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Abstract 

Background: The American Heart Association (AHA) recently developed definitions 

of cardiovascular health for adults and children based on 7 cardiovascular disease risk 

factors or health behaviors. We applied this new construct to examine the 

cardiovascular health status in adult Chinese urban residents.  Methods: Data of 

1,012,418 subjects aged 20-65 years (55% were men; mean age, 42.4 years) who 

received health examination at 58 health examination centers across China was 

analyzed. The AHA ideal health behaviors index and ideal health factors index were 

evaluated among the subjects.  Results: Only 0.6% of male and 2.6% female 

subjects met all 7 health components, and only 39.1% subjects met 5 or more 

components of ideal cardiovascular health. The prevalence of “ideal”, “intermediate” 

and “poor” cardiovascular health was 1.5%, 33.9% and 64.6%, respectively. 

Conclusion:  About two-thirds adult Chinese urban population has “poor” 

cardiovascular health. Comprehensive individual and population-based interventions 

must be developed to improve cardiovascular health status in China. 

Keywords:  Cardiovascular disease; epidemiology; risk factors; health assessment



 3 

Introduction 

Cardiovascular disease (CVD), principally stroke and coronary heart disease (CHD), 

is the leading cause of death in China and is expected to increase with further 

economic development, urbanization, aging of the population, and changes in diet and 

physical activity [1-3]. For decades, it has been believed that effective CVD 

prevention strategies must embrace both high-risk and population strategies; and more 

recently, the concept of “primordial prevention” which was considered as a strategy to 

prevent the development of risk factors in the first place, has been widely accepted 

and is also reflected in China’s CVD prevention guidelines[4,5]. In 2010, the 

American Heart Association (AHA) developed definitions of “ideal,” “intermediate,” 

and“poor” cardiovascular health for adults and children based on 7 CVD risk factors 

or health behaviors [6]. Several recent studies have found extremely low prevalence 

of ideal cardiovascular health in the US adult populations [7-9].  

We believe this new construct developed by AHA might be also useful and even more 

applicable in China where levels of CVD risk factors, except that of smoking, are still 

relatively low as compared to those in the United States but are elevating rapidly, and 

it is important to quantify the proportion of the population at different status of 

cardiovascular health.  Such data would provide a context for policy planners and 

health promotion programs, an understanding of the size of the population in need of 

targeted interventions, and a baseline for international and longitudinal comparisons. 

The present study reports the prevalence of ideal, intermediate and poor 
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cardiovascular health among 1 million young and middle-aged Chinese adults by 

analyzing the Chinese Health Examination Database 2010, a cross-sectional dataset of 

more than 1.6 health examinees.  

METHODS 

Study population 

In 2009, the Chinese Society of Health Management initiated the Chinese Health 

Examination Database (CHED). A total of 58 health examination centers covering 24 

provinces, autonomous regions, and municipalities across China (Figure 1), which use 

computerized software to enter and manage data and to provide automated health risk 

assessment and individualized health promotion advice had participated. Data were 

entered or imported into and managed by Microsoft Excel at each center, then sent to 

the information center designated by the Chinese Society of Health Management for 

further checking and data merging [10].  

The health examination procedure in these participated centers usually includes a 

series of medical tests for blood, urine, body measurements, functional tests, physical 

examination, and a questionnaire for lifestyle and medical history. The form and 

number of items of the questionnaires used by these centers are slightly different, but 

most of them are based on the China National Nutrition and Health Survey 2002 [11] 

questionnaire and all include questions addressing the examinees’ daily intake of 

vegetables and fruits, animal meat, fish, preference for salty or non-salty food, as well 

as their weekly participation time in physical activity. 
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By the end of October 2010, data of 1,674,846 Chinese health examinees (884,786 

male and 790, 060 female) who had health examination at the participating health 

examination centers during the year of 2010 were collected. For the present study, we 

purposely excluded individuals who were younger than 20 years (n=16,428) or older 

than 65 years (n=424,368) as well as those who had missing values for variables used 

in the analyses (mostly because of missing or incalculable data on diet and physical 

activity, n=221,632), resulting in a total of 1,012,418 subjects (including 546,485 men 

and 465,933 women) eligible for analysis. Although prevalence of healthy behaviors 

and factors are known to decrease with aging [12, 13], several longitudinal studies 

have reported that it is feasible for middle- and older-aged individuals to maintain or 

even adopt a healthy lifestyle pattern that is associated with considerable CVD, stroke, 

and all-cause mortality benefits [14-16]. Thus, this study only focused on the 

middle-aged adults with regard to the cardiovascular health status. 

Participants were stratified by age into 5 groups: 20-29 years, 30-39 years, 40-49 

years, 50-59 years, and 60-65 years. Region where participants inhabit was 

categorized as South of North China. 

Cardiovascular health variables and definition 

The AHA defines cardiovascular health based on 4 health behaviors (smoking, body 

mass index, physical activity and diet and 3 health factors (total cholesterol, blood 

pressure, and untreated fasting glucose) [6]. For the present study, we adapted the 

AHA definitions and classified each cardiovascular health metric into ideal, 
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intermediate, or poor categories, as shown in Table 1. Pre-existing CVD was defined 

by any self-reported previous physician diagnosis of coronary heart disease, 

myocardial infarction, heart failure or stroke. In defining healthy diet, we used the 

following 5 components: 1) with cereals and legumes as the basic food; 2) ≥500g (1 

“Jin”) vegetables and fruits/day; 3) <100g (2 “Liang”) red meat/day; 4) regular (in 

most weeks) intake of unprocessed fish and/or soybean products; and 5) preference 

for non-salty food, in accordance with the current “Dietary Guidelines for Chinese 

Residents” [17]. Because in most participating centers of the present study, subjects 

who identified themselves as “heavy manual worker” were not required to further 

report their physical activity, therefore, for the assessment of physical activity, in 

addition to calculate participant’s weekly physical activity time, we defined all 

subjects who answered “yes” to the question: “Does your job engaged mostly in 

heavy manual/physical work?” into “heavy manual worker” and classified them into 

the “ideal” category. Evaluation of physical activity includes questions about type and 

frequency of physical activity at work and during leisure time. 

We defined “ideal” cardiovascular health as meeting all 7 ideal components of 

cardiovascular health, “ intermediate” cardiovascular health as with at least 1 

intermediate metric and no poor metrics, and “poor” cardiovascular health as having 

at least 1 poor health metric, in accordance with the AHA’s construct [6]. 

Statistical Analyses 

Continuous variables were described by means±SDs and compared by t tests or 
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corresponding nonparametric tests based on distributional properties. Categorical 

variables were described by percentages and compared by chi square tests. Because of 

the number of subjects exceeding one million, subgroup analyses by age, sex and 

region were conducted for the simplicity of data analyses. Adjusted prevalence of 

ideal cardiovascular health metrics in all study subjects was standardized to the age 

and sex distribution for Chinese adults in the year 2010. All data was analyzed with 

SAS 9.3 for Windows (SAS Institute Inc, Cary, NC). 

Results 

Characteristics of study population 

The socioeconomic and clinical characteristics of the 1,012,418 study subjects are 

shown in Table 2, 54% of them were male and 46% were female, 46% were from 

South China and 54% from North China. The majority of the subjects were 

non-manual workers. The mean age was 42.4 years in male and 43.1 years in female. 

A total of 13,674 (1.35%) subjects reported pre-existing CVD. The average systolic 

blood pressure was 123.4 mmHg in male and 121.3 mmHg in female. Mean total 

serum cholesterol level was 175.6mg/dl in men and 181.4mg/dl in women. About 5% 

subjects reported use of anti-hypertensive medication, 1.3% reported use of 

hypoglycemic drugs and 1% of lipid lowering drugs. More men had an education level 

beyond college. 

Distribution of ideal cardiovascular health metrics  

As shown in table 1, of the total study subjects, those who had ideal levels of 
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individual cardiovascular health metrics ranged from 74.2% (smoking) to 7.2% (diet). 

As for smoking, body mass index and diet, more women met ideal levels of each 

metric than men did. However, as for physical activity, total cholesterol, blood 

pressure, and fasting serum glucose, the proportions of ideal metrics in males tended 

to be larger than those in females. 

Table 3 shows the distribution of ideal cardiovascular health metrics among the study 

subjects. Overall, only 0.6% men and 2.6% women met all ideal cardiovascular 

metrics. Of all subjects, about 39.0% met 5 or more metrics. As expected, the 

percentages of those meeting 5 or more metric decreased with age in both sex. In both 

men and women, more subjects from South China met 5, 6, or 7 ideal cardiovascular 

metrics than those from the North. 

Prevalence of ideal, intermediate and poor cardiovascular health status 

Table 4 shows the prevalence of ideal, intermediate and poor cardiovascular health of 

the total study subjects and of the sex, age and region subgroups. Of all subjects, the 

prevalence of having “ideal”, “intermediate” and “poor” cardiovascular health was 

1.5%, 33.9%, and 64.6%, respectively. The majority of men had poor cardiovascular 

health, while about half of the women had “intermediate” cardiovascular health. The 

percentages of subjects who had “poor” cardiovascular health increased with age, and 

were higher in North China participants. 

In additional analysis, we hypothesized that all men had quit smoking for more than 

12 months, then 1.4% of them would have had “ideal” and 73.2% had “poor” 
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cardiovascular health.  

Comparison with ARIC study cohort 

To provide a context for our results, we compared the proportions of those at different 

categories of cardiovascular health between our study subjects who were 45-64 years 

old and those of the ARIC (Atherosclerosis Risk in Communities) study cohort. As 

shown in Fig 2, the proportions of our study subjects who met 5, 6 and 7 ideal metrics 

were higher than those of the ARIC cohort population. Our study subjects had more 

ideal health status (1.1% vs. 0.1%) with relatively less had poor health status (75.7% 

vs. 82.5%). 

Discussion 

The present study examined a relatively “healthier” Chinese population, as reflected 

by the lower prevalence of major cardiovascular risk factors including hypertension, 

diabetes, hypercholesterolemia and smoking, in our study subjects comparing to those 

recently obtained from nationally representative samples [11, 18-20]. However, we 

still found a disappointingly low proportion of people who had “ideal” health: the age 

and sex-adjusted prevalence of ideal cardiovascular health, as defined by the AHA, 

was less than 2%, while almost 60% had “poor” cardiovascular health. Although our 

study population seemed to have “better” cardiovascular health, as compared to the 2 

community-based US populations [7,8] and the 2003 to 2008 National Health and 

Nutrition Examination Surveys participants [9], our results again highlight the 

importance of national and individual efforts to quell the emerging epidemic of CVD 
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in China, particularly when we consider that the community-based Chinese adults 

may have worse cardiovascular health status than participants in the present study. 

Women had better cardiovascular health profile than men, and this is consistent with a 

recent similar report on the cardiovascular health status in US adults [9]. The 

age-adjusted prevalence of ideal cardiovascular health in women was almost 4 times 

of that in men. The most important reason for this strikingly sex difference was the 

much higher prevalence of cigarette smoking in men than in women. Actually, if 

presumed that all men in our study subjects had quit smoking, the prevalence of ideal 

cardiovascular health would increase from 0.6% to 1.4%, and poor health decreased 

from 80.2% to 73.2%.     

The amount of daily or weekly intake of fish, whole grain, sodium and added sugar of 

our study population were not available from the questionnaires, and the dietary 

metrics we used for the present study are based on the recommendations of the 

Chinese Society of Nutrition in its official dietary guideline, which have been adapted 

by current CVD prevention guidelines. Traditional Chinese diet, high in vegetables 

and whole grains but low in animal products, is associated with a low risk of CVD 

[21]. Although most of these traditional Chinese dietary traits are still being 

maintained, some marked changes are occurring, such as increased animal food and 

edible oil consumption, concomitant with the change in lifestyle in China in the past 

20 years [22, 23]. Similar to those findings from the US populations, we also found 

that ideal health diet was the least prevalent CV health component.  
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Prevalence of leisure-time physical activity is low in China [24, 25], while 

non-recreational physical activities including household, occupational and transport 

activities in adult Chinese have declined rapidly during the last 2 decades, largely due 

to the urbanization of China [26]. We found that less than one third of the study 

subjects reported physical activities at goal level, of them half were “heavy manual 

worker”. Our data highlight the importance of promoting physical activity in the 

workplace, at home, for transit and via exercise in China. 

Several limitations of our study warrant consideration. First, our study participants 

were not representative sample of Chinese adults but those health examinees and 

therefore were subject to healthy volunteer biases. The cardiovascular health status 

may actually be worse in a more general Chinese adult population. Second, except 

those of fruits and vegetables, quantitative data of the consumption of other 

nutritional components, including fish, whole grain, sodium and sugar recommended 

in the diet metrics by AHA were not available in the present study, we used mostly 

“descriptive” metrics for the diet assessment, which may result in inflated prevalence 

of “healthy diet”. Last, the study subjects in this study were limited to young and 

middle-aged groups (<65 years), while a significant number of participants with older 

ages were excluded from the analysis. Lower prevalence of ideal blood pressure and 

total cholesterol could be observed in this age group, as noticed by Shay et al’s study 

[9]. Thus, our findings should be interpreted in light of this limitation.  

In conclusion, our study indicates that about two-thirds adult Chinese urban 
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populations have “poor” cardiovascular health, and very few have “ideal” health 

status. Comprehensive individual and population-based interventions must be 

developed to improve cardiovascular health status in China. 
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Table 1. Cardiovascular health metrics definition and their distribution among 

study men and women 

Health 

metrics 

 Definition Total sample, % 

(n=1,012,418) 

Men, % 

(n=546,485) 

Women, % 

(n=465,933) 

Smoking Ideal Never or quit>12 months 74.2 55.7 96.3 

Intermediate Former , quit <12 months 1.7 3.2 0.2 

Poor Current 24.1 41.1 2.4 

Body mass 

index 

Ideal <25 kg/m2 66.9 66.3 67.6 

Intermediate 25-29.9 kg/m2 25.2 26.4 23.8 

Poor ≥30 kg/m2 7.9 7.3 8.6 

Diet Ideal 4-5 components 7.2 5.6 9.2 

Intermediate 2-3 components 67.4 63.0 72.6 

Poor 0-1 components 26.4 31.4 18.2 

Physical 

activity 

Ideal “heavy manual worker”, 

and/or 

≥ 150 min/wk moderate 

intensity or 75 min/wk 

vigorous intensity or 150 

min/wk moderate + 

vigorous 

31.7 34.6 28.3 

Intermediate 1–149 min/wk moderate 

intensity or 1–74 min/wk 

vigorous intensity or 

1–149 min/wk moderate + 

vigorous 

44.5 41.2 48.3 

Poor None 23.8 24.2 23.4 

Total 

cholesterol 

Ideal <200 mg/dl, without 

medication 

63.7 65.6 61.4 

Intermediate 200–239 mg/dl or treated 

to <200 mg/dl 

33.2 31.5 35.2 

Poor ≥240 mg/dl 3.1 2.9 3.4 

Blood 

pressure 

Ideal <120/<80 mm Hg, without 

medication 

44.8 49.6 47.0 

Intermediate SBP 120–139 or DBP 

80–89 mm Hg or treated 

to goal 

39.1 36.5 37.9 

Poor SBP≥ 140 or DBP≥ 90 

mm Hg 

16.1 13.9 15.1 

Fasting 

serum 

glucose 

Ideal <100 mg/dl 55.5 56.7 54.2 

Intermediate 100–125 mg/dl or treated 

to goal 

40.3 39.2 41.5 

Poor ≥126 mg/dl 4.2 4.1 4.3 
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Table 2. Characteristics of study population 

 Men  Women  Total  

All subjects, n  546,485 465,933 1,012,418 

Mean age, y 42.4±6.6 43.1±6.1 42.7±6.4 

Mean systolic blood pressure, mmHg 123.4±16.2 121.3±18.8 122.4±17.4 

Mean body mass index, kg/m2 23.6±2.2 23.4±2.6 23.5±2.4 

Mean serum total cholesterol, mg/dl 175.6±29.2 181.4±28.6 178.3±29.0 

Mean fasting serum glucose, mg/dl 96.4±13.7 96.6±14.8 96.5±14.4 

Current smoking, n (%) 224605(41.1) 11182(2.4) 249055(24.6) 

Self-reported CVD, n (%) 7651 (1.4) 6058 (1.3) 13,709 

Diabetes mellitus, n (%) 22952(4.2) 20501(4.4) 43453(4.3) 

Use of anti-hypertensive drug, n (%) 30057 (5.5) 19103 (4.1) 49160 (4.9) 

Use of hypoglycemic drugs, n (%) 6558(1.2) 6524(1.4) 13082(1.3) 

Use of lipid-lowering drug, n (%) 6013 (1.1) 3727 (0.8) 9740 (1.0) 

Area, n (%)    

  South China 262313(48.0) 204079(43.8) 466392(46.1) 

  North China 284172(52.0) 261854(56.2) 546026(53.9) 

Education, n (%)    

  Secondary school or less 84159(15.4) 87129(18.7) 171288(16.9) 

  High school 277614(50.8) 243217(52.2) 520831(51.4) 

  College or more 184712(33.8) 135587(29.1) 320299(31.6) 

Occupation, n (%)    

  Manual worker 89624(16.4) 66162(14.2) 155786(15.4) 

  Non-manual worker 367784(67.3) 358303(76.9) 726087(71.7) 

  Other 89077(16.3) 41468(8.9) 130545(6.2) 
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Table 3. Distribution (prevalence, %) of ideal cardiovascular health metrics in men 
and women, by age and region subgroups 
 
Subject group No. of ideal health metrics present 

 7 6 5 4 3 2 1 0 

Total         

  Unadjusted 1.5 12.3 25.3 21.5 25.1 9.2 4.8 1.0 

  Age and sex adjusted 1.9 12.8 26.1 22.1 23.5 8.9 4.1 0.8 

Men         

  Overall 0.6 11.5 21.4 21.5 27.0 10.5 6.9 1.4 

  Age, y         

    20-29 1.4 14.2 30.4 26.6 20.2 4.4 2.5 0.3 

    30-39 0.6 13.8 25.6 23.4 24.6 12.1 3.1 1.2 

    40-49 0.5 11.9 23.4 19.8 26.2 10.0 6.4 1.8 

    50-59 0.4 11.2 19.3 21.7 28.2 8.9 8.8 1.5 

    60-65 0.4 8.8 15.3 21.1 30.5 14.4 9.2 1.3 

  Region         

    South 0.7 13.6 22.6 23.8 22.7 9.2 6.3 1.0 

    North 0.5 8.4 20.2 19.2 31.3 11.8 7.5 1.8 

Women         

  Overall 2.6 13.8 26.3 22.4 23.3 8.2 2.6 0.6 

  Age, y         

    20-29 5.8 17.5 30.5 25.3 16.2 3.4 2.1 0.2 

    30-39 4.2 16.9 27.4 22.8 19.6 5.6 2.6 0.2 

    40-49 2.2 14.4 26.8 20.6 23.2 8.5 3.8 0.4 

    50-59 1.8 12.1 23.7 21.1 24.6 9.1 7.2 1.1 

    60-65 1.6 9.7 21.2 22.6 25.1 11.2 8.1 1.0 

  Region         

    South 2.7 19.1 32.3 21.7 14.1 7.3 2.2 0.6 

    North 2.5 15.6 28.4 22.9 18.2 8.8 3.0 0.6 
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Table 4. Prevalence of ideal, intermediate and poor cardiovascular health in men and 
women, by age and region subgroups 
 
Subject group Prevalence, % 

 Ideal Intermediate Poor 

Total    

  Unadjusted 1.5 33.9 64.6 

  Age and sex adjusted 1.9 39.5 58.6 

Men    

  Overall    

    Unadjusted 0.6 17.4 82.0 

    Age-adjusted 0.8 24.8 74.4 

  Age, y    

    20-29 1.4 32.6 66.0 

    30-39 0.6 24.3 75.1 

    40-49 0.5 18.7 80.8 

    50-59 0.4 14.4 85.2 

    60-65 0.4 9.6 90.0 

  Region    

    South 0.7 20.9 78.4 

    North 0.5 13.9 85.6 

Women    

  Overall    

    Unadjusted 2.6 53.2 44.2 

    Age-adjusted 3.1 54.2 42.7 

  Age, y    

    20-29 5.8 68.4 25.8 

    30-39 4.2 62.1 33.7 

    40-49 2.2 54.7 43.1 

    50-59 1.8 48.5 49.7 

    60-65 1.6 39.3 59.1 

  Region    

    South 2.7 54.4 42.9 

    North 2.5 51.9 45.6 
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