable adjustment, participants
consuming a high-fat diet were more likely to be
overweight/obese and dyslipidemic, and to have MS, as
compared with others. Vegetarians had lower risks of
overweight/obesity, diabetes, hypertension, dyslipidemia,
and MS (P < 0.01 for all comparisons).

DISCUSSION

Among residents of suburban Beijing aged 18 to 76 years, the
prevalences of overweight/obesity, diabetes, hypertension,
dyslipidemia, and MS were 31.9%, 6.1%, 33.6%, 30.3%, and
11.6%, respectively. The prevalences of overweight/obesity
and diabetes in the present study were higher than in the
general Chinese population,18 but lower than in a Beijing
population.19 However, the prevalences of hypertension and
dyslipidemia in this study were higher than those noted in
general Chinese and Beijing populations, possibly because
the participants of these studies lived in different areas.
Beijing is the capital and one of the largest cities in China.
Suburban Beijing is experiencing rapid industrialization and
urbanization, which has dramatically changed individual
lifestyles. Thus, the relatively high prevalences of CVD risk
factors that we observed in our study are not surprising.
However, it should be noted that our study was conducted in
2007 and that the high prevalences we observed were at least
partly due to real increases in prevalence from 2002—when
the CNNS was conducted—to 2007, when our study took
place. The prevalence of MS in a Shanghai community
population of 2048 people and in a Qingdao community
population of 2634 people aged 20 to 74 years was 14.4% and
17.5%, respectively,18 which are both higher than that of
the present study. Because of differences in the definitions
used, sample selection, and prevalence estimation, caution is
advised in directly comparing these findings.

Unhealthy behavioral factors, including high-fat, high-salt,
and high-calorie diets and sedentary lifestyles, are the most
salient contributors to the prevalence and mortality of CVD.20

The current Chinese diet, especially in urban areas, is
generally high in fat (the fat energy percentage was
29.6%, in the CNNS of 2002),17 sodium, and energy intake,
and low in fruit and vegetable intake. In addition, energy
expenditure has declined among Chinese as urbanization and
industrialization have progressed.21

Many studies have shown that the prevalence of
hypertension is positively correlated with increasing salt
intake.22,23 We also observed that high salt intake was clearly

associated with hypertension, because participants with a high
salt intake had high prevalences and risks of hypertension and
MS (1 component of which is hypertension). Although the
daily recommended salt intake for Chinese is no more
than 6 grams,24 the estimated average salt intake is 12
grams per day,17 which exceeds the upper limit of the daily
recommended amount. These findings suggest that the
potential health benefits from limiting salt intake are of
considerable importance to public health in China.
Heavy consumption of sweets and desserts such as cake and

sugar-sweetened soft drinks is associated with an increased
incidence of type 2 diabetes, which is also a risk factor
for CVD.25 In people with type 2 diabetes, a low-glycemic
index diet may not only be beneficial for long-term glycemic
control—it may also improve other CVD risk factors.26 The
present study found high prevalences and risks of overweight/
obesity, diabetes, and MS in participants who ate a high-sugar
diet.
The risks of a high-fat diet and the protection afforded by a

vegetarian diet were also noted in the present study.
Vegetarian and other low-fat diets generally increase intakes
of carbohydrate, fiber, and several micronutrients,27 which
are associated with reduced incidences of CVD and its risk
factors, including overweight,28,29 type 2 diabetes,30,31 and
plasma cholesterol.32,33 In a randomized intervention trial,
CVD patients who followed a low-fat diet with increased
intakes of fruit and vegetables, had lower CVD mortality
(relative risk: 0.59, 95% CI: 0.46 to 0.74).34 These health
effects were attributed to the fiber and phytochemicals
commonly found in fruit and vegetables.34

There has been a progressive decline in energy expenditure
among Chinese, because of physical inactivity attributable to
the effects of urbanization and industrialization, which has
led to more time spent watching television, playing video
games, going to work by car, and using the Internet. There is
convincing evidence that physical activity is related to well-
known CVD risk factors such as abdominal and general
obesity, diabetes, hypertension, dyslipidemia, and MS.35–40 In
brief, high levels of physical activity reduce the age-related
increases in waist circumference and weight gain,41 and
improve lipid profile42 and blood pressure.41 Conversely, a
reduction in physical activity level may aggravate the CVD
risk factor profile in both sexes.43 One study found that for
each 1-hour increase in television viewing there was a 1% to
2% increase in the prevalence of pediatric obesity in urban
areas in China.44 In the present study, we observed inverse
associations between CVD risk factors and physical activity.

Conclusion
A large proportion of suburban adults in Beijing suffer from
overweight/obesity, diabetes, hypertension, dyslipidemia, and
MS—the risk factors for CVD. Economic development and
the resulting changes in diet and lifestyle are the likely
explanations for the high and increasing prevalence of these
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risk factors, which are becoming a major public health
concern in rapidly urbanizing areas of China. The present and
other studies have confirmed that healthy dietary habits and
physical activity are helpful for preventing these risk factors.
Therefore, comprehensive national strategies aimed at the
prevention of risk factors for CVD are urgently needed to
reduce the prevalence and societal burden of CVD in China.
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