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Abstract: Background: Prehypertension is a category between normotension and hypertension that is
becoming increasingly common in China. However, limited data are available on the prevalence and
correlates of prehypertension in northeastern China. Methods: A cross-sectional study using stratified,
clustered multistage, and random sampling methods was performed on 17,584 participants. Results:
The prevalence of prehypertension and hypertension was 36.0% and 30.8% in northeastern China,
respectively. As age increased, the prevalence of prehypertension in males declined (p-trend < 0.001),
in parallel to an increase in the prevalence of hypertension (p-trend < 0.001). The prevalence
of hypertension for females increased as age increased (p-trend < 0.001). Logistic regression
analysis showed that age, gender, location, drinking, Body Mass Index (BMI), abdominal obesity,
hypertriglyceridemia, and hypercholesterolemia correlated with prehypertension and hypertension
(p-trend < 0.05). Conclusions: This study revealed a high prevalence of prehypertension and
hypertension in an adult population of northeastern China and some correlates of prehypertension
and hypertension.
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1. Introduction

Hypertension is one of the major risk factors for global mortality and is estimated to have caused
9.4 million deaths, according to the WHO Global Status Report on Non-communicable Diseases in
2014 [1]. The prevalence of hypertension in the adult population varies from 5.2% to 70.7% worldwide,
and it is estimated that more than 1.5 billion individuals currently have hypertension [2,3]. To draw
attention to the increased risks resulting from elevated blood pressure, the concept of prehypertension
has been defined. Prehypertension is a new category between normotension and hypertension
and was proposed by the Seventh Report of the Joint National Committee (JNC-7) on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure in 2003 [4]. It is defined as systolic blood
pressure (SBP) of 120–139 mmHg and/or diastolic blood pressure (DBP) of 80–89 mmHg in adults
18 years and older. According to the standard of the JNC-7, individuals with prehypertension have
a higher risk of developing clinical hypertension than those with ideal blood pressure levels, and they
have an increased risk of cardiovascular disease [5,6]. According to the study of M.Fareed et al. [7],
prehypertension is associated with a 1.7-fold increase in coronary artery disease and a 3.5-fold increase
in myocardial infarction.
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With the recent rapid economic growth and urbanization of China, the prevalence of hypertension
and prehypertension has increased significantly. Although numerous studies have focused on
prehypertension, epidemiological data on the prevalence and correlates of prehypertension and
hypertension in northeastern China are limited. The aims of the present study were: (1) to estimate
the prevalence of prehypertension and hypertension in the Jilin Province in northeastern China;
(2) to examine the correlates of prehypertension and hypertension from a population-based study of
Chinese adults; and (3) to provide scientific references on the primary prevention, early detection, and
intervention strategies for treating prehypertension and hypertension.

2. Experimental Section

2.1. Subjects

Data were obtained from a large-scale, cross-sectional epidemiological study in Jilin Province in
2012. Community residents who were aged 18–79 years old and had lived in Jilin Province for 6 months
were recruited. A sample of 1‰ of the total population was used to obtain a representative sample of
the population. A face-to-face questionnaire interview was performed by the investigators who had
been uniformly trained, and participants then underwent the anthropometric checks including height
and weight.

This process included five steps. First, nine regions were sampled according to the proportion of
the population; second, 32 districts or counties were sampled according to rural and urban locations;
third, three neighborhood committees were sampled in each counties; fourth, one resident group was
sampled in each neighborhood committee; finally, one adult resident was randomly selected from each
household of the selected resident groups [8].

We contacted 23,050 people to participate in the survey. Only 17,584 individuals completed both
the questionnaire and the anthropometric measurements in the present study, yielding a response rate
of 76.3%. This study was conducted in a national comprehensive university located in Jilin Province in
northeastern China. Approval from the Ethics Committee of Jilin University School of Public Health
(Approval Number: 2012-R-011) was obtained before the study commenced.

2.2. Data Collection

The data collection period was from July to August 2012. Participants were asked to
complete a questionnaire designed by our project team through face-to-face interviews; trained
observers made anthropometric examinations using standardized procedures. Information
obtained from the questionnaire included socio-demographic characteristics, lifestyle, and family
history. The anthropometric examinations included body weight, height, waist circumference, and
hip circumference.

In addition, specially assigned people managed quality control. Before the official investigation,
a pre-investigation was conducted to explore the design of the questionnaire. All of the investigators
were medical students who were systematically trained. To ensure that the data collected were
high-quality and representative, standard protocols and instruments were used, the certification
requirements for data collection were strict, and a quality assurance program was conducted.

2.3. Blood Pressure Measurement and Classification

Blood pressure was measured using an electric sphygmomanometer (HEM-7200, OMRON, Dalian,
China). Two measurements were taken after the participants had rested for at least 5 min. SBP or DBP
was defined as the average of the two SBP or DBP readings.

2.4. Other Variable Measurements and Classification

Information on socio-demographic characteristics, lifestyle, and family history was self-reported.
Socio-demographic characteristics included age, gender, ethnicity, educational status, marital status,
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occupation and family income per capita. Lifestyle included drinking and dietary intake. Dietary intake
assessment was done under two headings: (1) Salt intake and (2) Frequency of fruit, egg and meat
intakes. “Salt intake” was divided into three levels: light, moderate, and salty. The participants made
their own choices based on life experience. Frequencies of eating fruits, eggs or meat were divided into
two: Frequently/sometimes and seldom/never. Frequently/sometimes fruits, eggs or meat intake was
defined as eating these foodě2 times/week; while seldom/never was defined as eating <2 times/week.
Body weight, height, waist circumference, and hip circumference were measured using a standardized
method. Body mass index (BMI) was calculated as weight(kg)/height(m2). Waist circumference
was measured at the level of the umbilicus. Hip circumference was measured at the level of the
greater trochanter. A fasting blood specimen was collected for lipid analysis. Dyslipidemia, including
triglycerides and total cholesterol, was based on the cut-off points of 150 mg/dL (1.70 mmol/L) and
200 mg/dL (5.18 mmol/L), respectively [9].

2.5. Statistical Analysis

Data were entered into a computer using EpiData (Version 3.1, Odense, Denmark) and
were analyzed using SPSS (Version 21.0, IBM SPSS, IBM Corp, Armonk, NY, USA). Continuous
variables were expressed using mean and standard deviation. Categorical variables were presented
as frequencies. The prevalence (PR) and 95% confidence interval (CI) of prehypertension and
hypertension were adjusted by complex weighted computation with the gender, age, and location
distribution, according to the Sixth Chinese National Population Census, 2010, and were calculated
using the Taylor Series approach. The Rao-Scott χ2 test was used to assess differences in categorical
variables based on the complex sampling model. Univariate and multivariate logistic regression
analyses were used to test the significant determinants of prehypertension vs. normotension and
hypertension vs. prehypertension. Complex weighted computation was used to analyze all of
the statistics.

3. Results

3.1. Prevalence of Prehypertension and Hypertension

There were 8096 males and 9488 females in the survey. The mean age was 47.81 ˘ 13.20 years
(47.10 ˘ 13.80 years in males, 48.42 ˘ 12.63 in females). The prevalence of prehypertension and
hypertension in the socio-demographic characteristics in the study is reported in Table 1. Based on the
complex weights computation, the prevalence of normotension, prehypertension, and hypertension
was 33.3%, 36.0%, and 30.8%, respectively. The prevalence of normotension and prehypertension
decreased with age, but the prevalence of hypertension increased with age, especially in the
ě 45 years population. The mean age of normotension was 41.98 ˘ 12.27 years, and the gender
ratio (males: females) was 1:2.24. The mean age of prehypertension was 45.91 ˘ 12.99 years, and the
gender ratio was 1:0.87. The mean age of hypertension was 54.03 ˘ 11.37 years, and the gender ratio
was 1:0.97. The prevalence of prehypertension and hypertension was significantly different within
different age groups, gender, educational status, marital status, occupation, and family income per
capita (all p-trend < 0.001). There was no difference in the prevalence between prehypertension and
hypertension for different locations and ethnicity.

The age-specific prevalence of prehypertension and hypertension is listed in Figure 1. As age
increased, the prevalence of prehypertension in males declined (p-trend < 0.001), although the
prevalence of hypertension increased (p-trend < 0.001). The prevalence of prehypertension in
females remained constant across younger age groups (<45 years) and decreased in older age groups.
The prevalence of hypertension in females increased as age increased (p-trend < 0.001). The prevalence
of prehypertension was 43.5% in men and 27.9% in women. The prevalence of hypertension was 34.9%
in men and 26.4% in women.
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Table 1. The prevalence of prehypertension and hypertension in the socio-demographic characteristics
in Jilin Province of China, 2012 1.

Variables N
Prehypertension Hypertension

χ2 p
n PR (95%CI) n PR (95%CI)

Total 17,584 6036 36.0 (35.0–37.0) 6540 30.8 (29.9–31.6)

Age (years)

18–24 841 355 39.8 (35.3–44.5) 71 7.1 (5.2–9.7) 151.734 <0.001
25–34 2213 904 40.5 (37.8–43.1) 261 12.6 (10.8–14.7)
35–44 3964 1498 38.5 (36.9–40.2) 955 25.4 (23.9–27.0)
45–54 4822 1637 34.3 (32.9–35.7) 1977 41.4 (40.0–42.9)
55–64 3919 1182 30.1 (28.6–31.7) 2099 53.5 (51.8–55.2)
65–79 1825 460 25.5 (22.9–28.3) 1177 63.9 (60.9–66.7)

Gender

Female 9488 2808 27.9 (26.7–29.2) 3216 26.4 (25.3–27.5) 12.443 <0.001
Male 8096 3228 43.5 (42.0–45.0) 3324 34.9 (33.5–36.2)

Location

Urban 8944 3032 34.9 (33.6–36.2) 3140 30.4 (29.2–31.6) 0.542 0.462
Rural 8640 3004 37.3 (35.7–38.8) 3400 31.3 (30.0–32.6)

Ethnicity

Han 16,223 5565 35.9 (34.9–37.0) 6059 30.8 (29.9–31.8) 0.214 0.643
Other 1361 471 36.4 (32.8–40.2) 481 29.9 (26.7–33.3)

Educational status (years)

Primary school or below 5345 1719 34.0 (32.3–35.8) 2394 39.8 (38.1–41.5) 30.972 <0.001
Middle school 5010 1723 35.7 (33.8–37.5) 1875 31.4 (29.8–33.1)
High school 4520 1613 37.2 (35.1–39.3) 1583 29.4 (27.8–31.1)

Undergraduate and above 2709 981 37.0 (34.6–39.6) 688 20.9 (19.0–23.0)

Marital status

Married 15,136 5170 35.3 (34.3–36.3) 5744 32.9 (32.0–33.8) 37.802 <0.001
Unmarried 2448 866 38.6 (35.6–41.7) 796 22.2 (20.0–24.5)

Occupation

Manual 9962 3635 38.5 (37.2–39.9) 3479 29.0 (27.9–30.1) 87.142 <0.001
Brain 3363 1183 36.2 (33.8–38.6) 969 22.8 (21.1–24.6)

Retired/unemployed 4259 1218 29.0 (27.2–31.0) 2092 44.3 (42.3–46.3)

Family income per capita (¥)

<500 3586 1174 34.8 (32.8–36.8) 1585 38.7 (36.8–40.6) 17.348 <0.001
500– 3683 1247 35.0 (32.8–37.2) 1449 33.7 (31.7–35.7)

1000– 5868 1989 35.0 (33.3–36.7) 2082 29.4 (27.9–30.9)
2000– 4447 1626 38.4 (36.4–40.4) 1424 26.4 (24.8–28.1)
1 Complex weighted computation was used for all of the prevalence and statistical analysis.
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Figure 1. Age-specific prevalence of (a) prehypertension and (b) hypertension in in Jilin Province of
China, 2012.

Table 2 shows an initial indication of rural–urban differences in demographics. No significant
rural–urban difference was observed in the gender proportions. Urban adult residents were somewhat
younger and much better educated than rural adults. A larger Han population lived in rural areas.
The mean family income per capita was significantly lower in rural areas than it was in urban areas,
whereas the rate of marriage in rural areas was higher than that in urban areas. The proportions
of drinking and fruit, egg and meat intake ě2 times/week were slightly higher in urban areas.
The distribution of family history and hypercholesterolemia varied in rural and urban regions, but the
amount was greater in urban areas.

Table 2. Demographics and Correlates of Rural and Urban Adults in Jilin Province of China 1.

Variables Rural, n (%) 2 Urban, n (%) 2 χ2 p

Total 8640 (100.0) 8944 (100.0)

Age (years) 52.164 0.002

18–24 266 (14.0) 575 (13.3)
25–34 817 (18.1) 1396 (22.1)
35–44 1868 (24.0) 2096 (22.6)
45–54 2532 (20.7) 2290 (20.0)
55–64 2271 (15.2) 1648 (13.4)
65–79 886 (8.0) 939 (8.6)

Gender 2.905 0.229

Female 4723 (49.1) 4765 (47.8)
Male 3917 (50.9) 4179 (52.2)

Ethnicity 22.387 <0.001

Han 8072 (93.5) 8151 (91.6)
Other 568 (6.5) 793 (8.4)

Educational status 2895.816 <0.001

Primary school or below 4103 (39.3) 1242 (10.6)
Middle school 2584 (34.2) 2426 (26.1)
High school 1314 (16.4) 3206 (35.8)

Undergraduate and above 639 (10.1) 2070 (27.5)

Marital status 338.080 <0.001

Married 7853 (86.2) 7283 (75.0)
Unmarried 787 (13.8) 1661 (25.0)
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Table 2. Cont.

Variables Rural, n (%) 2 Urban, n (%) 2 χ2 p

Total 8640 (100.0) 8944 (100.0)

Occupation 809.274 <0.001

Manual 5984 (67.2) 3978 (45.7)
Brain 1187 (18.0) 2176 (27.9)

Retired/unemployed 1469 (14.8) 2790 (26.4)

Family income per capita (¥) 2385.274 <0.001

<500 2862 (26.6) 724 (6.6)
500– 2353 (27.0) 1330 (12.6)

1000– 2017 (25.8) 3851 (43.0)
2000– 1408 (20.5) 3039 (37.8)

Drinking 17.239 0.003

Yes 2504 (31.9) 2932 (34.9)
No 6136 (68.1) 6012 (65.1)

Salt intake 3.555 0.180

Excess 3283 (39.4) 3376 (38.0)
Normal 5357 (60.6) 5568 (62.0)

Nutrition intake

Fruit 311.138 <0.001

ě2 times/week 3757 (45.3) 5245 (58.6)
<2 times/week 4883 (54.7) 3699 (41.4)

Egg 54.358 <0.001

ě2 times/week 4953 (56.0) 5674 (61.5)
<2 times/week 3687 (44.0) 3270 (38.5)

Meat 223.905 <0.001

ě2 times/week 2409 (31.2) 3528 (42.2)
<2 times/week 6231 (68.8) 516 (57.8)

Family history 41.433 <0.001

Yes 3930 (46.9) 4610 (51.7)
No 4710 (53.1) 4334 (48.3)

BMI 9.465 0.089

Normal 5198 (63.8) 5435 (61.8)
Overweight 2869 (29.4) 2956 (31.6)

Obesity 573 (6.8) 553 (6.6)

Abdominal obesity 1.751 0.323

Yes 2858 (29.4) 2875 (30.3)
No 5782 (70.6) 6069 (69.7)

Hypertriglyceridemia 6.77 0.056

Yes 3713 (38.7) 3577 (36.7)
No 4927 (61.3) 5367 (63.3)

Hypercholesterolemia 14.248 0.004

Yes 3061 (29.0) 3130 (31.6)
No 5579 (71.0) 5814 (68.4)

1 Complex weighted computation was used in the statistical analysis; 2 Numbers are unweighted and
percentages are weighted.
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3.2. Correlates of Prehypertension and Hypertension

Univariate and multivariate logistic regression were performed using SPSS to assess significant
determinants of prehypertension and hypertension. Prehypertension or hypertension served as the
dichotomous outcome variable. Socio-demographic characteristics, lifestyle, family history, obesity,
abdominal obesity, triglyceride, and total cholesterol were the independent predictor variables. Age,
gender, and location were corrected based on complex weighted computation. The results of the
univariate logistic regression are presented in Table 3. Univariate logistic regression showed that
age, gender, location, educational status, occupation, family income per capita, drinking, salt intake,
fruit, eggs or meat intake ě2 times/week, BMI, abdominal obesity, triglyceride, and total cholesterol
were all significantly associated with prehypertension status for the entire sample. Univariate logistic
regression was used to assess the correlates of individuals with hypertension (hypertension = 1,
normotension = 0). This analysis showed that age, gender, location, educational status, marital status,
occupation, family income per capita, drinking, salt intake, fruit or eggs intake ě2 times/week,
family history of circulatory system disease, BMI, abdominal obesity, hypertriglyceridemia, and
hypercholesterolemia were all significantly associated with hypertension.

Table 3. Odds ratios and 95% confidence intervals for correlates of prehypertension compared to
normotension and hypertension compared to normotension (univariate logistic regression).

Characteristics
Prehypertension Hypertension

OR (95% CI) p OR (95% CI) p

Age (years) <0.001 <0.001

18–24 1.000 1.000
25–34 1.149 (0.914, 1.444) 0.233 2.003 (1.353, 2.963) 0.001
35–44 1.423 (1.150, 1.762) 0.001 5.237 (3.663, 7.488) <0.001
45–54 1.881 (1.519, 2.328) <0.001 12.682 (8.898, 18.077) <0.001
55–64 2.449 (1.956, 3.067) <0.001 24.263 (16.933, 34.767) <0.001
65–79 3.193 (2.389, 4.269) <0.001 44.597 (30.114, 66.046) <0.001

Gender (Male/Female) 3.293 (2.952, 3.674) <0.001 2.787 (2.513, 3.090) <0.001
Location (Urban/Rural) 0.849 (0.760, 0.948) 0.004 0.879 (0.793, 0.975) 0.015
Ethnicity (Other/Han) 0.998 (0.820, 1.215) 0.984 0.955 (0.788, 1.157) 0.637

Educational status (years) <0.001 <0.001

Primary school or below 1.000 1.000
Middle school 0.833 (0.721, 0.963) 0.013 0.628 (0.548, 0.719) <0.001
High school 0.857 (0.739, 0.995) 0.043 0.580 (0.506, 0.665) <0.001

Undergraduate and above 0.678 (0.579, 0.794) <0.001 0.327 (0.278, 0.385) <0.001
Marital status (Unmarried/Married) 0.885 (0.757, 1.036) 0.129 0.617 (0.528, 0.721) <0.001

Occupation <0.001 <0.001

Manual 1.000 1.000
Brain 0.743 (0.649, 0.852) <0.001 0.624 (0.546, 0.712) <0.001

Retired/unemployed 0.918 (0.796, 1.059) 0.240 1.863 (1.636, 2.122) <0.001

Family income per capita (¥) 0.002 <0.001

<500 1.000 1.000
500– 0.850 (0.717,1.008) 0.062 0.735 (0.629,0.859) <0.001
1000– 0.750 (0.646,0.871) <0.001 0.567 (0.494,0.651) <0.001
2000– 0.832 (0.714,0.970) 0.019 0.514 (0.446,0.594) <0.001

Drinking (Yes/No) 1.963 (1.746,2.208) <0.001 2.030 (1.816,2.270) <0.001
Salt intake (Excess/Normal) 1.140 (1.020,1.273) 0.021 1.247 (1.124,1.384) <0.001

Nutrition intake 1

Fruit 1: ě 2 times/week 0.752 (0.675,0.839) <0.001 0.589 (0.531,0.652) <0.001
Egg 1: ě 2 times/week 1.297 (1.162,1.448) <0.001 1.397 (1.259,1.550) <0.001

Meet 1: ě 2 times/weeek 1.199 (1.072,1.340) <0.001 0.963 (0.864,0.072) 0.486
Family history (Yes/No) 1.010 (0.906,1.125) 0.858 1.290 (1.165,1.428) <0.001

BMI <0.001 <0.001

Normal 1.000 1.000
Overweight 2.217 (1.960,2.508) <0.001 4.552 (4.042,5.125) <0.001

Obesity 3.923 (2.829,5.440) <0.001 8.492 (6.307,11.435) <0.001
Abdominal obesity (Yes/No) 2.422 (2.114,2.775) <0.001 5.440 (4.789,6.181) <0.001

Hypertriglyceridemia (Yes/No) 2.176 (1.939,2.442) <0.001 4.531 (4.062,5.054) <0.001
Hypercholesterolemia (Yes/No) 1.828 (1.631,2.050) <0.001 3.473 (3.119,3.867) <0.001

1 The reference for each type of nutrition intake was frequency <2 times/week.
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Multivariate logistic regression analysis showed that age, gender, location, drinking, eggs
intake ě2 times/week, BMI, abdominal obesity, hypertriglyceridemia, and hypercholesterolemia
are significantly associated with prehypertension (Table 4). Compared with people aged 18–24 years,
people aged 45–54 years, 55–64 years and ě65 years had a greater correlation of developing
prehypertension (OR = 1.538, 1.935, 2.638, respectively). Male participants were more likely to develop
prehypertension than females (OR = 3.085). For prehypertension, those living in urban areas were
associated with a lower prevalence of prehypertension (OR = 0.828). Drinkers had a greater correlation
of developing prehypertension (OR = 1.175). People with a higher eggs intake were 1.188 times
more likely to develop prehypertension than others were. People with a status of overweight or
obese were associated with a higher prevalence of prehypertension compared with people of normal
weight (25 ď BMI < 30, OR = 1.655; BMI ě 30, OR = 2.960). Participants with abdominal obesity had
a greater correlation of developing prehypertension (OR = 1.228). Both hypertriglyceridemia and
hypercholesterolemia were associated with a greater likelihood of prehypertension (OR = 1.133, 1.110).

Determinants of hypertension (vs. normotension) via multivariable logistic regression analysis
were shown in Table 4. A clear trend toward a greater correlation of hypertension was noted as age
increased. Starting from 35 years, every 10 years increment in age produced a 2.833 times, 6.936
times, 14.729 times, and 34.613 times greater likelihood of hypertension than their respective decadal
reference group (aged 18–24 years). Males were positively associated with hypertension. Compared
to females, males were more likely to develop hypertension (OR = 2.383). Drinkers had a greater
correlation of developing hypertension (OR = 1.629). Fruit intake ě2 times/week was shown to be less
likely to develop hypertension (OR = 0.780). People with hypertension more frequently had a family
history of circulatory system disease (OR = 1.604). Overweight (OR = 2.676) and obesity (OR = 5.716)
were the most significant determinants of hypertension. Our findings showed that abdominally obese
subjects had a 1.537 times greater correlation of hypertension compared with normal weight subjects.
Both hypertriglyceridemia and hypercholesterolemia were associated with a greater likelihood of
hypertension (OR = 2.015, 1.377).

Table 4. Odds ratios and 95% confidence intervals for correlates of prehypertension compared to
normotension and hypertension compared to normotension (multivariate logistic regression) 1.

Characteristics
Prehypertension Hypertension

OR (95% CI) p OR (95% CI) p

Age (years) <0.001 <0.001

18–24 1.000 1.000
25–34 0.904 (0.718, 1.139) 0.394 1.112 (0.700, 1.764) 0.653
35–44 1.239 (0.994, 1.544) 0.057 2.833 (1.843, 4.354) <0.001
45–54 1.538 (1.228, 1.926) <0.001 6.936 (4.496, 10.701) <0.001
55–64 1.935 (1.518, 2.467) <0.001 14.729 (9.450, 22.957) <0.001
65–79 2.638 (1.952, 3.565) <0.001 34.613 (21.475, 55.790) <0.001

Gender (Male/Female) 3.085 (2.711, 3.510) <0.001 2.383 (2.073, 2.739) <0.001
Location (Urban/Rural) 0.828 (0.738, 0.929) 0.001 0.886 (0.777, 1.010) 0.070

Drinking (Yes/No) 1.175 (1.022, 1.351) 0.024 1.629 (1.389, 1.910) <0.001
Fruit 2:ě2times/week – – 0.780 (0.683, 0.890) <0.001

Egg 2:ě2times/week 1.188 (1.057, 1.334) 0.004 – –

Family history (Yes/No) – – 1.604 (1.407, 1.829) <0.001

BMI <0.001 <0.001

Normal 1.000 1.000
Overweight 1.665 (1.428, 1.919) <0.001 2.676 (2.295, 3.121) <0.001

Obesity 2.960 (2.045, 4.285) <0.001 5.716 (3.983, 8.203) <0.001
Abdominal obesity (Yes/No) 1.228 (1.031, 1.462) 0.021 1.537 (1.299, 1.818) <0.001

Hypertriglyceridemia (Yes/No) 1.301 (1.133, 1.493) <0.001 2.015 (1.748, 2.324) <0.001
Hypercholesterolemia (Yes/No) 1.261 (1.110, 1.432) <0.001 1.377 (1.198, 1.582) <0.001

1 “–“: The variable did not enter the model.
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4. Discussion

The present study data for prehypertension and hypertension were derived from a stratified,
clustered multistage and random survey sample of people aged 18–79 years in the Jilin Province and
were analyzed based on a complex sampling model.

Our findings show that prehypertension affects about one third (36.0%) of adults in the Jilin
Province in northeastern China. This is generally consistent with published studies, such as the figures
of 36.1% in Brazilian adults [10] and 33.7% among adults in southern Iran [11]. Compared with other
studies within China [12,13], although the prevalence of prehypertension in this study was lower than
that in inner Mongolian adults (38.4%); and higher than that in Taiwanese adults (34.0%), the rate was
comparable with that in Beijing adults (35.7%).

Prehypertension and hypertension, which accounted for two thirds of the total population,
appeared to be quite common in northeastern China. Furthermore, in the present study, we found
that the prevalence of prehypertension decreased in males as age increased; and decreased in females
in those aged ě35 years, which was concordant with Liaoning Province adults [14]. In the current
study, individuals aged 45–79 years were less likely to have prehypertension than younger individuals
were. This was because most of the individuals in the older age groups had progressed to actual
hypertension, similar to other studies [15]. Therefore, the highest prevalence of hypertension was in
the 65–79 age group for men (62.0%) and women (65.7%).

Another finding of the present study was that the prevalence of hypertension increased with age
in both genders and that this increase was more rapid in females than males. Consistent with previous
reports, the rates of hypertension were higher in men than in women at younger ages, whereas the
reverse was true in older participants [15]. The specific reason for this difference may be related to
survival bias or hormonal changes at different ages in the two genders, but this required further study.
Consistent with this, the multivariate logistic regression analysis showed a significant increase in the
ORs for males in the prehypertension (OR = 3.085) and hypertension (OR = 2.383) groups.

In this study, living in an urban area led to a reduced correlation of prehypertension (OR = 0.828)
(Table 4). The influence of location as an independent associated factor for prehypertension and
hypertension has rarely been mentioned in other studies. Individual studies [13] have reported the
different risk factors associated with prehypertension and hypertension among residents in urban or
rural locations. The difference in environment and lifestyle in urban or rural locations may underlie
this result. According to our research on demographics and correlates of rural and urban adults in
Table 2, urban residents were somewhat younger than rural residents, but they are better educated
and have higher income. The rates of drinking and fruit, egg and meat intake ě2 times/week
were slightly higher in urban areas. Rural populations may lack information and knowledge about
health, and a lower level of education among rural adults compared with urban adults may lead to
unhealthy lifestyles and unawareness about the prevention of prehypertension and hypertension.
Vigorous healthy males from rural families may leave the village to work in urban areas, leaving elders
in rural areas, which may be harmful to the health of those who remain. The explanation for this
observation requires further investigation.

In our study, drinking was associated not only with hypertension but also with prehypertension
(Table 4). The pathology of drinking-related elevated blood pressure was through the effects of alcohol
on neural conduction, blood vessels, plasma vasopressin, cardiac function, noradrenaline metabolism,
acetaldehyde, sympathetic activity, the renin–angiotensin system and adreno-corticotropic hormone,
and calcium metabolism [16].

In particular, high egg intake (ě2 times/week) was an important factor associated with
prehypertension but not for hypertension. Interestingly, we found a high prevalence of prehypertension
in individuals with a high egg intake. However, this result was not comparable with other
studies because the standard of egg intake was not the same [17]. Hypertensive patients might
have the same frequency of egg intake but consume fewer eggs than they did before they knew
they had hypertension.This would result in reduced egg intake, and egg intake would thus not
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be an independent factor. Therefore, to avoid increased blood pressure, egg intake should also
be controlled.

However, a low fruit intake (<2 times/week) and a family history of circulatory system disease
were significantly associated with hypertension but not prehypertension (Table 4). In this study,
hypertension had a strong inverse association with the frequency of fruit intake. Previous observational
studies have reported that a high fruit intake is associated with a reduced risk of developing
cardiovascular disease and stroke, as well as decreased blood pressure [18]. The probable reason why
a high fruit intake is positively associated with hypertension is that fruits contain many vitamins and
minerals whose metabolites act on the vascular endothelium and lower blood pressure [18]. Thus, it is
important for everyone to increase their fruit intake, particularly those with hypertension. We found
an important correlation between a family history of circulatory system disease and hypertension.
The normotensive individuals with a family history of circulatory system disease were 1.604 times
more likely to have hypertension than those without such a family history (Table 4). Therefore, primary
prevention strategies should be targeted at prehypertensive individuals who have a family history of
circulatory system disease.

In this study, obesity was identified as being more associated with prehypertension (OR = 2.960)
than with hypertension (OR = 5.716). It is worth noting that obesity had the highest correlation with
hypertension among the normotensive individuals apart from age (Table 4). When obesity coexists
with prehypertension, it may further increase the correlation of developing hypertension. Many studies
have reported that waist circumference is associated with a higher prevalence of prehypertension and
hypertension [19]. Abdominal obesity was also found to be associated with increased blood pressure
according to adjusted BMI, triglycerides, and cholesterol (Table 4).

In another study [20], there was a significant association between prehypertension or hypertension
and hypertriglyceridemia or hypercholesterolemia. In our current study, hypertriglyceridemia and
hypercholesterolemia were both significantly associated with prehypertension and/or hypertension.
Meanwhile, those with hypertriglyceridemia had a 2.015 times greater correlation of hypertension
compared with the normal group (Table 4).

This study has several limitations. The first limitation was the low response rate, which often
exists in cross-sectional epidemiological studies. Second, our data were obtained from a cross-sectional
study in the Jilin Province and were not representative of adults throughout China. Third, because
this is a cross-sectional study, the interpretation of causal relationships between risk factors and
the development of prehypertension and hypertension is limited. Fourth, during our survey, we
created analogous “clinic environments” by assembling participants for anthropometric examinations.
The higher blood pressures as observed in our study participants might be explained in part as a result
of the white-coat effect that might be associated with the clinic environments in which these blood
pressures were measured [21,22]. Furthermore, due to the limitation of economy and human resource,
there was no objective measurement to assess the “salt intake”.

Despite the above limitations, the results of this study as community-based data could be
important in providing relevant epidemiological information to help promote health for the primary
prevention of hypertension. We used the complex weighted computation by adjusting for age, gender,
and location to approximate the actual population composition of the Jilin Province in northeastern
China. This study reinforced the need to urgently address the problem of prehypertension and
hypertension in China by establishing an effective health security system for the public.

5. Conclusions

Prehypertension and hypertension are highly prevalent in northeastern China. Prevention and
treatment are urgently needed to address the public health problem of prehypertension and
hypertension and to prevent prehypertensive people from developing hypertension or cardiovascular
disease. For individuals with normotension, these common correlates of both prehypertension and
hypertension (rural, drinking, overweight, obesity, abdominal obesity, hypertriglyceridemia, and



Int. J. Environ. Res. Public Health 2016, 13, 82 11 of 12

hypercholesterolemia) should be controlled as the most important factors. In addition, our results
are the first to suggest that living in an urban environment is associated with a lower prevalence
of prehypertension. These factors are probably important in decreasing the risk of developing
hypertension among prehypertensive and normotensive people.
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