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Abstract

Background: This study examines how prevalence and clustering of cardiovascular disease (CVD) risk factors differ
by ethnicity and socioeconomic status (SES) among rural southwest Chinese adults.

Methods: A cross-sectional survey of 7027 adults aged ≥35 years of Han and four ethnic minority group descent
(Na Xi, Li Shu, Dai, and Jing Po) was used to derive prevalence of tobacco smoking and exposure to secondhand
smoke (SHS) as well as alcohol consumption and physical activity data. Anthropometric measurements were also
taken, including height, weight, and waist and hip circumference, as well as blood pressure (BP) and fasting blood
glucose (FBG) measurements.

Results: Current smoking and drinking status were the top two CVD risk factors in the study population. Dai ethnic
minority participants had the highest prevalence of hypertension, obesity, and central obesity, whereas Jing Po
ethnic minority participants had the highest prevalence of current smoking status, SHS exposure, and current
drinking status (P < 0.01). Han participants had the highest prevalence of diabetes and physical inactivity (P < 0.01).
11.1% of all participants did not have any of the studied CVD risk factors, while 68.6% of Han, 60.2% of Na Xi, 50.7%
of Li Shu, 82.2% of Dai, and 73.0% of Jing Po participants had clustering of two or more CVD risk factors. Prevalence
of CVD risk factor clusters increased with age (P < 0.01). Males and individuals with lower education levels and lower
annual household income were more likely to have CVD risk factors than their counterparts (P < 0.01).

Conclusion: Clustering of CVD risk factors is common in rural southwest China. Ethnicity and individual SES
significantly impact prevalence of CVD risk factors and their clustering.
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Background
Cardiovascular disease (CVD) is the leading cause of death
worldwide, in both developed and developing countries
[1]. Nearly 30% of all deaths globally (approximately 17.5
million people) resulted from CVD in 2008, and the num-
ber of fatalities is expected to increase to 23.3 million by
2030 [2]. In China, rapid economic growth, an aging
population, and lifestyle changes in the last two decades
have caused both the morbidity and mortality of CVD to
rise rapidly [3]. This rise is projected to persist, with an es-
timated annual increase of 21.3 million CVD events and

7.7 million CVD-related deaths by 2030 [4]. This growing
pandemic of CVD poses a major challenge for the Chinese
healthcare system.
The majority of CVD risk factors are related to lifestyle

and therefore potentially modifiable and controllable [5, 6].
As in other countries, hypertension, diabetes, being over-
weight or obese, smoking, alcohol consumption, and phys-
ical inactivity are well recognized established major risk
factors for CVD in China [7, 8]. Furthermore, previous
Chinese studies indicate that CVD risk factor clusters are
common in China and that the prevalence of CVD risk fac-
tors has increased rapidly [9, 10], translating into a future
increase in CVD burden in China [11].
China is a multiethnic nation, with 56 distinct ethnici-

ties. The Han ethnicity accounts for the majority, 92%, of
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the population. The other 55 ethnicities are considered
national minorities. Numerous studies have explored ra-
cial and ethnic disparities in prevalence and clustering of
CVD risk factors worldwide [12, 13], revealing CVD risk
factors differ significantly between ethnic groups. How-
ever, limited investigations have been conducted to exam-
ine ethnic differences in prevalence and clustering of CVD
risk factors in China [14, 15]. As many ethnic minority
groups in China are socioeconomically disadvantaged rela-
tive to the Han population, an improved understanding of
ethnic disparities in central risk factors that contribute to
CVD is critical to effectively implementing appropriate
CVD intervention strategies in China.
Yunnan Province is located in southwest China and is

both a production and consumption hub for tobacco prod-
ucts. It is also home to the most ethnic minority groups in
China, with residents of 25 different ethnic minorities
across the province, 15 of which live only in Yunnan. Cul-
ture, lifestyle habits, and genetic background differ among
these unique ethnic minorities. Notable for the present
study, alcohol consumption, cigarette smoking, and second-
hand smoke (SHS) exposure are comparatively prevalent in
these populations [16]. However, data on the prevalence
and clustering of CVD risk factors in these ethnic minority
populations is limited. Thus, this study aimed to examine
ethnic disparities in prevalence and clustering of eight
major CVD risk factors— hypertension, diabetes, cigarette
smoking, SHS exposure, alcohol consumption, obesity, cen-
tral obesity, and physical inactivity— among the Han ma-
jority and four ethnic minority groups (Dai, Li Shu, Jing Po,
and Na Xi) in rural southwest China.

Methods
Study area and population
The present study employed a community-based cross-
sectional in-person interview and examination. Research
was conducted between 2015 and 2017 in one majority
Han-populated county and four majority ethnic minority-
populated areas of Yunnan Province. Residents were se-
lected for participation in the study through four-stage
stratified random sampling. This sampling method has
previously been described in detail [17].

Pilot study and modification of questionnaire
Pre-tests of the study questionnaire were conducted with
30 individual, in-person interviews of residents aged ≥35
years in a rural region of Yunnan Province. The results
of this test were used to revise the questionnaire, specif-
ically, to modify questions discovered to be ambiguous
or inconsistent.

Data collection and measurement
Individual, in-person interviews by trained interviewers
with a structured questionnaire were conducted for each

consenting participant. Demographic information, in-
cluding age, sex, ethnicity (Han, Dai, Li Shu, Jing Po,
and Na Xi), annual income (US dollars), level of educa-
tion (years), smoking and drinking habits, and physical
activity was taken for each participant by self-report. All
participants’ anthropometric measurements, namely,
height, weight, and waist and hip circumference, as well
as blood pressure (BP) and fasting blood glucose (FBG)
were also recorded.
For BP measurements, three consecutive measurements

were made, in line with the procedure recommended by
the American Heart Association [18]. Recorded BP levels
for the present study were derived from the average of
these three BP readings. This procedure has previously
been detailed [17].
Standardized procedures, as outlined in the World

Health Organization (WHO) STEPS manual, were used
to measure height, weight, and waist and hip circumfer-
ence [19]. Body mass index (BMI) was calculated as
weight in kilograms divided by height in meters squared.
Healthcare workers working at existing local commu-

nity clinics performed all blood sample collection. The
fasting blood glucose measurement method used has
been previously detailed [20].

Definitions
Hypertension was defined as a mean systolic blood pres-
sure (SBP) ≥140 mmHg, diastolic blood pressure (DBP)
≥90mmHg, and/or use of antihypertensive medications
[21]. A previous diagnosis of hypertension by a health
professional was also considered grounds for establishing
hypertension status in this study. Diabetes mellitus was
defined as a FBG ≥7.0 mmol/l (126 mg/dl), reported use
of antidiabetic medications, or reported previous diagno-
sis of diabetes by a health professional [22].
Obesity was defined as a BMI of 28 kg/m2 or greater,

while central obesity was defined as a waist circumfer-
ence (WC) of more than 90 cm in men and more than
80 cm in women, based on WHO recommendations for
Asian adults [23].
Participants who had smoked at least 100 cigarettes in

their lifetime and participants who smoked any form of
tobacco product on a daily basis during the survey
period were defined as current smokers. Exposure to
SHS was defined as non-smokers who reported being
exposed to another person’s tobacco smoke at home or
at work for a minimum of 15 min at least 1 day per
week. Participants who drank alcohol regularly on 12 or
more days in the 12 months preceding the survey were
defined as current drinkers.
Physical activity was assessed in two ways: by frequency

(number of times a participant exercised in the week prior
to the survey) and self-reported intensity of exercise per day.
Physical inactivity was defined as engaging in moderate
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intensity exercise (such as running, cycling, walking, and jog-
ging) less than 5 days a week for less than or equal to 30
min per day, in accordance with WHO recommendations
for physical activity in adults [24].
Clustering of CVD risk factors was evaluated by

determining the presence of the eight major factors
under investigation in the present study (i.e., presence of
0, 1, 2 or ≥ 3 risk factors) [25].

Statistical analysis
Data were double entered into an EpiData Entry 3.1 elec-
tronic database and analyzed with SPSS 22.0 software. An-
nual household income was divided into two categories:
low (<$800 US) and high (≥$800 US), with the median
value as the cutoff point. Level of education was also clas-
sified into two categories: primary (grade 1–6) or lower
and middle (grade 7–9) or higher. Mean values of height,
weight, FBG, BP, BMI, and waist circumference were
expressed as mean ± standard deviations (x ± s). Categor-
ical variables were presented as counts and percentages.
The 2010 China Population Census was used to calculate
sampling weights and our sampling scheme. The preva-
lence rates of CVD risk factors and clustering of CVD risk
factors, however, were estimated based on weighted pro-
portions. A direct method using China’s adult population
aged 35 years and over, using 2010 as the standard popula-
tion, was used to calculate age-standardized prevalence
rates of risk factors and was computed as a percentage
with a 95% confidence interval (CI). Data were analyzed
with descriptive analysis techniques, chi-squared test and
one-way ANOVA. Chi-square tests for independence were
conducted for each risk factor across sex, ethnicity group,
and socioeconomic status, while one-way ANOVA were
used to analyze continuous measures across the ethnic
groups. All statistical significance decisions were based on
two-tailed P values of < 0.05.

Results
A total of 7500 individuals aged ≥35 years were invited
to participate in the present study from name lists of eli-
gible individuals obtained from township leaders from
the 15 townships. Of these, 7027 consented to partici-
pate, a response rate of 93.7%.
Table 1 displays the demographic characteristics and

mean values of blood pressure, fasting blood glucose,
and anthropometric measurements of the study popula-
tion. 3434 (48.9%) of participants were male and 3593
(51.1%) were female. 49.4, 50.6, 45.9, 49.2, and 49.1% of
males were from Han, Dai, Na Xi, Jing Po, and Li Shu
ethnicities, respectively. Highest annual household in-
comes were recorded in Han participants, who also had
the highest level of education relative to the other four
studied ethnicities (P < 0.01). Jing Po ethnic minority
participants had the lowest mean height of the five

studied ethnicities (P < 0.01), whereas the Li Shu ethnic
minority participants had both the lowest mean weight
and BMI (P < 0.01). Dai ethnic minority participants
had the highest mean systolic and diastolic BP and FBG
(P < 0.01).
As indicated in Table 2, age-standardized prevalence

rates of the eight studied CVD risk factors differed
significantly by ethnicity. Dai participants had both the
highest overall and sex-specific prevalence rates of obesity,
central obesity, and hypertension (P < 0.01), whereas Jing
Po ethnic minority participants had both highest overall
and sex-specific prevalence rates of current smoking, SHS
exposure, and current drinking levels (P < 0.05). Both
sexes of Han participants had the highest prevalence of
diabetes and physical inactivity (P < 0.01), whereas the
lowest prevalence rates of diabetes, hypertension, physical
inactivity, obesity, and central obesity were found, for both
sexes, in the Li Shu population (P < 0.01). In all five
studied ethnicities, more males than females smoked
and consumed alcohol (P < 0.01).
Table 3 shows weighted, age-adjusted prevalence of

clustering of CVD risk factors by ethnicity and SES among
the study population. Overall, 11.1% of the five ethnicities
studied had none of the investigated CVD risk factors,
while 66.2% of total participants had clustering of ≥2 risk
factors. Clustering of ≥1, ≥2, and ≥ 3 CVD risk factors was
found in 92.8, 68.6, and 36.9% of Han, 88.3, 60.2 and
22.6% of Na Xi, 78.8, 50.7 and 18.6% of Li Shu, 96.4, 82.2
and 55.2% of Dai, and 93.8, 73.0 and 37.7% of Jing Po eth-
nicities, respectively. Dai participants had the highest
prevalence of clustering of CVD risk factors (P < 0.01).
Prevalence of clustering of CVD risk factors increased
with age (P < 0.01). A clustering of ≥2 and ≥ 3 CVD risk
factors was more likely among male participants, par-
ticipants with low annual household income, and par-
ticipants with low levels of education (P < 0.01).

Discussion
The findings show prevalence of CVD risk factors in
rural southwest China varied by ethnicity, and clustering
of CVD risk factors was independently associated with
ethnicity and individual SES.
The top two CVD risk factors in the study population

were prevalence of current smoking and current drinking.
Further, across all five studied ethnicities, females had
markedly lower prevalence of smoking and drinking be-
haviors than males. This finding aligns with other studies
previously conducted in Asia (including China) as well as
prior research in western nations [16, 26, 27]. Addition-
ally, in the present study ethnic minority participants
smoked and drank more than Han majority participants.
This may in significant part result from differing cultural
practices and customs that possibly in turn influence
smoking and drinking behaviors. Such ethnic variations
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were similarly recorded in studies conducted in western
countries [12, 28]. However, the prevalence of current
smoking and drinking in the present study was signifi-
cantly higher than previously reported rates in both other
parts of China [7] as well as other Asian countries [29].
The findings thus reveal smoking and drinking are highly
prevalent, especially among men belonging to ethnic mi-
nority groups in rural southwest China.
Previous research has established that SHS exposure is

a contributing cause of CVD [30]. Females were at a
higher risk of exposure to SHS than males in the present
study. Among the five studied ethnicities, Jing Po ethnic
minority female participants had both the highest overall
and sex-specific prevalence of current smoking and SHS
exposure. This may in part be attributed to geography:
nearly all Jing Po Yunnan residents live in remote moun-
tainous regions and have accordantly less access to
education and health information on the hazards of
tobacco use. Further, the prevalence of exposure to SHS
in Jing Po females (45.6%) was greater than the preva-
lence rates observed in other studies [31], indicating
exposure to SHS is an especially serious health challenge
for Jing Po women. The results thereby suggest it is
critical to strengthen women’s awareness of the hazards
of tobacco. Moreover, they suggest that targeted and
comprehensive smoke-free laws and legislation should

be enacted in rural China to prevent women from
exposure to SHS.
Relative to the other four ethnic groups in the present

study, Han participants had increased risk for diabetes.
This may in part result from the fact that Han participants
also had the highest annual household income in the stud-
ied regions: several Chinese and Asian studies have dem-
onstrated that high income is associated with high
prevalence of diabetes [32, 33]. Furthermore, Han partici-
pants had lower physical activity levels than the other four
studied ethnic groups. Varying lifestyle behaviors among
Chinese ethnic groups may lie behind this activity level
difference. Major improvements in living conditions in
rural China have previously been associated with large
lifestyle changes, including a rise in sedentary behavior
[10]. However, the precise causes of the considerable eth-
nic differences in diabetes and physical activity levels ob-
served in the present study necessitate further research.
The present study revealed significant ethnic differ-

ences in prevalence of hypertension, with Dai ethnic mi-
nority participants with the highest prevalence of
hypertension. Such ethnic variation was also uncovered
previously in China [15]. However, Dai participants in
the present survey had a significantly higher prevalence
of hypertension than that observed in previous Chinese
surveys [7, 8]. This may result from the fact that Dai

Table 1 Demographic characteristics and mean value of BP, FBG, and anthropometric measurements among the study population

Characteristics Han ethnic
majority (n = 1495)

Na Xi ethnic
minority (n = 1402)

Li Shu ethnic
minority (n = 1366)

Dai ethnic
minority (n = 1397)

Jing Po ethnic
minority (n = 1367)

All (n = 7027)

Sex (n, %)

Male 757 (50.6) 644 (45.9) 675 (49.4) 686 (49.1) 672 (49.2) 3434 (48.9)

Female 738 (49.4) 758 (54.1) 691 (50.6) 711 (50.9) 695 (50.8) 3593 (51.1)

Age (years, mean ± SD) 54.2 ± 12.2 53.9 ± 13.1 50.8 ± 12.0 54.9 ± 12.4 50.9 ± 11.5 53.2 ± 12.5

Level of education (n, %)

Primary (grade 1–6) or lower 499 (33.4)** 551 (39.3) 944 (69.1) 974 (69.7) 903 (66.1) 3871 (55.1)

Middle (grade 7–9) or higher 996 (66.6) 851 (60.7) 422 (30.9) 423 (30.3) 464 (33.9) 3156 (44.9)

Approximate annual household income (n, %)

Low (<$800 US) 204 (13.6)** 291 (20.8) 959 (70.2) 1036 (74.2) 903 (66.1) 3393 (48.3)

High (≥$800 US) 1291 (86.4) 1111 (79.2) 407 (29.8) 361 (25.8) 464 (33.9) 3634 (51.7)

Height (cm, mean ± SD) 160.1 ± 8.0 160.4 ± 8.1 160.2 ± 7.7 158.2 ± 8.2 156.4* ± 7.7 159.1 ± 8.1

Weight (kg, mean ± SD) 59.5 ± 10.8 59.4 ± 10.3 54.5** ± 8.5 60.7 ± 10.8 55.2 ± 9.0 57.9 ± 10.2

BMI (kg/m2, mean ± SD) 23.2 ± 3.6 23.1 ± 3.5 21.2** ± 2.6 24.2 ± 3.8 22.5 ± 3.1 22.8 ± 3.5

Waist circumference (cm,
mean ± SD)

77.6 ± 9.2 83.0 ± 10.4 76.9 ± 8.7 85.4 ± 9.4 79.9 ± 8.3 80.5 ± 9.8

Systolic BP (mm Hg,
mean ± SD)

122.3 ± 18.2 123.8 ± 19.9 121.2 ± 16.3 139.2** ± 21.6 129.6 ± 21.51 127.2 ± 20.7

Diastolic BP (mm Hg,
mean ± SD)

80.0 ± 11.5 79.8 ± 11.5 78.9 ± 10.3 87.7** ± 12.7 84.0 ± 13.0 82.1 ± 12.3

FBG (mmol/l, mean ± SD) 6.2 ± 1.8 5.5 ± 1.1 5.8 ± 1.6 5.3** ± 1.6 5.4 ± 1.4 5.8 ± 1.7

BMI body mass index, BP blood pressure, FBG fasting blood glucose, SD standard deviation
* P < 0.05, ** P < 0.01
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participants had the highest prevalence of both obesity
and central obesity, and obesity and central obesity are
central causes of hypertension [3, 10]. The ethnic differ-
ences in prevalence of hypertension uncovered in the
present study indicate ethnicity is a central determinant
for hypertension, and further research is needed.
Overall, 75.5% of male participants and 57.7% of fe-

male participants in the present study clustered two or
more investigated CVD risk factors, a rate higher than
that found in previous Chinese studies conducted in
Nanjing City (45.2 and 24.6%) [7] and Jilin City (27.9
and 19.8%) [34], as well as higher than studies of ethnic
minorities in the Xinjiang Uygur autonomous region
(29.5 and 48.8%) [15], indicating clustering of CVD risk
factors was comparatively common in rural southwest
China. Dai participants had the highest level of CVD risk
factor clusters in the present study, suggesting they are
at the highest risk of developing CVD relative to the
other four studied ethnicities. However, the majority of
previous research conducted in China did not consider
SHS exposure and physical activity level, so the full
range of risk factors attributable to CVD was not cap-
tured in these prior studies. Thus, the clustering of CVD
risk factors in those studies was likely underestimated.
Men were more likely to have two or more CVD risk

factors clustered in the present study, and clustering of

CVD risk factors increased with age. This result is in line
with previous studies in China [7–9, 14]. Moreover, in
all five ethnic minorities studied, a low annual household
income and low education level were associated with a
high risk of CVD risk factors clustered. The socioeco-
nomic differential measured by income and educational
level accords with previous studies across the globe, in
both developed and developing countries [12, 28, 34].
The findings suggest comprehensive lifestyle interven-
tions should be initiated at a young age, and future CVD
prevention and intervention strategies should focus in
particular on those with low household income and edu-
cation levels.
The findings of the present study are limited in two

ways. First, the present study on the clustering of CVD
risk factors was limited by its focus on eight selected risk
factors. Further research is needed to examine the con-
tribution of other risk factors to CVD in rural China.
Namely, the study lacked diet-related data, and diet may
be an important factor influencing CVD. Second, the
study gathered and analyzed cross-sectional data, so
causal relationships cannot be determined.

Conclusion
The findings indicate a high prevalence of each studied
CVD risk factor as well as high clustering of CVD risk

Table 3 Weighted age-adjusted prevalence of clustering of CVD risk factors by ethnicity and socioeconomic status in rural
southwest China

Variables 0 (n = 840) % (95% CI) ≥1 (n = 6187) % (95% CI) ≥2 (n = 4456) % (95% CI) ≥3 (n = 2273) % (95% CI)

Ethnicity

Han ethnic majority 7.2 (6.1, 8.4) 92.8 (91.9, 94.0) 68.6 (66.9, 70.6) 36.9 (35.3, 39.1)

Na Xi ethnic minority 11.7 (10.3, 13.5) 88.3 (85.8, 89.4) 60.2 (57.4, 62.5) 22.6 (20.2, 24.7)

Li Shu ethnic minority 21.2 (18.9, 23.8) 78.8 (76.8, 81.1) 50.7 (48.2, 53.3) 18.6 (16.9, 21.0)

Dai ethnic minority 3.6** (2.9, 5.0) 96.4** (95.0, 97.2) 82.2** (79.9, 84.1) 55.2 **(52.4, 58.0)

Jing Po ethnic minority 6.2 (5.0, 7.5) 93.8 (92.5, 95.0) 73.0 (71.0, 75.5) 37.7 (35.2, 40.3)

Sex

Male 6.4 (5.5, 7.3) 93.6 (92.7, 94.6) 75.5 (74.0, 77.1) 40.3 (38.5, 42.3)

Female 15.1** (13.7, 16.5) 84.9** (83.6, 86.1) 57.7** (56.0, 59.6) 29.9** (28.4, 31.7)

Age

35–44 years 16.2** (14.3, 17.9) 83.8** (82.1, 85.6) 56.1** (53.9, 58.5) 23.8** (21.6, 25.8)

45–59 years 9.5 (8.4, 11.0) 90.5 (89.1, 91.6) 67.8 (65.6, 69.6) 35.9 (34.1, 38.0)

≥ 60 years 6.2 (5.2, 7.6) 93.8 (92.4, 94.8) 77.5 (75.2, 79.4) 46.6 (44.2, 49.3)

Level of education

Primary (grade 1–6) or lower 9.9 (9.0, 11.1) 90.1 (88.7, 91.1) 70.2* (66.2, 71.7) 37.2** (35.2, 38.8)

Middle (grade 7–9) or higher 11.6 (10.2, 13.1) 88.4 (87.3, 89.8) 63.0 (61.0, 66.2) 32.1 (30.3, 34.6)

Approximate annual household income (%)

Low (<$800 US) 9.7 (9.0, 11.2) 90.3 (88.7, 91.4) 69.2** (67.0, 71.3) 36.9* (34.7, 38.2)

High (≥$800 US) 12.2 (9.9, 13.2) 88.8 (87.4, 90.1) 63.8 (62.0, 66.1) 33.2 (31.6, 35.3)

All 11.1 (9.8, 12.4) 88.9 (87.4, 90.2) 66.2 (65.4, 67.8) 34.8 (33.8, 36.2)

* P < 0.05, ** P < 0.01
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factors in rural southwest China. As ethnicity and indi-
vidual SES were found to have significant impacts on
prevalence of CVD risk factors and their clustering, cul-
turally tailored interventions are needed to improve
CVD prevention and control strategies in rural south-
west China.
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