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Abstract

The objectives of the studywere to comprehend the prevalence of hypertension (HTN)

and prehypertension (PHT), awareness, treatment, and control of HTN and its distri-

bution in urban, agricultural, pastoral, and semi-agricultural/semi-pastoral areas, and

to explore the related factors of HTN among Mongolian adults in China. From August

2018 to August 2020, a multi-stage stratified cluster random sampling method was

conducted to investigate the prevalence of HTN among Mongolian adults aged ≥18

years living inChina (n=2558). Inclusion criteria forHTNwere systolic blood pressure

≥ 140 mm Hg and/or diastolic blood pressure ≥ 90 mm Hg and/or had hypertensive

history and/or taking antihypertensive drugs for HTN. The prevalence rates of HTN

and PHTwere 44.77% and 32.03%, respectively. The prevalence rates of PHT in urban,

agricultural, pastoral, and semi-agricultural/semi-pastoral areaswere 34.93%, 34.73%,

26.03%, and 33.44%, respectively, and the prevalence rates of HTN were 35.97%,

40.15%, 49.68%, and48.07%, respectively. The awareness, treatment and control rates

of HTNwere 66.48%, 58.93%, and 16.48%, respectively. In this survey, the overweight,

obesity, and central obesity rates were 34.30%, 30.67%, and 58.08%, respectively.

Compared with Chinese adults ≥18 years, the prevalence rate of HTN amongMongo-

lian adults in China aged≥ 18 yearswas relatively high; the prevalence rate of PHT and

HTN awareness, treatment, and control rateswere similar. The prevalence of HTN and

the ratesof obesity andcentral obesitywerehigher inpastoral regions than in theother

three types of regions, and the rate of overweight was highest in agricultural regions.
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1 INTRODUCTION

Hypertension (HTN) is a serious challenge all over the world because

of the condition’s high prevalence in adults and the consequent risk of

stroke and cardiovascular disease.1 The prevalence of HTN changes

with the level of progress of the economy, society, and civilization.

According to a systematic analysis, the global age-standardized preva-

lence of HTN in 2010 was 31.1%, about three-quarters of people with

HTN live inmiddle- or low-income countries, and the awareness, treat-

ment, and control rates of HTN were lower in middle- and low-income

countries than in high-income countries.2 HTN places a great bur-

den not only on individuals but also on society as a whole. Uncon-

trolled high blood pressure is reported to lead to premature death

and increases heart disease, stroke, kidney failure, blindness, and other

complications.3 High blood pressure is a risk factor for heart disease,4

and there is growing evidence that HTN seems to be associated with

common non-cardiovascular diseases, including dementia, cancer, oral

health diseases, and osteoporosis.5 In 2017, 2.54million people died of

HTN-related diseases in China, and 95.7%of these deathswere caused

by cardiovascular diseases.6

With the continuous reform and opening up seen in China, the

country is gradually overcoming poverty, with the population’s lives

reaching a comfortable level. However, the incidence of non-infectious

chronic diseases is on the rise. According to the results of the Chinese

HTNSurvey, conducted from2012 to 2015, the crude prevalence rates

of HTN and prehypertension (PHT) among Chinese adults aged ≥ 18

yearswere27.9%and39.1%, respectively.7 TheprevalenceofHTNhad

increased from 25.2% in 2012 to 27.9% in 2015.3 PHT is also known

as an independent risk factor for HTN and cardiovascular disease.8

However, in 2015, the awareness, treatment, and control rates of HTN

among Chinese adults were 51.5%, 46.1%, and 16.9%,7 respectively;

these numberswere higher than those in previous years, but therewas

still room for improvement.

HTN is affected by many factors. Some surveys have revealed large

differences in the relationship between genetic factors and HTN for

people of different races.9,10,11 Some studies have shown that Mon-

golian residents of China have a relatively high prevalence of HTN.

From 1991 to 2002, Mongolian were among the ethnic groups with

the highest prevalence of HTN in China, and in recent years (2003–

2015), Mongolia ranked among the top three countries nationwide

in terms of HTN prevalence.12 A study conducted by Han on urban

and rural areas in Inner Mongolia of China found the prevalence of

HTN in Inner Mongolia to be 50.91%.13 Chifeng’s 2018 study on

the Mongolian population and 2019 study on the Tongliao pastoral

districts reported the prevalence of HTN as 39.2%14 and 39.6%,15

respectively.

Historically, Mongolian people in China depended on animal hus-

bandry, with meat and milk as the main foods. With the develop-

ment of farming in North China, Mongolians’ diet culture, production,

and lifestyle changed; the proportion of their diet made up of grains

and vegetables gradually increased, and the proportion made up of

meat and milk gradually decreased, slowly dividing the Inner Mon-

golia region into agricultural, pastoral, and part-farming/part-pastoral

regions.16

Most studies on HTN amongMongolian people in China do not dis-

tinguish between urban, agricultural, pastoral, and part-farming/part-

pastoral regions. There are large differences in production, life-style,

and eating habits across these different types of regions, and the

impact of these factors on theprevalenceofHTNamongMongolia peo-

ple in China also varies.

This study investigated the prevalence of HTN and PHT, as well as

the awareness, treatment, and control rates of HTN amongMongolian

adults in China, with particular attention to different by type of region

(urban, agricultural, pastoral, or part-farming/part-pastoral). We dis-

cuss the risk factors for HTN among Mongolian people living in China,

which provides valuable information for the prevention and treatment

of HTN among this population.

2 METHODS

2.1 Survey participants

The flowchart of the study is shown in Figure 1. A survey with multi-

stage stratified cluster random sampling was conducted to investigate

the prevalence of HTN and PHT among Mongolian adults aged 18

years or older living in the Chinese regions of Tongliao City, Xilinhot

City, and Hohhot City on August 7–20, 2018, August 11–26, 2019,

and August 12–16, 2020, respectively. Mongolian adult refers to lin-

eal relative by blood up to three generations of the Mongolian nation-

ality. Ultimately, 2558 participants were recruited. Written informed

consent was obtained from each participant. The Ethics Committee of

Inner Mongolia Medical University (Inner Mongolia, China) approved

the study (Approval No.: YKD2016066).

2.2 Training and data collection

Before conducting the survey, all investigators participated in a

joint training program to standardize the survey methods, unify

the measurement standards, and ensure that investigators were

familiar with the questionnaire content and with the question-

naire completion instructions. During the survey, the investigators

explained the purpose and methods of the survey to the partic-

ipants and sought to obtain their cooperation to collect accurate

data. Blood biochemical tests, a physical examination (measurement

of height, weight, waist circumference, hip circumference, and blood

pressure), and a questionnaire survey (collect the general informa-

tion of the participates and 64 food intake history in the past

12 months, including the history of HTN, drug treatment, food

intake frequency, and intake per meal, etc.) was conducted for each

participant.
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F IGURE 1 The flowchart of the study

2.3 Blood pressure measurement

After 5 min of rest, the participants’ blood pressure was measured

twice with an interval of 10 min, using an Omron electronic sphygmo-

manometer (Omron L10; Dalian, China). The mean of the two mea-

surements was used for the analysis. Omron electronic sphygmo-

manometerwas provided by community health services and calibrated

regularly.

2.4 Outcome definitions

Inclusion criteria for HTN: (1) systolic blood pressure (SBP) ≥ 140 mm

Hg and/or diastolic blood pressure (DBP) ≥ 90 mm Hg3; (2) hyper-

tensive history; or (3) taking antihypertensive drugs for HTN. PHT

referred to SBP of 120–139 mm Hg and/or DBP of 80–89 mm Hg.

Dyslipidemia was defined as having any of the following: (1) total

cholesterol≥6.2mmol/L; (2) triglyceride≥2.3mmol/L; (3) low-density
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lipoprotein cholesterol ≥ 4.1 mmol/L; and (4) high-density lipoprotein

cholesterol≤ 1.0mmol/L.17

Awareness referred to theproportion of all participants categorized

as having HTN who reported a history of HTN diagnosed by a doctor.

Treatment referred to the proportion of people with high blood pres-

sure who were taking antihypertensive drugs. Control referred to the

proportion of people with HTNwho had blood pressure < 140/90 mm

Hg. Body mass index (BMI) was divided into four classes: ≤ 18.4 kg/m2

(underweight), 18.5–23.9 kg/m2 (normal weight), 24.0–27.9 kg/m2

(overweight), and≥ 28 kg/m2 (obese); central obesity referred to waist

circumference≥ 90 cm for men and≥ 85 cm for women.18

In line with the Chinese guidelines for adult physical activity,

physical activity level was divided into three grades: high (≥ 6.0

metabolic equivalents [METs]), medium (3.0–5.9 METs), and low (1.1–

2.9METs).19

On the basis of the mode of production, the participants’ regions

of residence were categorized as urban, agricultural, pastoral, or semi-

agricultural/semi-pastoral areas.20,21 UrbanMongolians refer to those

who live and work in cities. In the agricultural areas, Mongolians are

mainly agricultural. TheMongolians in pastoral areasmaintain the pro-

duction and life style based on the traditional animal husbandry econ-

omy. The Mongolians in the semi-agricultural/semi-pastoral areas are

engaged in animal husbandry and agriculture.

2.5 Statistical analysis

EpiData 3.1 database software was used to record data from the ques-

tionnaires. This error comparison software was used for logical error

correction during the input process. At the same time, double-person

input was used to identify and correct errors to ensure the accuracy of

the data entry.

Continuous variables are described asmeans± standard deviations,

and Student’s t-test or ANOVA was used for between-group compar-

isons. Categorical variables are described as percentages, and the chi-

square test was used for comparisons between groups. The Mantel–

Haenszel chi-square test was used to test trends of linear change.

Logistic regression was used for the multivariate analysis. SAS soft-

ware, Version 9.4 (SAS Institute Inc., Cary, NC, USA) was used to

conduct descriptive statistical tests to examine differences between

groups. Differences were considered statistically significant when the

p value was< .05.

3 RESULTS

3.1 Participants characteristics

In total, 2558 people were included in the survey. Participants with

missing data on blood pressure and those of non-Mongolian ethnic-

ity were excluded. The final analytic sample included data on 2426

participants (19.83% urban, 16.74% agricultural, 25.97% pastoral, and

37.47% part-farming/part-pastoral; 38.54%men, and 61.46%women),

with an average age of 50.68 ± 14.00 years. The overweight, obesity,

and central obesity rates were 34.30%, 30.67%, and 58.08%, respec-

tively. Table 1 shows the basic characteristics of the participants in

this survey. Except for calorie group and fat group, significant differ-

ences were found in all characteristics across urban, agricultural, pas-

toral, and part-farming/part-pastoral regions. Except for average age,

age group, BMI category, central obesity, total cholesterol, low-density

lipoprotein cholesterol, family history ofHTNand diabetes, therewere

significant sex differences in all examined characteristics.

3.2 Prevalence of HTN and PHT

Survey data from a 2019 national sample were used to standardize the

prevalenceofHTNandPHT in the researchpopulation,with a sampling

ratio of 0.780 to 1000 population.22 As Table 2 shows, the prevalence

rates of HTN and PHT were 44.77% and 32.03%, respectively (stan-

dardized rates: 35.50% and 34.99%, respectively), and men had higher

prevalence than did women (50.91% vs. 40.91% for HTN, 35.40% vs.

29.91% for PHT, p < .05). The prevalence of HTN differed significantly

by all examined variables (p < .05) except smoking, family history of

diabetes, calorie group, fat group, carbohydrate group, and total fiber

group. The prevalence ofHTN increasedwith age andBMI (p< .05) and

was higher for those with central obesity than for those with normal

waist circumference (p < .05). The prevalence of PHT differed signifi-

cantly by all examined variables (p < .05) except family history of dia-

betes, calorie group, protein group, fat group, carbohydrate group, and

total fiber group. The prevalence of PHT was the highest in the 25–34

years age group (45.83%), in the 18.5–23.9 kg/m2 BMI group (35.64%),

in the normal waist circumference group (36.21%), and in the urban

group (34.93%).

3.3 Awareness, treatment, and control of HTN

The results on theawareness, treatment, and control ofHTNare shown

in Table 3. Of the 1086 participants with HTN, 722 knew about their

condition, 640 were taking antihypertensive drugs, and 179 kept their

blood pressure at a normal level. The awareness, treatment, and con-

trol rates of HTN were 66.48%, 58.93%, and 16.48%, respectively.

There were statistically significant differences in awareness rate by

all examined variables except smoking and family history of diabetes.

There were significant differences in treatment rate by all examined

variables except sex, smoking, and family history of diabetes. Control

rate showed statistically significant differences by all examined vari-

ables except BMI groups, smoking, family history of diabetes and HTN.

The rates of HTN awareness, treatment, and control were higher for

women than for men (69.18% vs. 63.03%, 62.46% vs. 54.41%, and

20.33% vs. 11.55%, respectively) and these rates were highest in the ≥

65 years age group (80.00%, 74.34%, and 25.66%, respectively). These

rates increased with BMI (P < .05), and the awareness, treatment, and

control rates were also higher in the central obesity group than in

the normal waist circumference group (70.03% vs. 57.34%, 62.97% vs.

48.25%, and 16.62% vs. 16.08%, respectively; P< .05).
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TABLE 2 Prevalence of prehypertension and hypertension inMongolian adults in China

Parameters Total Normal (n, %)
Prehypertension (n,

%)

p value for
prehypertension Hypertension (n, %)

p value for
hypertension

Total 2426 563 (23.21) 777 (32.03) 1086 (44.77)

Sex (n, %)

Men 935 128 (13.69) 331 (35.40) .005 476 (50.91) <.000

Women 1491 435 (29.18) 446 (29.91) 610 (40.91)

Age (years) (n, %)

18–24 106 54 (50.94) 45 (42.45) <.000 7 (6.60) <.000

25–34 240 108 (45.00) 110 (45.83) 22 (9.17)

35–44 398 154 (38.69) 146 (36.68) 98 (24.62)

45–54 633 121 (19.12) 215 (33.97) 297 (46.92)

55–64 638 76 (11.91) 167 (26.81) 395 (61.91)

≥64 404 50 (12.38) 89 (22.03) 265 (65.59)

p a value <.0001 <.0001

BMI (kg/m2) (n, %)

≤18.4 63 37 (58.73) 15 (23.81) .002 11 (17.46) <.000

18.5–23.9 780 266 (34.10) 278 (35.64) 236 (30.26)

24.0–27.9 832 179 (21.51) 280 (33.65) 373 (44.83)

≥28.0 744 81 (10.89) 203 (27.28) 460 (61.83)

p a value .0069 <.0001

Central obesity group (n, %)

Normal 1008 357 (35.42) 365 (36.21) .000 286 (28.37) <.000

Central obesity 1409 204 (14.48) 411 (29.17) 794 (56.35)

Region (n, %)

Urban 481 140 (29.11) 168 (34.93) .002 173 (35.97) <.000

Agricultural 406 102 (25.12) 141 (34.73) 163 (40.15)

Pastoral 630 153 (24.29) 164 (26.03) 313 (49.68)

Part-farming/part-

pastoral

909 168 (18.48) 304 (33.44) 437 (48.07)

T2DM (n, %)

No 2155 519 (24.08) 711 (32.99) .004 925 (42.92) <.000

Yes 271 44 (16.24) 66 (24.35) 161 (59.41)

Dyslipidemia (n, %)

No 1386 405 (29.22) 488 (35.21) .000 493 (35.57) <.000

Yes 1040 158 (15.19) 289 (27.79) 593 (57.02)

Family history of hypertension (n, %)

No 1213 287 (23.66) 415 (34.21) .021 511 (42.13) .009

Yes 1213 276 (22.75) 362 (29.84) 575 (47.40)

Family history of diabetes (n, %)

No 2127 489 (22.99) 683 (32.11) .815 955 (44.90) .724

Yes 299 74 (24.75) 94 (31.44) 131 (43.81)

Calorie (kcal/d) (mean±

SD)

1731.58±1701.53 1734.88±1109.30 1723.85±896.74 .841b 1734.79±2282.33 .999b

Nutrients (g/d) (mean± SD)

Protein 94.83±102.16 99.93±96.44 99.60±109.62 .954b 88.84±99.98 .024b

Fat 51.65±75.16 51.60±48.32 49.96±35.20 .475b 52.79±102.05 .785b

(Continues)
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TABLE 2 (Continued)

Parameters Total Normal (n, %)
Prehypertension (n,

%)

p value for
prehypertension Hypertension (n, %)

p value for
hypertension

Carbohydrate 248.96±232.59 250.93±159.32 251.96±136.35 .899b 245.89±305.99 .703b

Total fiber 13.06±9.03 13.26±7.97 13.44±8.77 .709b 12.70±9.72 .218b

Level of education (n, %)

Primary school or

below

1122 184 (16.40) 320 (28.52) .001 618 (55.08) <.000

Secondary school 533 141 (26.45) 176 (33.02) 216 (40.53)

High school or above 765 238 (31.11) 279 (36.47) 248 (32.42)

Smoking status (n, %)

No 1901 472 (24.83) 582 (30.62) .000 847 (44.56) .667

Yes 524 91 (17.37) 194 (37.02) 239 (45.61)

Consumption of alcohol (n, %)

Yes 811 180 (22.19) 296 (36.50) .000 335 (41.31) .015

No 1615 383 (23.72) 481 (29.78) 751 (46.50)

Activity status (n, %)

Low intensity 885 197 (22.26) 275 (31.07) .000 413 (46.67) <.000

Medium strength 985 214 (21.73) 285 (28.93) 486 (49.34)

High strength 556 152 (27.34) 217 (39.03) 187 (33.63)

Working status (n, %)

No 457 77 (16.85) 119 (26.04) <.000 261 (57.11) <.000

Yes 1960 485 (24.74) 653 (33.32) 822 (41.94)

Marriage status (n, %)

Unmarried 218 105 (48.17) 90 (41.28) <.000 23 (10.55) <.000

Married or cohabiting 1949 424 (21.75) 626 (32.12) 899 (46.13)

Widowed, divorced or

separated

248 33 (13.31) 54 (21.77) 161 (64.92)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

SBP, systolic blood pressure; T2DM, type 2 diabetes; T2DM, Type 2DiabetesMellitus; TC, total cholesterol; TG, triglycerides.
aMantel Haenszel chi-square test.
bComparedwith the normal group.

3.4 Prevalence of HTN and PHT, overweight,
obesity, and central obesity in urban, agricultural,
pastoral, and part-farming/part-pastoral regions

In urban, agricultural, pastoral, and part-farming/part-pastoral regions,

the prevalence of PHT was 34.93%, 34.73%, 26.03%, and 33.44%,

respectively, and the prevalence of HTN was 35.97%, 40.15%,

49.68%, and 48.07%, respectively. People living in pastoral regions

had a higher HTN prevalence compared with those in other three

regions (p < .05). The overweight rate was 32.85% in urban,

37.19% in agricultural, 34.29% in pastoral, and 33.77% in part-

farming/part-pastoral regions. Obesity was found among 22.66%

of urban-region participants, 18.97% of agricultural-region partici-

pants, 38.10% of pastoral-region participants, and 34.98% of part-

farming/part-pastoral-regionparticipants. The central obesity ratewas

44.28%, 60.34%, 67.46%, and 57.87% in urban, agricultural, pastoral,

and part-farming/part-pastoral regions, respectively. In urban, agri-

cultural, pastoral, and part-farming/part-pastoral regions, the HTN

awareness rate was 71.10%, 69.33%, 77.64%, and 55.61%, respec-

tively; the treatment rate was 62.43%, 58.90%, 70.93%, and 48.97%,

respectively; and the control rate was 20.81%, 20.86%, 20.45%,

and 10.30%, respectively (Figures 2–4). The awareness and treat-

ment rates were higher in pastoral regions than in the other

three types of regions (p < .05), and the control rate was higher

in agricultural regions than in the other three types of regions

(p< .05).

3.5 Multivariable risk assessment

Age ≥35 years, overweight, obesity, central obesity, male sex, dyslipi-

demia, and family history of HTN were risk factors for HTN (p < .05).



YU ET AL. 1795

TABLE 3 Awareness, treatment, and control of hypertension inMongolian adults in China

Parameters Hypertension

Awareness, n
(%)

p value for
awareness

treatment, n
(%)

p value for
treatment control, n (%)

p value for
control

Total 1086 722 (66.48) 640 (58.93) 179 (16.48)

Sex

Men 476 300 (63.03) .047 259 (54.41) .243 55 (11.55) .026

women 610 422 (69.18) 381 (62.46) 124 (20.33)

Age (years)

18–24 7 3 (42.86) <.000 1 (14.29) <.000 1 (14.29) <.000

25–34 22 4 (18.18) 2 (9.09) 1 (4.55)

35–44 98 40 (40.82) 30 (30.61) 7 (7.14)

45–54 297 175 (58.92) 157 (52.86) 29 (9.76)

55–64 395 287 (72.66) 252 (63.80) 72 (18.23)

≥65 265 212 (80.00) 197 (74.34) 68 (25.66)

p a value <.0001 <.0001 <.0001

BMI (kg/m2)

≤18.4 11 6 (54.55) <.000 6 (54.55) <.000 3 (27.27) .149

18.5–23.9 236 153 (64.83) 124 (52.54) 51 (21.61)

24.0–27.9 373 231 (61.93) 208 (55.76) 56 (15.01)

≥28.0 460 330 (71.74) 300 (65.22) 68 (14.78)

p a value <.0001 <.0001 .037

Central obesity group

Normal 286 164 (57.34) <.000 138 (48.25) <.000 46 (16.08) <.000

Central obesity 794 556 (70.03) 500 (62.97) 132 (16.62)

Region

Urban 173 123 (71.10) <.000 108 (62.43) <.000 36 (20.81) .001

Agricultural 163 113 (69.33) 96 (58.90) 34 (20.86)

Pastoral 313 243 (77.64) 222 (70.93) 64 (20.45)

Part-farming/part-pastoral 437 243 (55.61) 214 (48.97) 45 (10.30)

T2DM

No 925 592 (64.00) <.000 524 (56.65) <.000 146 (15.78) .001

Yes 161 130 (80.75) 116 (72.05) 33 (20.50)

Dyslipidemia

No 493 301 (61.05) <.000 263 (53.35) <.000 74 (15.01) <.000

Yes 593 421 (70.99) 377 (63.58) 105 (17.71)

Family history of hypertension

No 511 328 (64.19) .003 290 (56.75) .006 91 (17.81) .816

Yes 575 394 (68.52) 350 (60.87) 88 (15.30)

Family history of diabetes

No 955 637 (66.70) .590 564 (59.06) .687 152 (15.92) .243

Yes 131 85 (64.89) 76 (58.02) 27 (20.61)

Level of education

Primary school or below 618 428 (69.26) <.000 391 (63.27) <.000 120 (19.42) <.000

Secondary school 216 143 (66.20) 120 (55.56) 25 (11.57)

High school or above 248 148 (59.68) 127 (51.21) 34 (13.71)

Smoking status

No 847 571 (67.41) .589 507 (59.86) .554 145 (17.12) .377

Yes 239 151 (63.18) 133 (55.65) 34 (14.23)

(Continues)
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TABLE 3 (Continued)

Parameters Hypertension

Awareness, n
(%)

p value for
awareness

treatment, n
(%)

p value for
treatment control, n (%)

p value for
control

Consumption of alcohol

No 751 534 (71.11) <.000 485 (64.58) <.000 140 (18.64) <.000

Yes 335 188 (56.12) 155 (46.27) 39 (11.64)

Activity status

Low intensity 413 254 (61.50) <.000 225 (54.48) <.000 57 (13.80) <.000

Medium strength 486 353 (72.63) 318 (65.43) 100 (20.58)

High strength 187 115 (61.50) 97 (51.87) 22 (11.76)

Working status

No 261 190 (72.80) <.000 166 (63.60) <.000 54 (20.69) <.000

Yes 822 529 (64.36) 471 (57.30) 125 (15.21)

Marriage status

Unmarried 23 11 (47.83) <.000 7 (30.43) <.000 6 (26.09) <.000

Married or cohabiting 899 588 (65.41) 520 (57.84) 136 (15.13)

Widowed, divorced or

separated

161 121 (75.16) 111 (68.94) 37 (22.98)

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

SBP, systolic blood pressure; T2DM, type 2 diabetes; T2DM, Type 2DiabetesMellitus; TC, total cholesterol; TG, triglycerides.
aMantel Haenszel chi-square test.

F IGURE 2 Prevalence of PHT andHTN in urban, agricultural, pastoral, and semi-agricultural/semi-pastoral areas

Residence in agricultural areas and physical activity were protective

factors for HTN (p< .05), as shown in Table 4.

4 DISCUSSION

A total of 2426 Mongolian adults aged 18 years or older living in

China participated in this survey. The prevalence rates of HTN and

PHTwere 44.77% (standardized prevalence: 35.50%; women: 40.91%,

men: 50.91%) and 32.03% (standardized prevalence: 34.99%; women:

29.91%, men 35.40%), respectively. The awareness, treatment, and

control rates of HTNwere 66.48%, 58.93%, and 16.48%, respectively.

The prevalence of HTN among Mongolians in China in this sur-

vey was 44.77%, which was higher than the prevalence in Beijing

(35.9%), Tianjin (34.5%), and Shanghai (29.1%), the most developed

provinces in China.7 The HTN prevalence seen among Mongolians in
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F IGURE 3 Awareness, treatment, and control rates of HTN in urban, agricultural, pastoral, and semiagricultural/semi-pastoral

F IGURE 4 Overweight, obesity, and central obesity rates in urban, agricultural, pastoral, and semiagricultural/semi-pastoral areas

China was also higher than that found in some developed countries,

including that found amongUS adults (29.1%)23 and inCanada (19.5%),

England (30%),24 and Spain (42.6%).25 The overall HTN prevalence for

Mongolians in China was also higher than the prevalence reported

for other ethnic minorities in China, such as Tibetans (36%)26 and

Uyghurs (15.73%).27 In our study, the prevalence ofHTNwas observed

to increasewith age and BMI and to be higher formen than forwomen,

which is in line with previous studies.28 Existing studies have shown

thatHTN is associatedwithBMI, familyhistory,waist–hip ratio, chronic

disease history, and eating habits.29 In the past 18 years, the preva-

lence of obesity in China has increased significantly.30 High BMI is a

risk factor for HTN, and previous studies have demonstrated a quan-

titative relationship between BMI and HTN.31 Overweight affects the

incidence of HTN.32 Overweight and obesity are associated with a

remarkable increase in the hazard of all-cause death in the world’s

population33 and are also major risk factors for HTN. In the survey in
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TABLE 4 Factors associated with the prevalence of hypertension inMongolian adults in China

Parameters β S.E. Wald p value Odds ratio (OR) OR 95% CI

Age (years) 242.119 .000

18–24 −0.081 0.491 0.027 .868 0.922 0.352,2.411

25–34 1

35–44 1.105 0.268 17.035 .000 3.019 1.787,5.103

45–54 2.083 0.257 65.840 .000 8.029 4.854,13.279

55–64 2.731 0.258 112.098 .000 15.350 9.258,25.449

≥64 2.983 0.270 122.016 .000 19.749 11.632,33.528

BMI (kg/m2) 36.922 .000

≤18.4 −0.646 0.387 2.786 .095 0.524 0.246,1.119

18.5–23.9 1

24.0–27.9 0.290 0.138 4.419 .036 1.337 1.020,1.753

≥28.0 0.868 0.162 28.434 .000 2.382 1.733,3.273

Sex 0.532 0.101 27.820 .000 1.703 1.397,2.075

Central obesity group 0.286 0.134 4.579 .032 1.332 1.024,1.731

Region 19.514 .000

Urban 1

Agricultural −0.594 0.172 11.939 .001 0.552 0.394,0.773

Pastoral −0.011 0.160 0.005 .944 0.989 0.722,1.353

Part-farming/par-pastoral −0.007 0.158 0.002 .965 0.993 0.729,1.352

Dyslipidemia 0.346 0.101 11.758 .001 1.413 1.198,1.774

Family history of hypertension 0.341 0.099 11.970 .001 1.407 1.159,1.707

Activity status 9.393 .009

Low intensity −0.228 0.118 3.739 .053 0.796 0.632,1.003

Medium strength 1

High strength −0.413 0.138 8.943 .003 0.662 0.505,0.867

Abbreviation: BMI, bodymass index.

the present study, the rates of overweight, obesity, and central obe-

sity were 34.30%, 30.67%, and 58.08%, respectively. For overweight

and obesity, these rates are higher than the respective rates of 31.6%

and 12.1% among Chinese adults in 20157 and 14.6% and 3.4% among

Indian adults in 2016.34 Weight control is essential in the prevention

andmanagement of HTN.

The prevalence of PHT in this survey was 32.03%, which is similar

to previous findings of 32.30% in Jiangxi Province and 32.10% in Zhe-

jiang Province35 and lower than previous finding of 36.00% in north-

ern China,36 34.00% among adults in Taiwan,37 36.10% among Brazil-

ian adults,38 43.9% among adults in England, 36.0% among adults in

USA,24 and 35.4% among Nepal adults.39 Our finding for the preva-

lence of PHT in pastoral regions (26.03%) was lower than that found

among Mongolians in China as a whole. Urban (34.93%), agricultural

(34.73%), and semi-agricultural/semi-pastoral (33.44%) regions had

higher prevalence of PHT compared with the overall region. Some pre-

vious studies have shown that PHT is more common among men than

among women,40 which is consistent with the results of the present

study. Numerous studies have shown that PHT is associated with car-

diovascular and cerebrovascular events, diabetes, and organ damage

and that, compared with those with normal blood pressure, people

with PHT are more likely to develop HTN.41 To manage the condition

of the HTN-prone population, comprehensive lifestyle interventions,

including nutritional guidance, exercise recommendations, psycholog-

ical support, and smoking cessation programs are needed.6

We found that the prevalence of HTN was relatively high in

urban, agricultural, pastoral, and part-farming/part-pastoral regions.

The overweight rate was higher in agricultural regions than in the

other three types of regions, and the obesity and central obesity rates

were highest in pastoral regions. Thus, the highest rates of overweight

and obesity were found in agricultural and pastoral regions, respec-

tively, and thehighest prevalence rates of PHTandHTNwereobserved

in urban and pastoral regions, respectively. However, the prevalence

rates of PHT found in urban and rural regions were very close. Differ-

ences in HTN prevalence are affected by regional variation in topogra-

phy, eating habits, living habits and genetic factors. Body composition

differenceshavebeenobservedbetweenChineseMongolians andpeo-

ple of other nationalities in China, which is related to genetic and envi-

ronmental factors.42 Some studies have found that specific food group

consumption patterns are significantly associated with HTN.43 In the
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present study, exercisewas a protective factor forHTN amongMongo-

lian people living in China. Proper exercise can prevent HTN because

physical exercise can improve the blood supply in the human body and

make the circulatory system functionwell.44 Aprevious study reported

that the prevalence of HTN declined as education increased and that,

compared with the general population, the hazard of HTN was about

twice as high among people with diabetes, about 50% higher among

people with dyslipidemia, and about twice as high among people with

a family history of HTN.45 A different study found that, comparedwith

nonsmokers, smokers had a higher risk ofHTN.15 Long-termandexces-

sive drinking can also lead to elevated blood pressure.46,47 However, in

the present study, we did not find drinking or smoking to have an effect

onHTN,whichmaybe related to thediet and living habits ofMongolian

people in China.

In China, the rates of HTN awareness, treatment, and control,

respectively, were 30.2%, 24.7%, and 6.1% in 2002; 46.5%, 41.1%,

and 13.8% in 2012; and 51.5%, 46.1%, and 16.9% in 2015.7 A previ-

ous study of Mongolian people in China reported the rates of HTN

awareness, treatment, and control to be 43.5%, 31.6%, and 8.3%,

respectively.48 In the present survey, these three rates among Mon-

golian people living in China were found to be close to the national

level. The rates ofHTNawareness, treatment, and control are gradually

increasing among Mongolian people in China, which is related to the

great progress of Healthcare Quality and Access Index since 1990.49

The rates of HTN awareness, treatment, and control in urban, agri-

cultural, pastoral, and part-farming/part-pastoral regions in this study

were similar to the national Chinese level but higher than those pre-

viously reported among Tibetans (45%, 30%, and 7%)26 and Uyghurs

(59.57%,52.74%, and21.29%)27 inChina. Thesedifferences are closely

related to regional variation in economy and culture. Poormedical con-

ditions, lack of health service personnel, and insufficient service abil-

ity and health education in remote areas all affect the control of HTN.

Our finding suggested that, among Mongolian people living in China,

the rates ofHTN treatment, awareness, and controlwere higher in pas-

toral than in the other three types of regions, indicating that the atten-

tion to pastoral regions has been gradually improved in recent years.

However, the rates of HTN awareness, treatment, and control found

amongMongolian people in China in this surveywere lower than those

reported for developed countries such as the United States, where

these rates are 84.2%, 77.9%,50 and43.7%,51 respectively. In our study,

these three rates were highest in the ≥ 65 years age group. A previ-

ous study showed that patients aged over 50 years were more likely

to be affected by HTN and related complications and that physical dis-

comfort and economic burden are likely to encourage individuals to

understand HTN-related knowledge and health education, enhancing

their health awareness and self-management ability.52 This is consis-

tent with the results of our study.

Meat, grain, and milk are the main food in urban and semi-

agricultural/semi-pastoral areas; theMongolian diet in the agricultural

areas is mainly grain, the Mongolian diet in pastoral areas is based

on meat and milk.21 In contrast, the intake of dietary fiber in pas-

toral areas is less. A survey in the United States found that total fiber

intake, cereal, and plant fiber intake were associated with reducing the

risk of high blood pressure.53 A study has shown that a protein diet

can lower blood pressure compared to a standard, high-carbohydrate

Dietary Approaches to Stop HTN diet.54 The HTN group in this study

had lower protein intake than the normal group. A survey has shown

that dietary structure55 affects the occurrence of chronic diseases in

different regions of China. However, the influence of dietary structure

in different regions on the prevalence of HTN inMongolians needs fur-

ther study.

The Global Heart Initiative has developed five programs to pro-

mote cardiovascular health, including the MPOWER package to con-

trol tobacco, the ACTIVE package to increase physical activity, the

SHAKE package to reduce salt, the REPLACE package to eliminate

industrially produced trans fats from the global food supply, and the

HEARTS technology package to strengthen the management of cen-

tral vascular disease in primary health care.56 China has developed a

blood pressure health management path and assessment system for

the whole population, providing a full range of blood pressure health

management service guidance, including health information collection,

screening and evaluation, dietary guidance, exercise intervention, psy-

chological counseling and drug therapy.18

In general, for theMongolian in InnerMongolia AutonomousRegion

inChina, the community should strengthen the relevant publicity activ-

ities, publicize the harm of HTN, and how to prevent HTN by chang-

ing lifestyle and eating habits, improve the compliance of patients with

medication, improve prognosis, strengthen the management of HTN

patients, reduce the incidence of HTN, and improve the rates of aware-

ness, treatment, and control of HTN.

4.1 Limitations

This survey had several limitations. First, the study was completed in

three consecutive years; however, all surveyswere administeredby the

same team and in the same calendar month each year. Second, there

were more middle-aged people in this sample than in the overall pop-

ulation; however, because we standardized the prevalence of HTN to

a 2019 national sample, the representativeness of our finding is very

strong. Third, because this research relied on a cross-sectional survey,

the ability to infer causality is weak, and it was therefore difficult to

explore the causal relationships between various factors andHTN.

5 CONCLUSIONS

In conclusions, compared with the national level, the results of this

cross-sectional survey showed that the prevalence of HTN was higher

among Mongolian adults aged ≥18 years in China; the rates of obe-

sity, overweight and central obesity were relatively high; the preva-

lence of PHT, the awareness, treatment, and control rates of HTNwere

similar, but the overall rate was low. The prevalence of HTN and the

rates of obesity and central obesity were higher in pastoral regions

than in the other three types of regions, and the rates of overweight

was highest in agricultural regions. This survey and previous research
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have demonstrated that HTN has become an important public health

problem threatening theMongolian people in China.
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