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Abstract
Hypertension is a common global health problem including China. This study aimed to assess the prevalence and awareness of
hypertension, and evaluate risk factors associated with hypertension among multi-ethnic population in northwest China using a random
sampling cross-sectional data.

A cross-sectional survey was conducted between 2014 and 2015 as part of a nationwide survey using stratified four-stage random
sampling in Xinjiang. Hypertension was defined as mean systolic blood pressure (SBP) and/or diastolic blood pressure (DBP) ≥140/90 mm
Hg and/or taking anti-hypertensive medication. In addition, the prevalence of hypertension (SBP ≥ 130 or DBP ≥ 80 mm Hg) was also
estimated according to the 2017 American College of Cardiology (ACC)/American Heart Association (AHA) High Blood Pressure Guideline.
Awareness of hypertension was based on self-report. An optimized risk score model was used to assess the risk and determine the
predictive power of risk factors on hypertension.

Totally 6722 subjects aged ≥18 years were enrolled and prevalence of hypertension was 24.3%, while the prevalence of hypertension
based on the 2017 ACC/AHA guideline was approximately twice as high as that based on 2010 Chinese guideline (37.6%). Among
individuals with hypertension, 55.5% were aware of their condition. Six potential factors were estimated to be associated with increased risk
of hypertension including age, ethnicity, marital status, body mass index (BMI), waistline circumference, and comorbidity. In the analyses of
calculated risk score, BMI ≥ 28.0 corresponded to the highest risk score of 23 points. The area under the receiver operation curve for the
multivariable prediction model was 0.803 (95%CI: 0.789–0.813).

There is a considerable prevalence of hypertension among Xinjiang adults, northwest China; awareness of hypertension is low. Excess
weight loss may be a vital strategy for controlling hypertension, particularly if accompanied with other preventive measures in this region.

Abbreviations: ACC= American College of Cardiology, AHA= American Heart Association, BMI = bodymass index, BP= blood
pressure, CVD = cardiovascular disease, DBP = diastolic blood pressure, FBG = fasting blood-glucose, HDL-C = high density
lipoprotein cholesterol, LDL-C = low density lipoprotein cholesterol, OR = odd ratio; CI = confidence interval, ROC = receiver
operating characteristics, SBP = systolic blood pressure, SRS = simple random sampling, TC = total cholesterol, WC = Waistline
circumference.
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1. Introduction
Hypertension is the major and modifiable risk factor for
cardiovascular disease (CVD), which represents top cause of
death in China.[1,2] The burden of hypertension and CVD in
China is increasing along with urbanization, rapidly rising per
capital income and aging population.[3,4] In China, the most
populated country in the world, crude prevalence of hypertension
is about 27.9% in population aged ≥18 years,[5] up to 41.9% in
population aged ≥35 years,[6] whereas the control rate is only
15.3%, which is even unacceptably low (8.2%) in underdevel-
oped areas such as Xinjiang, compared with southeast of
China.[7] Although many factors have been reported to be
associated with hypertension among Xinjiang residents, includ-
ing lifestyle characteristics, socioeconomic factors, fasting blood-
glucose (FBG) and blood lipid.[8–10] However, the exact role and
effect value of these factors in predicting hypertension remain
unclear.
Xinjiang, a multi-ethnic underdeveloped province, is located in

Northwestern China, where historically hypertension is affecting
about 35% of population aged ≥35 years.[11] Also the prevalence
is even higher in some population such as Kazakh (52.6%),
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Uygur (54.6%), and Mongolians (39.5%) aged ≥30 years.[8]

Minority groups and Han have different cultural backgrounds,
customs and lifestyle. In addition, there are generally lower
level of culture and education, and the poor medical care
and residents health awareness, compared with other areas of
the country, leading to serious public health conditions
in Xinjiang.[9,11]

Previous research from many countries found that public
health and behavior intervention among different populations
can improve hypertension.[12] However, in order to effectively
prevent hypertension, it is necessary to determine the precise
magnitude, awareness, and contributors of hypertension.
Therefore, this study aimed to reveal the magnitude and
awareness rates of hypertension, and construct a targeted
hypertension scoring system and prediction model for identifying
the risk factors associated with hypertension and for early
screening the high-risk groups of hypertension. The results
provided the basis for the developing interventions for
hypertension in Xinjiang residents and may be of important
reference value for the screening and control of hypertension for
the Xinjiang area extending to the Belt and Road countries
including the same ethnicity which share common phenotypes
and genotypes.
2. Materials and methods

2.1. Study population

This cross-sectional study was conducted between 2012 and
2015 as a part of national study. A four-stage (city/county-
district/township-community/village-resident) stratified random
sampling method was used to select participants who were aged
15 years and older from the general population of Xinjiang. First,
two cities as the urban areas and five counties as rural areas were
selected using a probability proportional to size. Then two
districts or two townships were selected in each city or county
using simple random sampling (SRS). Next, in each district and
township, three communities or villages were chosen respectively
using SRS. Finally, participants stratified by sex (50% men and
50% women) and age (aged 15–24, 25–34, 35–44, 45–54, 55–
64, 65–74, ≥75 years) were chosen using SRS according to the
population composition. Participants were chosen from the list
provided by the local government registers of households.[5]

Sample size was estimated as N=6452, based on a design effect
of 1.8 and assuming a prevalence of hypertension of 16.0%
among the population aged ≥15 years and calculated. 15% of no
response rate was considered and about 7400 sample was
planned to be included. Finally, 7276 participants aged≥15 years
(with response rate: >95%) participated in the survey. The
selection criteria were as follows:
1. Residents who are living in the local for at least 6 months.
2. Residents who are willing to cooperate with the investiga-

tion.
3. Women who are not pregnant.
4. Residents who are able to and willing to perform

measurements including anthropometric and blood plasma
glucose and lipid test.
5. Residents with clear consciousness and without mental

diseases.
In the current analysis were assessed in population aged ≥18

years. This study was approved by the Fuwai Hospital Ethics
Review Board.
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2.2. Training and data collection

All study investigators and staff members were trained to be
familiar with both the aims of the study and the specific tools
and methods used. A standardized questionnaire developed by
the coordinating center, Fuwai Hospital, was administered by
trained staff to obtain information on demographic character-
istics, social-economic factors, health-related behaviors
(cigarette smoking, alcohol consumption),[5] disease status
(hypertension, diabetes, stroke, dyslipidemia, and other dis-
eases). Anthropometric variables were measured using standard
equipment and procedures (including blood pressure, height,
weight, and waist circumference).[13] Blood pressure (BP) was
measured with the OMRON HBP-1300 Professional Portable
Blood Pressure Monitor (OMRON, Kyoto, Japan) three times
on the right arm positioned at heart level after the participant
was sitting at rest for 5 min, with 30s between each
measurement with an observer present. The average of the
three readings was used for analysis. Height was measured
without shoes using a standard right-angle device and a fixed
measurement tape (to the nearest 0.5 cm). Body weight without
heavy clothing was measured using an OMRON body fat and
weight measurement device (V-body HBF-371, OMRON,
Kyoto, Japan). Waistline circumference (WC) was measured
in the midpoint between the lower rib and upper margin of the
iliac crest, measured by a ruler tape with an insertion buckle at
one end. WC was measured to the nearest 0.1cm. Body mass
index (BMI) was calculated as weight divided by the square of
height (kg/m2).
2.3. Blood plasma glucose and lipid measurements

All participants were fasting for ≥12h, and a 9-mL fasting blood
sample was collected from each participant who takes a
comfortable seat in the morning. The sample was centrifuged
at 2000rpm for 10min after the sample was stand at room
temperature for 45 min, and plasma was stored at lower �20°C.
Total cholesterol (TC), high density lipoprotein cholesterol
(HDL-C), low density lipoprotein cholesterol (LDL-C), and
fasting blood glucose (FBG) were tested in the Biochemistry
Laboratory of Fuwai Hospital. Quality control was strictly
followed by the procedure of blood collection, separation,
storage, transportation, and measuring processes.
2.4. Definitions

Hypertensionwas defined as systolic BP (SBP)≥140mmHg, and/
or diastolic BP (DBP) ≥90mmHg, and/or use of antihypertensive
medicine within 2 weeks (2010 Chinese guideline for the
management of hypertension). The prevalence hypertension
was also estimated according to the 2017 American College of
Cardiology (ACC)/American Heart Association (AHA) High
Blood Pressure Guideline.[14] All participants were asked whether
they had a medical diagnosis of hypertension (awareness).
Education status was categorized into three levels: primary and
lower, junior high and, senior high, and higher. Overweight and
obesity were defined as a BMI between 24.0 and 27.9kg/m2 and
of ≥28.0kg/m2. Abdominal obesity was defined as WC ≥ 90cm
in male, WC ≥ 85cm in female. Current smokers were defined as
participants who have smoked at least 20 packets of cigarettes in
their lifetime and currently smoke cigarettes; former smokers as
participants who have smoked at least 20 packets of cigarettes in
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Figure 1. The flow chart of recruiting the surveyed subjects including screening and eligibility.
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their lifetime, and quit smoking for at least 1 month; never
smokers as participants who never smoked or smoked <20
packets of cigarettes in their entire lifetime. Drinker was defined
as consuming at least once alcoholic beverage per week in the
past month.
2.5. Statistical analysis

Descriptive statistics were conducted for 6722 subjects at
baseline. Continuous variables were presented as means ±
standard deviations (m ± sd), and the student’s t test was used
to detect the statistical significances between hypertension and
non-hypertension. Categorical variables were expressed as
frequency (n) and proportion (%), and the chi-square test was
conducted to detect the difference between hypertension and
non-hypertension.
Steps of the assessment of risk factor and the development of

predictive model: First, the independent variables were coded
(Table-supplement1, http://links.lww.com/MD/D219). Univari-
able and multivariable logistic regression model was used to
select potential factors associated with increased risk of
hypertension. Second, an optimized Framingham risk model
was then used to calculate risk scores based on the selected risk
factors. Using previously described methods for determining
points associated with each of the categories of the risk factors
(Table supplement2, http://links.lww.com/MD/D219).[15] Third,
we determined risks associated with point totals. We attached a
risk estimate to each point total using the multiple logistic
regression equation. Total risk scores were then categorized into
three groups according to the estimated probability of hyperten-
sion: low (<16%), moderate (16–67%), and high (≥67%). All
above statistical analyses were performed using SPSS 19.0 for
Windows.
Receiver operating characteristics (ROC) curves, sensitivity

and specificity of the predicted probability of hypertension were
calculated to assess the predictive power of the final multivariable
model, and to determine the cut-off value for the predicted
probability of hypertension. The nomogram was build to
interpret the relation between probability risk of hypertension
and total points, which is more easily understood and
straightforward. Stata12.0 statistical software was conducted
in the statistical analyses.
3

3. Results

3.1. Population characteristics

A total of 6722 subjects aged 45.41±16.81 years were enrolled
from Xinjiang with women accounting for 51.8% and with
subjects from rural region accounting for 79.6% (Fig. 1). In terms
of proportion of ethnic groups, the number of enrolled subjects
were the largest in Han (n=2662, 39.6%), second in Kyrgyz (n=
1057, 15.7%), and followed by Kazakh (n=863, 12.8%), Tajik
(n=784, 11.7%), Mongolian (n=732, 10.9%), and Uygur (n=
187, 2.8%) subjects, most was primary and lower education
status (47%). As compared with residents without hypertension,
those who with hypertension were more likely to be elder,
minority, more likely to experience low education status and
widowed/divorced, more likely to have higher BMI, higher waist
circumference and comorbidities (Table 1).

3.2. Prevalence and awareness of hypertension

Among Xinjiang adults aged ≥18 years, the overall prevalence of
hypertension was 24.3% and similar for both genders (24.0% vs
24.6%, P= .912) and for urban and rural regions (23.0% vs
24.6%, P= .104) (Table 2). Uygur andMongolian ethnic subjects
had the highest prevalence of hypertension (28.3% and 27.9%,
respectively), followed by Kazakh and Tajik ethnic subjects
(26.9% and 25.0%, respectively). The prevalence of hyperten-
sion based on the 2017 ACC/AHA guideline was approximately
twice as high as that based on 2010 Chinese guideline (37.6%)
(Table 2). Of the hypertensive subjects, 55.5% (95% CI 53.8–
57.2%) were aware of having hypertension. Subjects from Hui
and Kyrgiz ethnic group had the lowest awareness (42.7% and
43.6%, respectively), followed by Tajik ethnic subjects (49.1%).
No significant difference was found between men and women, as
well as urban and rural settings in the awareness of hypertension
(Table 2).
3.3. Risk factors assessment

Risk factors were screened by univariable logistic regression, and
then build amultivariable logistic regressionmodel (Table 3). The
results suggested that age (OR=1.02; 95% CI, 1.02–1.02),
ethnicity (Kazakh: OR=1.31; 95% CI, 1.08–1.58, Uygur: OR=
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Table 1

Basic characteristics among Xinjiang residents with and without hypertension.

Characteristics Total N=6722 Hypertension N=1634 Non-hypertension N=5088 P-Value

Age (years) 45.41±16.81 50.55±16.79 43.76±16.48 <.001
Gender, men (n, %) 3242 (48.2) 779 (47.7) 2463 (48.4) .313
Ethnicity (n, %)
Han 2662 (39.6) 633 (38.7) 2029 (39.9) .004
Kazakh 863 (12.8) 232 (14.2) 631 (12.4)
Uygur 187 (2.8) 53 (3.2) 134 (2.6)
Mongolian 732 (10.9) 204 (12.5) 528 (10.4)
Hui 437 (6.5) 97 (5.9) 340 (6.7)
Kyrgiz 1057 (15.7) 219 (13.4) 838 (16.5)
Tajik 784 (11.7) 196 (12.0) 588 (11.6)

Education status (n, %)
Primary and lower 3162 (47.0) 871 (53.3) 2291 (45.0) <.001
Junior high 1806 (26.9) 413 (25.3) 1393 (27.4)
Senior high and higher 1754 (26.1) 350 (21.4) 1404 (27.6)

Regions (n, %)
Urban 1374 (20.4) 316 (19.3) 1058 (20.8) .237
Rural 5348 (79.6) 1318 (80.7) 4030 (79.2)

Marital status (n, %)
Single 853 (12.7) 123 (7.5) 730 (14.3) <.001
Married 5547 (82.5) 1396 (85.4) 4151 (81.6)
Widowed/Divorced 322 (4.8) 115 (7.1) 207 (4.1)
Body mass index (BMI, kg/m2) 24.61±4.29 26.81±4.37 23. 90±4.02 <.001
BMI: �23.9kg/m2 3190 (47.5) 413 (25.3) 2777 54.6) <.001
BMI: 24.0–27.9kg/m2 2187 (32.5) 618 (37.8) 1569 (30.8)
BMI: ≥28.0kg/m2 1345 (20.0) 603 (36.9) 742 (14.6)

Waist circumference (cm) 83.54±12.78 89.36±12.51 81.72±12.93 .350
Non- Abdominal obesity (n, %) 4028 (59.9) 613 (37.5) 3415 (67.1) <.001
Abdominal obesity (n, %) 2694 (40.1) 1021 (62.5) 1673 (32.9)

Smoking (n, %)
No smokers 4732 (70.4) 1150 (70.4) 3582 (70.4) .917
Former drinkers 373 (5.6) 93 (5.7) 280 (5.5)
Current smokers 1617 (24.1) 391 (23.9) 1226 (24.1)

Drinking (n, %)
No 5273 (78.4) 1283 (78.5) 3990 (78.4) .503
Yes 1449 (21.6) 351 (21.5) 1098 (21.6)

Comorbidity (n, %) 226 (3.4) 148 (9.1) 78 (1.5) <.001
TC(mmol/L) 4.59±0.93 4.59±0.97 4.59±0.91 .964
HDL-C(mmol/L) 1.39±0.31 1.39±0.32 1.39±0.30 .808
LDL-C(mmol/L) 2.67±0.76 2.67±0.79 2.67±0.75 .840
FBG(mmol/L) 5.37±1.46 5.39±1.60 5.36±1.41 .642

FPG= fasting plasma glucose, HDL-C=high-density lipoprotein cholesterol, hypertension based on BP ≥ 140/90 mm Hg, LDL-C= low density lipoprotein cholesterol, TC= total cholesterol.
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1.64; 95%CI, 1.15–2.34,Mongolian: OR=1.58; 95%CI, 1.29–
1.93, Tajikh: OR=1.19; 95% CI, 0.97–1.45 vs Han), marital
status (married: OR=1.37; 95% CI, 1.01–1.88 and widowed/
divorced: OR=1.54; 95% CI, 1.03–2.31 vs single), BMI (BMI:
24.0–27.9, OR=1.96; 95% CI, 1.66–2.33 and BMI ≥ 28.0,
OR=3.35; 95% CI, 2.73–4.12 vs BMI � 23.9), WC (abdominal
obesity: OR=1.67; 95% CI, 1.42–1.97 vs non-abdominal
obesity), and comorbidity (yes: OR=4.86; 95% CI, 3.61–6.56
vs no) were more likely associated hypertension. Thus, we
derived the following multivariable logistic regression equation:
Logit(probability of Xinjiang residents with hypertension j

XAge, XKazakh, XUygur, XMongolian, XHui, Xkyrgiz, XTajikh,
XMarried, XWidowed/Divorced, X24�BMI�28, XBMI≥24, XAbdominalo-

besity, XWithcomorbidity) =�3.276+0.021(age)+0.268(Kazakh)+
0.502(Uygur)+0.487 (Mongolian)+0.011(Hui)+0.020(kyrgiz)
+0.201(Tajikh)+0.210(married)+0.294 (widowed/divorced)+
0.655(24�BMI<28+1.187(BMI≥28)+0.476(abdominal obe-
sity)+1.582(with comorbidity)
4

3.4. Risk score for hypertension and assessment

The points corresponding to each of the risk factor categories
were shown in Table 4. We observed BMI ≥ 28.0 corresponded
to a highest risk score of 23 points, second was comorbidity (15
point), and followed by aged ≥65 (11 point). Each total point of
all participants showed that 1131 had a total risk score greater
than 34, which corresponded to an estimated probability of
hypertension of more than 67% (Table-S3, http://links.lww.com/
MD/D219). The area under the ROC curve (AUC) for the
multivariable prediction model was 0.803 (95%CI: 0.789–
0.813), and using the risk score cut-off value of 24 to identify
hypertension in a sensitivity and specificity value were 61.5% and
84.6%, respectively (Fig. 2).
Based on this six-risk factors logistic regression model, we

built the nomogram model for hypertension prediction in
Xinjiang residents. The nomogram model is showed in
Figure 3.
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Table 3

Univariable and multivariable analysis for hypertension.

Characteristics

Univariable
analysis

OR (95%CI) P-Value

Multivariable
analysis

OR (95%CI) P-Value

Age 1.02(1.02–1.02) <.001 1.02(1.02–1.02) <.001
Gender (vs men) 1
Women 1.03(0.93–1.16) .549

Ethnicity (vs Han) 1 1
Kazakh 1.18 (0.99–1.40) .069 1.31 (1.08–1.58) .005
Uygur 1.29 (0.93–1.79) .129 1.64 (1.15–2.34) .006
Mongolian 1.26 (1.05–1.51) .015 1.58 (1.29–1.93) <.001
Hui 0.93 (0.73–1.19) .570 0.99 (0.76–1.28) .935
Kyrgiz 0.84 (0.70–0.99) .043 0.98 (0.81–1.18) .836
Tajik 1.07 (0.89–1.28) .505 1.19 (0.97–1.45) .092

Education status
(vs primary and lower)

1

Junior high 0.78 (0.68–0.89) <.001
Senior high and higher 0.67 (0.59–0.77) <.001

Regions (vs rural) 1
Urban 1.09 (0.95–1.25) .237

Marital status (vs single) 1 1
Married 2.01 (1.65–2.46) <.001 1.37 (1.01–1.88) .048
Widowed/divorced 3.33 (2.48–4.47) <.001 1.54 (1.03–2.31) .038

BMI (vs �23.9) 1 1
24.0–27.9 2.64 (2.30–3.03) <.001 1.96 (1.66–2.33) <.001
≥28.0 5.47 (4.72–6.35) <.001 3.35 (2.73–4.12) <.001

WC (vs non-abdominal
obesity)

1 1

Abdominal obesity 3.42 (3.05–3.84) <.001 1.67 (1.42–1.97) <.001
Current smokers
(vs no smoking)

1

Former smoking 1.03 (0.81–1.31) .822
Current smoking 0.98 (0.86–1.12) .752

Drinking (vs no) 1
Yes 3.42 (3.05–3.84) <.001

Comorbidity (vs no) 1 1
Yes 6.11 (4.65–8.04) <.001 4.86 (3.61–6.56) <.001

TC 1.05 (0.92–1.20) .467
HDL-C 0.98 (0.74–1.29) .860
LDL-C 1.08 (0.94–1.25) .284
FBG 1.07 (0.78–1.46) .675

BMI=body mass index, CI= confidence interval, FPG= fasting plasma glucose, HDL-C=high-
density lipoprotein cholesterol, LDL-C= low density lipoprotein cholesterol, OR= odd ratio, TC= total
cholesterol, WC=waist circumference.

Table 2

Prevalence and awareness of hypertension among Xinjiang
residents s (%, 95%CI).

Characteristics Prevalence 1 Prevalence 2 Awareness

Age group
18–24 30.9 (29.1–32.8) 16.9 (15.4–18.4) 37.9 (33.1–42.6)
25–34 28.2 (26.5–29.9) 15.8 (14.4–17.2) 36.4 (31.7–41.1)
35–44 32.5 (30.9–34.2) 18.9 (17.5–20.3) 41.1 (37.0–45.1)
45–54 39.8 (37.9–41.6) 24.3 (22.7–26.0) 61.0 (57.2–64.8)
55–64 47.2 (44.8–49.5) 29.7 (27.6–31.8) 69.3 (65.4–73.2)
≥65 53.6 (51.4–55.7) 31.4 (29.4–33.4) 74.2 (70.9–77.6)
P value <0.001 <0.001 <0.001

Gender
Men 37.4 (36.3–38.5) 24.0 (22.3–25.8) 54.6 (52.2–57.0)
Women 37.8 (36.7–38.9) 24.6 (23.1–26.0) 56.5 (54.0–58.9)
P value 0.711 0.912 0.198

Ethnicity
Han 37.0 (35.9–38.0) 23.8 (22.5–25.1) 55.5 (53.1–58.0)
Kazakh 44.1 (42.9–45.2) 26.9 (25.6–28.1) 67.4 (65.0–69.9)
Uygur 41.5 (40.4–42.5) 28.3 (26.7–29.8) 50.4 (48.1–52.8)
Mongolian 38.8 (37.8–39.7) 27.9 (26.1–29.6) 55.1 (52.9–57.3)
Hui 32.1 (31.2–33.0) 22.2 (21.0–23.5) 42.7 (40.2–45.1)
Kyrgiz 33.1 (32.0–34.2) 20.7 (19.1–21.9) 43.6 (41.2–45.9)
Tajik 41.6 (40.4–42.7) 25.0 (23.9–26.2) 49.1 (47.0–51.2)
P value <0.001 <0.001 <0.001

Region
Urban 37.3 (36.2–38.4) 23.0 (21.9–24.1) 54.4 (53.2–56.5)
Rural 37.9 (36.8–38.9) 24.6 (23.4–25.9) 55.7 (53.4–57.8)
P value 0.660 0.104 0.337

Total 37.6 (36.8–38.4) 24.3 (22.5–26.2) 55.5 (53.8–57.2)

P1=prevalence of hypertension based on 2017 American guideline, P2=prevalence of hypertension
based on BP ≥ 140/90 mm Hg.

Wang et al. Medicine (2019) 98:36 www.md-journal.com
4. Discussion

This survey showed that one in four of Xinjiang adults aged ≥18
years had hypertension. The overall prevalence of hypertension in
Xinjiang populations was higher than national average (24.3%
vs 23.2%).[5] Without effective intervention, the burden of
hypertension will only exacerbate the epidemic of cardiovascular
and kidney diseases, especially in Uygur,Mongolian, and Kazakh
populations. Furthermore, our study indicated that approxi-
mately half of hypertensive patients were not aware of their
condition here. There are widening gap compared with high-
income countries in hypertension awareness.[16] Therefore, there
is an urgent need to identify effective interventions for the
prevention and control of hypertension in Xinjiang. We may
build appropriate model for assessing the risk of hypertension
and for identifying high-risk factors, which could early screen the
high-risk groups of hypertension and provide the basis for the
developing interventions for hypertension.
Several studies have found that the overweight and obesity are

the risk of hypertension.[17,18] Furthermore, hypertensive patients
who normalized their body mass index can largely improve BP
level and a number of metabolic and hormonal parameters.[19,20]

Our study suggested that a major risk factor for hypertension
among residents of Xinjiang is BMI≥ 28.0, associated the highest
addition to the risk score (23 points) of all of the risk factors
examined, similar to several epidemiological research conducted
in other countries.[21–23] Moreover, the overall prevalence of
obesity and abdominal obesity were 20.0% and 40.1%,
respectively and 36.9%, 62.5% among hypertensive patients.
5

Furthermore, numerous studies confirm the central role of
abdominal obesity as the main metabolic syndrome component
associated with early organ damage in the patients with
metabolic syndrome.[24] Therefore, our results may provide
very valuable information for excess weight loss is a critical
public health priority in prevention of hypertension in
Xinjiang residents.
Additionally, our study indicated that age is a risk factor for

hypertension in residents of Xinjiang, which is also in line with
reports from global epidemiological research, as the risk of
hypertension increases with age.[25,26] It is noteworthy that our
study found the married or widowed/divorced are independent
risk factors for hypertension, contributing 2 and 3 points to the
risk score, respectively. Although the widowed/divorced rate in
Xinjiang currently accounts for approximately 5%, this group of
people have a high risk of developing hypertension since they
continue to experience serious work- and life-related stress.[27,28]
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Figure 2. Receiver operating characteristic curves of final multivariable
prediction model for residents with hypertension.

Table 4

Risk score calculation for risk factors of hypertension in residents
of Xinjiang.

Predictor points

Age
�24 0
25∼ 2
35∼ 4
45∼ 6
55∼ 8
≥65 11

Ethnicity
Han 0
Kazakh 3
Uygur 5
Mongolian 5
Hui 0
Kyrgiz 0
Tajik 2

Marital status
Single 0
Married 2
Widowed/divorced 3

BMI (kg/m2)
�23.9 0
24.0–27.9 6
≥28.0 23

WC
Non-abdominal obesity 0
Abdominal obesity 5

Comorbidity
No 0
Yes 15

BMI=body mass index, WC=waist circumference.

Wang et al. Medicine (2019) 98:36 Medicine
Different ethnic groups have different genetic backgrounds and
enduring lifestyles which are associated with hyperten-
sion.[11,29,30] The findings from different ethnicity conducted in
the United States showed that the prevalence of hypertension was
Figure 3. Nomogram model for HT prediction in Xinjiang residents (e.g., a reside
comorbidity, the total point is 18 read from the above nomogram, and the corre

6

40.5% in non-Hispanic blacks, while 27.4% in non-Hispanic
whites.[31] An important finding of our study suggests that
minority ethnicity may be a major risk factor for hypertension
among Xinjiang, compared with Han ethnicity. The risk scores of
Kazakh, Uygur, Mongolian, and Tajikh were 3, 5, 5, and 2,
respectively, and corresponding to the OR were 1.31, 1.64, 1.58,
and 1.19, respectively. Previous studies have demonstrated that
minority population often consume unbalanced diet (e.g.,
excessive consumption of beef, sodium, alcohol, and mutton),
which increases the risk of hypertension.[29,32] More importantly,
Kazakh ethnicity is mainly distributed in Kazakhstan, Uzbeki-
stan, Russia, and China. Mongolian ethnicity in Russia, Republic
of Mongolia, and Inner Mongolia of China. Tajik ethnicity is
mainly distributed in Tajikistan, Uzbekistan and China.
However, there are few epidemiological studies on hypertension,
nt with age=45, Kazakh, divorced, BMI: 24–27.9, non-abdominal obesity, no
sponding probability of HT is 0.28[28%]).
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awareness, and hypertension associated factors. Therefore, the
present study may provide a theoretical basis for the prevention
and control of hypertension in the countries including the same
ethnicity which share common phenotypes and genotypes.
Current analysis is strengthened by relatively representative

study subjects and by diversity in ethnicity, which makes the
report one of the valuable information for public health sectors
and for clinical setting. In addition, using high-quality data
obtained in a systematic and standardized approach, hyperten-
sion was used to construct a prediction model for the multiple
ethnicity population, as similar studies have not been reported.
The results may be of important reference value for the
prediction, early screening and control of hypertension for
Xinjiang area extending to the Belt and Road countries with the
same ethnicity.
This study had some limitations. First of all, current analysis

failed to focus on information from diet such as salt intake,
which was associated factors of hypertension. Nonetheless,
previous studies provided data that daily salt intake of local
population is about 12.4–16.1g.[30,31] Second, our study design
was cross-sectional, the associations causality need cohort
studies with follow-up data to strengthen the understanding.
Indeed, we will follow the current population of this study for
several years.
5. Conclusions

There is a considerable prevalence of hypertension among
Xinjiang, northwest China; with low awareness. Excess weight
loss is a vital strategy for controlling hypertension, particularly if
accompanied with other preventive measures.
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