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Enhanced hypertension prevalence in non-Han
Chinese minorities from Xinjiang Province, China

Zhensui Lu1,2, Zhenhong Lu3, Yanling Zhu4, Zhaoyang Yan5, Xiaoquan Liu4, Shigui Yan1,2 and Guo-Ping Shi6

Hypertension and its risk factors have been thoroughly investigated in multiple population studies, but little is known about

Chinese minorities. In this study, we examined the association of hypertension prevalence with its risk factors in Han and non-

Han minorities from Xinjiang Province, China, who have distinct lifestyles. A total of 9551 Han and non-Han Chinese (Han

83.9%, non-Han 16.1%) 17–81-years old participated in this clinical survey and anthropometric screening. Physical

examination was performed on each participant, including measurement of systolic and diastolic blood pressure and body mass

index (BMI). The prevalence of hypertension in non-Hans was found to be significantly greater than in Hans, in both men

(39.92% vs. 28.55%, Po0.001) and women (19.49% vs. 10.29%, Po0.001) among the 36–55-year old age group. BMI was

also found to be significantly higher in non-Hans than Hans in men (BMI: 26.54±3.23 vs. 24.82±2.77 kg m�2, Po0.001)

and women (BMI: 26.92±3.20 vs. 24.19±3.16 kg m�2, Po0.001) in the same age group, but not in those o36-years old.

Although Han women had normal weights or were slightly overweight (age 436, BMI¼22.25–24.19 kg m�2), non-Han

women from the same age group were found to be severely overweight (ages 36–55, BMI¼24.94 kg m�2, ages 456,

BMI¼26.92 kg m�2). A strong association between increased BMI and hypertension was shown in all ethnic and gender groups.

The prevalence of hypertension in overweight (BMIX24 kg m�2) and obese (BMIX28 kg m�2), aged (36–81), male, and non-Han

participants was significantly greater than in lean (BMI o24 kg m�2), young (17–35), female Hans, after adjustment for these

variables in a multivariate logistic regression analysis (Po0.001). A high prevalence of hypertension in overweight and obese

elderly non-Han men suggests that BMI, age, sex and race are important risk factors for hypertension in this Chinese population.
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INTRODUCTION

Cardiovascular diseases (CVDs) remain the leading cause of death in
major racial and ethnic groups worldwide.1 Hypertension is one of the
most prevalent CVDs and affects certain ethnic groups disproportio-
nately in China.2 For example, Kazakh people from Xinjiang Province
have more rapid progression of hypertension than Hans from the
same area. In a survey by the Chinese National Blood Pressure Survey
Cooperative Group on the prevalence of hypertension in different
ethnic groups in China in 1991, Kazakh men had the fifth highest and
Kazakh women had the highest rates of hypertension among all ethnic
groups in China, which was much higher than Hans.2 These observa-
tions suggest an important impact of ethnic-associated lifestyles and
genetic factors on hypertension, a fact that is poorly recognized in
China. The causes for these disparities are not fully understood,
although we do know that Kazakh populations are generally over-
weight, have different dietary habits from Hans and have poor access
to healthcare facilities.3 The paucity of information about the risk
factors that affect blood pressure (BP) and the prevalence of hyperten-

sion in these minorities hampers the development and implementa-
tion of specific CVD-prevention programs.
As one of the most frequent risk factors of hypertension, obesity is

defined as an unhealthy excess of body fat. This metabolic disease is
related to several chronic conditions, such as type 2 diabetes mellitus,
hypertension, stroke and coronary artery disease.4 Anthropometric
measures, such as body mass index (BMI), are common determinants
of obesity in many epidemiological studies. BMI reflects total body fat
in population health surveys,5 and obesity is defined according to
certain criteria.6 In 2000, the World Health Organization (WHO)
proposed a unified worldwide definition of the terms obese and
overweight. However, compared with Western populations, Chinese
people have a slender build, and ‘conventional’ definitions of obesity
may not apply. Therefore, the WHO lowered BMI values to define
overweight and obese people living in the Asia-Pacific region.7,8 For
example, the criteria for defining an individual as overweight
(X23.0 kgm�2) or obese (X25kgm�2) are lower for Chinese
people than for those living in Western countries (X25 kgm�2 and
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X30kgm�2, respectively).9 Earlier studies showed that the prevalence
of hypertension, diabetes, dyslipidemia and their risk factors is
associated with higher BMI.10 Although these observations were
made in Chinese populations to identify individuals at high risk of
CVD, to our knowledge, race-specific correlation studies between
body fat distribution and CVDs such as hypertension have not been
documented. For example, although it is generally accepted that BP
differs among Chinese minorities, information on body fat composi-
tion or distribution and association with age and gender are lacking.
Xinjiang Province is one of the unique provinces in China where
multiple minorities have different lifestyles such as diet differences.
Obesity and other risk factors among Xinjiang minorities and their
association with hypertension prevalence are important, but remain
largely unknown. We investigated whether the association of hyper-
tension and the obesity risk factors, BMI, age, race and gender, differs
between Han and non-Han Chinese minorities in this province, and
whether age, race and gender influence this correlation.

METHODS

Study population
This study was a clinical survey-based study performed from March 2007 to

February 2009 in the city of Urumqi, Xinjiang, China. A total of 9913 annual

physical examination patients from three hospitals, including the Urumqi First

People Hospital, Xinjiang Petroleum College Hospital, and Xinjiang Industry

College Hospital, were randomly invited to participate in this study. All

participants first completed a clinical survey questionnaire consisting of age,

gender, race, education level, origin, occupation, employment status; a health

history, including hypertension, diabetes, alcohol consumption and smoking;

various medical examinations, including electrocardiogram, chest X-ray and

ultrasound; and the use of BP medications for hypertension. Participants who

were pregnant or lacked complete anthropometrical data were excluded before

further evaluation. The remaining subjects (n¼9551) consisted of 8012 Hans

(83.89%) and 1539 non-Hans (16.11%), with 58.1% men and 41.9% women,

from 17 to 81 years of age. Non-Hans include Uygur (n¼833), Kazakh

(n¼578), Hui (n¼116), Shi (n¼3), Mongolian (n¼3), Man (n¼3), Miao

(n¼2) and Zhuang (n¼1). Besides the participants taking hypertension

medicine, no subjects were taking any other medication. A complete physical

examination was performed on each selected participant, including measure-

ment of systolic blood pressure (SBP) and diastolic blood pressure (DBP) and

calculation of BMI. The Ethical Committee of each participating hospital

approved this study.

Anthropometric measurements
Anthropometric measurements (height and weight) were recorded with stan-

dardized protocols. Body weight was measured with participants wearing light

clothing on a calibrated balance beam scale. BMI was used to determine

whether a subject was overweight or obese and was calculated by the following

formula: BMI¼ (weight in kilograms)/(height in meters)2. BP was measured in

each participant’s right arm (with the subject in a sitting position after 5min of

bed rest) with a mercury sphygmomanometer and an appropriately sized cuff.

Criteria for obesity and hypertension
According to WHO standards, participants with a BMI (kgm�2) o24.0 were

considered to be within normal range. Those with a BMI of 24.0–27.9 were

considered overweight and at risk for obesity. Subjects with a BMIX

28.0 were considered obese.7,8 Subjects with an SBPX140mmHg and/or

DBPX90mmHg or who had taken antihypertension medications within the

past 2 weeks were considered hypertensive.11

Statistical analysis
All data were entered in the Statistical Package for the Social Sciences Windows

software (SPSS Chicago, IL, USA). Pearson’s w2 test was used to examine the

hypertension prevalence rate among different genders, ages and ethnicities.

One-way analysis of variance and an independent samples t-test were used to

determine the differences in BMI (kgm–2) between Han and non-Han

participants and the correlation of BMI with hypertension and non-hypertension

in different race, age and gender groups. Pearson’s correlation coefficient test

(two-tailed test of significance) was used to examine the relationship among

SBP, DBP and BMI as continuous variables. Bivariate analysis of factor

modeling (w2 test) estimated the probability of unadjusted odds ratio (OR)

of hypertension stratified for BMI, age, race and gender. Multivariate logistic

regression was used to determine the association between BP and risk factors

for hypertension after adjustment for other confounders and stratification for

gender, age and race. Po0.05 was considered statistically significant.

RESULTS

Hypertension prevalence in different age, gender and race groups
To simplify the comparison, we grouped the participants into three
age groups: old (56–81 years), middle-aged (36–55) and young
(17–35). Owing to our small sample size (n¼1538) for the multiple
minorities in this study, we grouped all eight minorities into one ‘non-
Han’ category. Older subjects had generally higher hypertension
prevalence than the younger volunteers. Among the three age groups,
the old group followed by the middle-aged group had the highest
hypertension prevalence rates in both the Han and non-Han groups.
The young group had the lowest prevalence (Table 1).
Gender was also shown to influence the prevalence of hypertension.

In the young (17–35) and middle-aged (36–55) groups, males had
significantly higher prevalence rates than females among both Hans
and non-Hans (Table 1). Among old subjects, male Hans still had
significantly higher hypertension prevalence rates than females, but
this significance disappeared in non-Hans, that is, old non-Han
subjects had similar hypertension prevalence rates in both men and
women. Importantly, non-Han subjects from this age group had the
highest hypertension prevalence rates for both males and females
among all age or ethnic groups, suggesting that hypertension is a
common public health problem among the elderly non-Han popula-
tion in this area of China.
In addition to age and gender, we found that on grouping all

Uygur, Kazakh, Hui, Shi, Mongolian, Man, Miao and Zhuang
subjects together as non-Han, these subjects as a whole had
significantly higher hypertension prevalence rates than Hans in
all three age groups. When we subgrouped Han and non-Han
subjects into males and females, we also found that non-Hans of
both genders had significantly higher hypertension prevalence
rates than Hans in all three age groups, except for females in the
17–35 age group, which did not reach statistical significance
(Table 1). Limited subject numbers did not allow us to examine
whether each of these minority groups alone had a hypertension
rate different from that of Hans, but we were able to perform the
Pearson’s w2 test to compare Hans with both Uygurs and Kazakhs.
As shown in Table 2, Kazakhs had a greater rate of hypertension
than Uygurs, and both had greater hypertension rates than Hans
among all tested age groups, although some differences did not
reach statistical significance (old male Kazakhs vs. Hans and
middle-aged male Uygurs vs. Hans) (Table 2). Similar to Hans,
Uygur and Kazakh males had significantly greater hypertension
prevalence rates than females in both the 17–35 and 36–55 age
groups. Such significance disappeared in the elderly (56–81) group
(Table 2).

Increased body weight in non-Hans
As one of the most common criteria for obesity, BMI is closely
associated with the risk of coronary heart disease and type 2 diabetes
in the Chinese population.12 On the basis of BMI standard definitions
of overweight (X24kgm�2) and obese (X28 kgm�2) for Chinese

Hypertension in Chinese minorities
Z Lu et al

1098

Hypertension Research



people,7 we found that the mean BMI for non-Han men in the
middle-aged (BMI¼25.91±3.29 kgm�2) and old (BMI¼26.54±

3.23 kgm�2) groups reached the cutoff value for overweight. The

BMI values for non-Han women in both the middle-aged
(BMI¼24.94±3.91 kgm�2) and old (BMI¼26.92±3.20 kgm�2)
groups also reached the cutoff value for overweight. In contrast,
Han women and men in these age groups were significantly leaner
than non-Han women and men, although the mean BMI values of
Han men from both the middle-aged (BMI¼24.83±2.82 kgm�2) and
old (BMI¼24.82±2.77 kgm�2) groups also reached the cutoff values
for overweight. The mean BMI of Han females in the old age group
reached just above the overweight cutoff value (BMI¼24.19±3.16)
and those in the middle-aged group remained slim (BMI¼
22.25±2.77). With the same standard, all young Han and non-Han
men and women 17–35 were lean (Table 3).

Increased BMI in subjects with hypertension
Patients with high BMIs can have a high risk of CVD. Non-Han men
and women had greater BMI values and higher prevalence rates of
hypertension than Han men and women, particularly among middle-
aged and old subjects (see Tables 1–3), suggesting a correlation
between BMI and hypertension. When we grouped all participants
according to hypertension status, we found that those with hyper-
tension, regardless of their gender or race, had significantly higher
BMI values than those without hypertension (Table 4). On the basis of
the standard cutoff values, all hypertensive subjects were overweight
(BMI 424 kgm�2), whereas all non-hypertensive participants were
lean (BMI o23kgm�2). Among male subjects with or without
hypertension, race did not significantly affect BMI. By contrast, female
non-Hans had significantly greater BMIs than female Hans in both the
hypertension and non-hypertension groups. Among the same ethnic
groups, males generally had higher BMI values than females, except
non-Han females who had hypertension (Table 4). Therefore, hyper-
tension, race and gender are all associated with BMI.

Correlation coefficient and significance of BMI with BP in Hans
and non-Hans
The significant impact of hypertension status on BMI suggests their
close association. In this study, hypertension was defined as
SBPX140mmHg and/or DBPX90mmHg and/or use of antihyper-

Table 1 Hypertension prevalence rate (%) among Han and Non-Han

Chinese

Han Non-Han

Age Gender n/N % n/N % P-value*

17–35 Male 260/2761 9.42 104/602 17.28 o0.001

Female 22/2034 1.08 8/370 2.16 0.085

All 282/4795 5.88 112/972 11.52 o0.001

P-value** o0.001 o0.001

36–55 Male 402/1407 28.55 95/238 39.92 o0.001

Female 111/1079 10.29 38/195 19.49 o0.001

All 513/2486 20.63 133/433 30.72 o0.001

P-value** o0.001 o0.001

56–81 Male 233/462 50.43 50/77 64.94 o0.001

Female 106/269 39.41 37/56 66.07 o0.001

All 339/731 46.37 87/133 65.41 o0.001

P-value** 0.004 0.892

Total Male 895/4630 19.33 249/917 27.15 o0.001

Female 239/3382 7.07 83/621 13.37 o0.001

All 1134/8012 14.15 332/1538 21.59 o0.001

P-value** o0.001 o0.001

Abbreviations: n, subjects with hypertension; N, total subjects.
*Pearson w2 test compared with Han.
**Pearson w2 test comparison between males and females.

Table 2 Hypertension prevalence rate (%) in Han, Uygur and Kazak

subgroups

Age (year) Gender Han Uygur P-value* Kazak P-value*

Male 9.42 12.36 0.111 21.63 o0.001

(n¼2761) (n¼283) (n¼296)

17–35 Female 1.08 0.70 0.910 3.55 0.006

(n¼2034) (n¼201) (n¼115)

P-value** o0.001 o0.001 o0.001

Male 28.55 33.78 0.182 58.90 o0.001

(n¼1407) (n¼148) (n¼65)

36–55 Female 10.29 17.19 0.018 28.57 0.001

(n¼1079) (n¼128) (n¼49)

P-value** o0.001 0.002 0.001

Male 50.43 70.45 0.011 53.57 0.428

(n¼462) (n¼44) (n¼28)

56–81 Female 39.41 65.52 0.007 71.19 0.006

(n¼269) (n¼29) (n¼25)

P-value** 0.004 0.657 0.471

Male 19.33 24.42 0.008 30.09 o0.001

(n¼4630) (n¼475) (n¼389)

Total Female 7.07 12.01 0.001 15.21 o0.001

(n¼3382) (n¼358) (n¼189)

P-value** o0.001 o0.001 o0.001

*Pearson w2 test to compare Hans.
** Pearson w2 test to compare males and females.
Subject numbers are indicated in the parentheses.

Table 3 BMI (kg m�2) in different age and gender groups from Han

and Non-Han Chinese

Han Non-Han

Age

(year) Gender n

BMI

(mean±s.d.) n

BMI

(mean ± s.d.) P-value*

17–35 Male 2761 21.67±2.93 602 21.51±2.86 0.221

Female 2034 20.12±2.30 370 20.26±2.57 0.263

All 4795 21.01±2.79 972 21.03±2.82 0.804

36–55 Male 1407 24.83±2.82 238 25.91±3.29 o0.001

Female 1079 22.25±2.77 195 24.94±3.91 o0.001

All 2486 23.71±3.07 433 25.47±3.61 o0.001

56B81 Male 462 24.82±2.77 77 26.54±3.23 o0.001

Female 269 24.19±3.16 56 26.92±3.20 o0.001

All 731 24.59±2.93 133 26.70±3.21 o0.001

Total Male 4630 22.94±3.27 917 23.07±3.71 o0.001

Female 3382 21.12±2.86 621 22.33±4.03 o0.001

All 8012 22.17±3.23 1538 22.77±3.85 o0.001

*One-way analysis of variance test.
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tension medication within the past 2 weeks. Therefore, we performed
Pearson’s correlation coefficient test to examine whether BMI corre-
lates with SBP or DBP as continuous variables. In both Hans and non-
Hans, BMI correlated with both SBP and DBP. This trend holds true
for both males and females and for subjects grouped into hypertension
or non-hypertension categories (Table 5). For unknown reasons, we
found that the correlation coefficient values between BMI and SBP
or DBP were greater in females than in males (Table 5).

BMI, age, race and gender are important risk factors
for hypertension
Using the bivariate analysis of factors w2 test, we showed that
hypertension prevalence correlated with BMI, age, race and gender.
Among all 9551 participants, 20.26% of hypertensive subjects were
obese, whereas only 3.29% of non-hypertensive subjects were obese
(Po0.001). The unadjusted OR reached 13.60 among obese subjects.
Therefore, obese subjects had a 13.60-fold higher risk of developing
hypertension than lean subjects. Overweight subjects showed a similar
trend toward hypertension, and had a 5.13-fold higher risk of
developing hypertension than lean subjects (Table 6).
Similar to BMI, age was another important risk factor for hyper-

tension. Among 1466 hypertensive subjects, 29.06% were 56–81-years old
and 44.07% were 36–55-years old. By contrast, most of the
non-hypertensive subjects (66.77%) were in the young population
(17–35 years). Only 5.41% of the non-hypertensive subjects were 56–
81 and 28.13% were 36–55-years old. The unadjusted OR values of the
56–81 group and the 36–55 group were much higher than that of the
17–35 group (Table 6), suggesting that aged populations have a greater
risk of developing hypertension than younger populations. With much
smaller OR values, race and sex were also important risk factors of
hypertension. Non-Hans had a 1.67-fold higher risk of hypertension than
Hans. Fewer women than men had hypertension (OR¼0.34) (Table 6).
Similar findings were obtained after adjustment for confounders,

such as BMI, age, race and gender. In a logistic regression analysis
model for multivariate factors, after adjusting for age, race and gender,
we found that both obese (OR¼6.05) and overweight (OR¼2.73)

subjects had a much greater risk of hypertension than lean subjects.
Similarly, old subjects (age 56–81) had an OR of 5.01 for hypertension
compared with young subjects (17–35). Decreasing the age range to
36–55 reduced the OR to 2.04 (Table 6). Similar to the unadjusted
analysis in this study, non-Hans (OR¼1.68) remained at greater risk
for hypertension than Hans. Again, men tended to have a higher risk
of hypertension than women after adjustment for BMI, age and race
(Table 6).

DISCUSSION

This study provides detailed analysis of hypertension prevalence rates
and its risk factors, including body weight, age, gender and race, in

Table 4 BMI and hypertension prevalence in different gender and ethnic groups

Nonhypertension Hypertension

Gender Race n BMI (kg m�2) (mean±s.d.) n BMI (kg m�2) (mean±s.d.) P-value*

Male Han (n¼4630) 3735 22.41±3.09 895 25.19±3.05 o0.001

Non-Han (n¼918) 669 22.19±3.19 249 25.43±3.97 o0.001

All 4404 22.37±3.11 1144 25.24±3.27 o0.001

P-value** 0.103 0.377

Female Han (n¼3382) 3143 20.86±2.65 239 24.57±3.27 o0.001

Non-Han (n¼621) 538 21.63±3.64 83 26.88±3.41 o0.001

All 3681 20.97±2.83 322 25.17±3.45 o0.001

P-value** o0.001 o0.001

P-Value*** o0.001 0.006

P-Value**** 0.005 0.003

Total Han (n¼8012) 6878 21.70±3.00 1134 25.06±3.11 o0.001

Non-Han (n¼1539) 1207 21.94±3.41 332 25.79±3.88 o0.001

All 8085 21.73±3.06 1466 25.23±3.31 o0.001

P-value** 0.020 0.002

*Independent samples t-test when compared between hypertension and non-hypertension.
** independent samples t-test to compare Hans and non-Hans.
*** independent samples t-test to compare males and females in Han.
**** independent samples t-test to compare males and females in non-Hans.

Table 5 Pearson correlation coefficient (r) and significance between

blood pressures (SBP or DBP) of different genders or hypertension

status and BMI of different races

BMI

(kgm–2) of Han

BMI

(kgm–2) of non-Han

Gender or

hypertension status

Blood

pressure r P-value r P-value

Male SBP 0.325 o0.001 0.380 o0.001

DBP 0.364 o0.001 0.351 o0.001

Female SBP 0.411 o0.001 0.503 o0.001

DBP 0.386 o0.001 0.495 o0.001

Hypertension SBP 0.099 0.001 0.265 o0.001

DBP 0.177 o0.001 0.210 o0.001

Nonhypertension SBP 0.299 o0.001 0.247 o0.001

DBP 0.291 o0.001 0.190 o0.001

Total SBP 0.416 o0.001 0.444 o0.001

DBP 0.432 o0.001 0.422 o0.001
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a population from Xingjiang Province, China, where multiethnic
groups of Chinese live. Non-Han, male, overweight or older subjects
appeared to have a much greater prevalence of hypertension than Han,
female, lean or young subjects. In general, our observations agree with
many earlier studies that found that weight control may reduce the
incidence of hypertension.13 We also found that hypertension pre-
valence correlates positively with age,14 and men may have a greater
risk of hypertension than women.15,16

Earlier studies showed that age is one of the most significant risk
factors for CHD. Patients in their 70s have more than 10 times the risk of
developing CHD than those in their 30s.17 We also showed that age
constitutes an important risk factor of hypertension in this Chinese
population study. Even after adjusting for gender, BMI and race, those
aged 56 years and older had a 45-fold risk of hypertension compared
with those aged 35 years and younger (Table 6). The effect of gender on
hypertension has been controversial. Our study and many others
suggested that males tend to have a greater risk of hypertension than
females.15,16 By contrast, many other studies have suggested that females
seem to have higher prevalence rates of hypertension than males.18–20

Therefore, race, lifestyle and environment may influence this conclusion.
Obesity, a rapidly growing health problem, is one of the major risk

factors of CVD in developed and even developing countries.21 Women
with a BMI of 29–30 kgm�2 have a three-fold higher risk of heart
disease than lean women.21 Although we cannot change our age, race
and gender, we can manage weight and obesity. In this study, being
overweight or obese seemed to constitute major risk factors for
hypertension in this Chinese population. The unadjusted OR of
obese subjects with hypertension reached 13.60, and the adjusted
OR remained as high as 6.05.
We still found more than a two-fold reduction in OR among those who

were overweight before and after adjustment. Therefore, BMI values
served as an important hallmark not only for obesity, but also for
hypertension and possibly other CVDs, at least in this Chinese population.
In the United States, the age-adjusted prevalence of hypertension

was 40.5% among non-Hispanic blacks and only 27.4% among non-
Hispanic whites, according to a survey in 2005 by the National Center
for Chronic Disease Prevention and Health Promotion, Centers for
Disease Control and Prevention. Similar to our findings in this study,

race can be a significant risk factor for hypertension. Hans and non-
Hans in Xinjiang Province often follow different lifestyles, which may
lead, in part, to increased body weight and the higher prevalence of
hypertension in non-Hans compared with Hans. Earlier studies
suggested that dietary habits, genetics and sedentary lifestyles are
closely related to hypertension.22–24 For example, Uygur and Kazakh
people derive 32% of their calorie intake from red meat, which is twice
as much as Hans consume. Further, Uygur and Kazakh people
consume much more salt and fewer vegetables and fruits than do
Hans. Minority communities typically have several important dietary
alterations, such as increased sodium consumption and reduced
potassium and calcium intake. The high intake of dietary sodium
has been linked to the high prevalence of hypertension.25,26 For
example, the recommended daily allowance of sodium intake is
0.5–1.0 g per day, but the current Chinese population consumes five
times more than that, especially in the minority communities.27

Potassium intake has the opposite effect on hypertension, that is,
there is an inverse relationship between potassium intake and
hypertension, but minorities consume diets low in potassium.28

The Dietary Approaches to Stop Hypertension (DASH) trial tested
the potential benefit of diets rich in potassium and low in sodium,
saturated fat, total fat and cholesterol in patients with known
hypertension.29,30 The DASH diet especially benefitted hypertension
patients with high sodium intake. An increase of potassium intake
from 1.7 g per day to 4.1 g per day, with a corresponding decrease in
sodium consumption, reduced BP by B12mmHg.31 Elliott et al.32

emphasized that vegetable protein intake inversely relates to BP. A
healthy lifestyle aimed at preventing high BP and related diseases
needs to include a diet high in vegetables. Decreasing saturated,
polyunsaturated and unsaturated fat intake and replacing these fats
with monounsaturated fats more effectively controls body weight
gain and hypertension than does merely decreasing total fat
intake.33,34 These data highlight the potential to reduce CVD in
the minority community by effective control of body weight and
dietary adjustments. Therefore, both men and women should
increase their intake of fruits, vegetables and fiber to decrease
their risk for CVD; such dietary practices should form the corner-
stone of any CVD-prevention program.

Table 6 Unadjusted and adjusted odds ratio of hypertension and risk factors BMI, age, race and gender

Variables Nonhypertension (%) Hypertension (%) Unadjusted OR (95%CI)* Adjusted OR (95%CI)**

BMI (kgm�2)

Normal (o24) 92.41 7.59 1.00 1.00

Overweight (24–27.9) 70.36 29.64 5.13 (4.51–5.83)# 2.73 (2.36–3.15)#

Obese (X28) 47.25 52.75 13.60 (11.27–16.42)# 6.05 (4.93–7.43)#

Age (year)

17–35 93.17 6.83 1.00 1.00

36–55 77.88 22.12 3.87 (3.39–4.43)# 2.04 (1.54–2.71)#

55–81 50.69 49.31 13.26 (11.21–15.69)# 5.01 (3.06–8.21)#

Race

Han 85.85 14.15 1.00 1.00

Non-Han 78.41 21.59 1.67 (1.46–1.92)# 1.68 (1.43–1.97)#

Gender

Male 79.38 20.62 1.00 1.00

Female 91.96 8.04 0.34 (0.29–0.38)# 0.36 (0.32–0.42)#

*Bivariate analysis of factors (w2 test).
**Logistic regression analysis of multivariate factors. Adjusted variates age, race, gender and BMI. CI, confidence interval.
#P valueo0.001.
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Our study has several limitations. It included 1538 non-Han subjects
from at least eight different minorities. Increased prevalence of hyperten-
sion in non-Han vs. Han subjects may not apply to all eight minorities.
The relatively small sample sizes of the non-Han subjects in this study
limited the power of our analysis for each individual minority. Thus,
analyzing a certain minority group or making any conclusion regarding
hypertension prevalence among respective Chinese minorities would
prove not only difficult but also inaccurate. This is particularly true for
the Hui, Shi, Mongolian, Man, Miao and Zhuang subgroups, for which
we cannot perform independent analysis. It has also been shown in many
studies that alcohol consumption and smoking are obvious confounders
for hypertension or other CVD. However, incomplete information on
alcohol consumption and smoking in this study did not allow us to
include these confounders in the OR analysis shown in Table 6. Exclusion
of these confounders may impact the OR values of other variables listed
in the Table. Besides the insufficient numbers of non-Han subjects and
the missing subject information, this study also has subject selection and
information bias. All participants were volunteers from a group of
hospital visitors, which may affect the representativity of this study.
The definition of hypertension may also lead to information bias. In
addition to subjects who had SBPX140mmHg and/or
DBPX90mmHg, subjects who had taken antihypertension medications
within the past 2 weeks were also considered hypertensive. It is possible
that some of these patients may no longer have hypertension.
Social, physiological and genetic variations in the minority com-

munity may also affect CVD.35 Although we have showed an associa-
tion between body fat deposition and hypertension in both the Han
and non-Han subjects, further study is needed to understand the
contribution of dietary habits, genetic background and other lifestyle
differences to blood lipoprotein levels, obesity and associated
CVD.36,37 The cause of hypertension and the percentage of obese
and overweight people could vary from region to region. Education
level, employment status, dietary habits, socioeconomic disparities,
medical care plan and local environmental factors may also account
for the association between BMI and hypertension.38 Therefore,
further investigations are necessary to explore these possibilities.
Given the recent identification of candidate genes that mediate
hypertension, such as those involved in the formation of extracellular
matrix proteins and lipid metabolism,39 these genetic factors may have
critical, but thus far unrecognized, functions in the observed ethnic
differences in the development of hypertension. All of these genetic
characterizations, population studies and biochemical analyses suggest
that maintaining optimal body weight constitutes an important step
toward reducing hypertension risk, an assumption that probably holds
true for all populations regardless of their nationalities.
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