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Abstract

Background This study aimed to investigate the proportion of prehypertension cases progressing to hypertension
among Chinese middle-aged and elderly populations over a 2-year period and related influencing factors.

Methods Data were obtained from the China Health and Retirement Longitudinal Study, and 2,845 individuals who
were > 45 years old and prehypertensive at baseline were followed from 2013-2015. Structured questionnaires were
administered, and blood pressure (BP) and anthropometric measurements were performed by trained personnel.
Multiple logistic regression analysis was done to investigate factors associated with prehypertension progressing to
hypertension.

Results Over the 2-year follow-up, 28.5% experienced progression of prehypertension to hypertension; this occurred
more frequently in men than women (29.7% vs. 27.1%). Among men, older age (55-64 years: adjusted odds ratio
[2ORI=1.414, 95% confidence interval [CI]:1.032-1.938; 65-74 years: aOR = 1.633, 95%Cl: 1.132-2.355;> 75 years:
aOR=2.974, 95%Cl: 1.748-5.060), obesity (a@OR=1.634, 95%Cl: 1.022-2.611), and number of chronic diseases (1:
aOR=1.366, 95%Cl: 1.004-1.859; > 2: aOR=1.568, 95%Cl: 1.134-2.169) were risk factors for progression to hyperten-
sion whereas being married/cohabiting (@OR=0.642, 95% Cl: 0.418-0.985) was a protective factor. Among women,
risk factors included older age (55-64 years: aOR=1.755, 95%Cl: 1.256-2.450; 65—74 years: aOR =2.430, 95%Cl:
1.605-3.678;> 75 years: aOR = 2.037, 95% Cl: 1.038-3.995), married/cohabiting (@OR=1.662, 95%Cl: 1.052-2.626), obe-
sity @OR=1.874, 95%Cl: 1.229-2.857), and longer naps (> 30 and <60 min: aOR=1.682, 95%Cl: 1.072-2.637;> 60 min:
aOR=1.387,95%Cl: 1.019-1.889).

Conclusions Chinese middle-aged and elderly individuals experienced a risk of prehypertension progressing to
hypertension over a 2-year period, although the influencing factors differed by sex; this should be considered in
interventions.
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Introduction

Treating hypertension is an important public health
issue, because more than one-fourth of the adult popula-
tion worldwide is afflicted with the disease [1]. Hyperten-
sion can cause damage to the brain, heart, kidneys, blood
vessels, and other important organs, leading to clinical
complications [2—4] and the prolonged course of the dis-
ease places a serious burden on individuals [5].

Those with prehypertension exist in a special group
between those with normal blood pressure (BP) and
those with high BP. The Seventh Report of the Joint
National Committee on Prevention, Detection, Evalua-
tion, and Treatment of High Blood Pressure was the first
to propose the concept of prehypertension [6]. Prehyper-
tension progresses to hypertension, which is related to
high morbidity and mortality rate due to the risk of car-
diovascular disorders and stroke [7]. In addition to affect-
ing a large proportion of the population, the condition
increases the risk of developing hypertension and experi-
encing cardiovascular events in the future. Two-thirds of
untreated prehypertension cases can progress to hyper-
tension within 4 years [8], and a previous study reported
that those with prehypertension at baseline had a 45%
higher risk of chronic noncommunicable disease events
than those with normal baseline BP [9, 10].

The prevalence of prehypertension among adults has
reached about 40% worldwide [11]. In 1999-2000 and
2011-2012, the prevalence of prehypertension was 31.2%
and 28.2%, respectively, in adults in the United States
[12]. In Chinese adults, the prevalence ranged from
36.4%-41.3% from 2007 to 2015 [13, 14]. Many studies
have shown that in those with prehypertension, a pre-
cursor of hypertension, the risk of cardiovascular events
is significantly higher than that in those with normal BP
[15, 16]. One study indicated that if the BPs of those with
prehypertension could have been reduced to the opti-
mal range (<120/80 mmHg), 25% of the hypertension
cases among men and 21% among women would have
been prevented [17]. Some studies have also shown that
effective interventions for prehypertension can reduce
the risk of cardiovascular disease [6, 18]. Although some
studies have focused on the conversion of prehyperten-
sion in the early stage of the disease, their research had
some limitations [17, 19, 20]. First, the studies mostly
focused on predicting the risk of hypertension. Second,
the sample sizes were not large enough to investigate the
natural history of prehypertension in the general popu-
lation. Third, few studies have considered the potential
sex differences when investigating the progression from
prehypertension to hypertension. In recent years, consid-
erable attention has been given to gender differences in
epidemiology, pathophysiology, and treatment of human
diseases. The focus of much of the literature addressing
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gender differences in cardiovascular disease has been
on the unique presentation of the disease in women and
differences in natural history [21]. Previous studies have
emphasized the fact that hypertension is more common
in older women compared with men [22, 23]. In gen-
eral, men and women differ in terms of physiology, social
roles, and living habits; therefore, the factors influencing
the progression of prehypertension to hypertension may
also differ.

In China, with the increasing aging of the popula-
tion, the prevalence of hypertension has become one of
the highest of all noncommunicable chronic diseases.
According to a report based on the Chinese National
Nutrition and Health Survey, the prevalence of hyperten-
sion was 45.8% among males and 33.0% among females
in 2011 [24]. However, few studies have investigated the
factors influencing the progression from prehypertension
to hypertension among Chinese middle-aged and elderly
individuals in the early stage of the disease. The aim of
this study was to investigate the proportion of prehyper-
tension cases that progress to hypertension and to iden-
tify the factors influencing this progression, taking into
consideration potential sex differences.

Methods

Data source

The China Health and Retirement Longitudinal Study
(CHARLS) was conducted by the National School of
Development of Peking University. A multistage strati-
fied design was used in this survey, and the survey cov-
ered 150 counties/districts and 450 villages/resident
committees from 28 provinces in China. The 2013 sur-
vey involved 18,605 respondents and the data from the
follow-up assessment conducted in 2015 and involved
21,096 respondents. In the present study, baseline data
were collected from middle-aged and elderly individuals
who were over 45 years old and with prehypertension in
2013, and the follow-up survey in 2015 was used to study
the progression and factors influencing the progression
from prehypertension to hypertension. Finally, a total of
2,845 subjects were included in this study (Fig. 1).

Measurement and definitions

The face-to-face survey questionnaire and related clinic
examination were conducted by trained investigators.
Before the BP measurement, the subjects were abstained
from physical activity, smoking, and drinking alcohol or
coffee. The same type of OMRON HEM-7200 sphyg-
momanometer was used for all BP measurements. The
BP of each individual was measured three times, and the
average was taken as the final BP value for each individ-
ual. Normal BP was defined as systolic BP <120 mmHg
and diastolic BP<80 mmHg and without the use of
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18605: Respondents who completed the
CHARLS survey in 2013
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4715: The respondents blood pressure were 120<systolic blood
pressure<139 mmHg and/or 80=<diastolic blood pressure<8§9mmHg

Excluded:

928: Respondents with history of hypertension or
taking antihypertensive drugs

60: Respondents younger than 45 years old

3727: Eligible respondents with prehypertensive at baseline

Match the people followed up in 2015
882: Lost to follow-up

4

2845: study population

Fig.1 Flow chart of the study selection process

antihypertensive medication [6]. Prehypertension was
defined as 120 mmHg <systolic BP <139 mmHg and/
or 80 mmHg < diastolic BP <89 mmHg [6]. Individuals
with a history of hypertension or those taking antihyper-
tensive drugs were excluded. Hypertensive individuals
were defined as those who reported they were told by a
doctor that they had high BP and/or those with a systolic
BP > 140 mmHg or a diastolic BP>90 mmHg or those
using antihypertensive medications [6]. The survey meth-
ods and quality control standards were kept consistent
with the measurements taken in 2013 and 2015.

Covariates

Trained personnel administered questionnaires to col-
lect self-reported information on sociodemographic
variables, health-related behaviors, and prior diagnosed
diseases. Participants were divided into the following
age brackets: 45-54, 55-64, 65-74, and >75. A region
was classified as either an urban or a rural area. Educa-
tion levels were categorized as primary school or below,
junior/secondary/vocational school, college and higher.
Marital status was classified as being either married/
cohabiting or single (including divorced, separated,
widowed, or having never been married). Body mass
index (BMI) was calculated as weight (kg)/height(m)?
and categorized as underweight (<18.5 kg/m?), normal

weight (18.5-23.9 kg/m?), overweight (24-27.9 kg/m?)
or obese (>28 kg/m?)[25]. The standard waist circum-
ference indicating abdominal obesity was>85 cm for
men and >80 c¢cm for women. Smoking status and alco-
hol habits were classified as ‘yes’ or ‘no’ Sleep duration
was categorized into the following five groups:<6,>6
and<7,>7 and<8,>8 and <9, and >9 h/night [26]. Nap
times were classified into the following five groups: 0:>0
and <30;>30 and<60; and>60 min/day[5]. Self-rated
assessments of health status were categorized into the
following three groups: good, fair, or poor. A number of
chronic diseases (such as dyslipidemia, diabetes, hyper-
glycemia, chronic kidney disease, and others, except
for hypertension) were reported by participants. Social
activities were defined as one’s involvement in activi-
ties[27] (such as interacting with friends, volunteering,
and participating in hobby groups, sports groups, and
community-related organizations).

Statistical analysis

Statistical Package for the Social Sciences (SPSS) Statis-
tics Version 21.0 (IBM Corp., Armonk, NY, USA) soft-
ware was used for the statistical analysis. Continuous
variables are presented as the mean values and standard
deviation (SD). Two tailed ¢-tests were used to com-
pare continuous variables between two groups(¢-value),
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Table 1 Demographic and clinical characteristics of prehypertension

Characteristic Total(n = 2845) Men(n=1481) Women(n=1364) x’/Z/t P-value
SBP(mmHg) 128.35+6.00 128.29+£593 12842+6.08 -0.590 0.555°
DBP(mmHQ) 757941728 76.16+£7.23 7538+7.31 2.858 0.004°
Age group(years), n(%) 6.568 0.087°
45-54 925(32.5) 454(30.7) 471(34.5)

55-64 1134(39.9) 594(40.1) 540(39.6)

65-74 567(19.9) 316(21.3) 251(18.4)

>75 217(7.6) 116(7.8) 101(7.4)

Missing, n(%) 2(0.1) 1(0.1) 1(0.1)

Marital status, n(%) 22.629 <0.001¢
Single 336(11.8) 134(9.0) 202(14.8)

Married or cohabiting 2509(88.2) 1347(91.0) 1162(85.2)

Region, n(%) 0.396 0.529°¢
Urban 370(13.0) 187(12.6) 183(13.4)

Rural 2463(86.6) 1288(87.0) 1175(86.1)

Missing, n(%) 12(04) 6(0.4) 6(0.4)

Education level, n(%) 128042 <0001°
Primary and lower 1916(67.3) 856(57.8) 1060(77.7)

Junior/secondary/vocational school 840(29.5) 565(38.1) 275(20.2)

College and higher 89(3.1) 60(4.1) 29(2.1)

Current smoking status, n(%) 377.723 <0.001¢
Yes 1072(37.7) 809(54.6) 263(19.3)

No 1773(62.3) 672(45.4) 1101(80.7)

Alcohol habits, n(%) 719.482 <0.001¢
Yes 1336(47.0) 1052(71.0) 284(20.8)

No 1505(52.9) 427(28.8) 1078(79.0)

Missing, n(%) 4(0.1) 2(0.1) 2(0.1)

Social activity, n(%) 1.435 0.231¢
No 1231(43.3) 625(42.2) 606(44.4)

Yes 1614(56.7) 856(57.8) 758(55.6)

BMI, n(%) 52718 <0001°
Normal 1444(50.8) 837(56.5) 607(44.5)

Underweight 139(4.9) 74(5.0) 65(4.8)

Overweight 875(30.8) 414(28.0) 461(33.8)

Obese 326(11.5) 125(8.4) 201(14.7)

Missing, n(%) 61(2.1) 31(2.1) 30(2.2)

Abdominal obesity, n(%) 209.466 <0.001¢
No 997(35.0) 703(47.5) 294(21.6)

Yes 1848(65.0) 778(52.5) 1070(78.4)

Health status, n(%) 18.363 <0.001°
Good 728(25.6) 416(28.1) 312(22.9)

Fair 1509(53.0) 786(53.1) 723(53.0)

Poor 569(20.0) 257(17.4) 312(22.9)

Missing, n(%) 39(1.4) 22(1.5) 17(1.2)

Chronic disease, n(%) 6.163 0.046°

0 984(34.6) 532(35.9) 452(33.1)

1 887(31.2) 474(32.0) 413(30.3)

>2 920(32.3) 449(30.3) 471(34.5)

Missing, n(%) 54(1.9) 26(1.8) 28(2.1)

Sleep duration (h/night),n(%) 32.984 <0.001°
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Table 1 (continued)

Characteristic Total(n =2845) Men(n=1481) Women(n=1364) xz/Z/t P-value
>7and<8 539(18.9) 294(19.9) 245(18.0)

<6 883(31.0) 401(27.1) 482(35.3)

>6and <7 639(22.5) 382(25.8) 257(18.8)

>8and<9 493(17.3) 268(18.1) 225(16.5)

>9 168(5.9) 87(5.9) 81(5.9)

Missing, n(%) 123(4.3) 49(3.3) 74(5.4)

Nap time(min/day), n(%) 10475 <0.001°P
0 1204(43.3) 536(36.2) 668(49.0)

>0and<30 194(6.8) 104(7.0) 90(6.6)

>30and <60 265(9.3) 133(9.0) 132(9.7)

>60 1090(38.3) 661(44.6) 429(31.5)

Missing, n(%) 92(3.2) 47(3.2) 45(3.3)

Abbreviations: SBP Systolic blood pressure, DBP Diastolic blood pressure, BMI Body mass index

2 P-values are derived from t-test
b p-values are derived from Wilcoxon rank sum test

€ P-values are derived from Chi-square test

whereas one-way ANOVAs were used to compare
the three groups (F-value). Categorical variables are
described using percentages and compared using chi-
square tests (x2). Wilcoxon rank sum testing was applied
to ordinal categorical variables (Z-values), whereas
Kruskal-Wallis testing was applied to multiple independ-
ent samples of one-way ordered variables(H-value). Mul-
tiple logistic regression analyses were used to identify the
factors influencing the progression from prehypertension
to hypertension. Adjusted odds ratios (aORs) are pre-
sented with 95% confidence intervals (CIs), and P<0.05
was considered statistically significant.

Ethical approval

CHARLS has been approved by the Ethical Review Com-
mittee of Peking University. Ethical approval of the pre-
sent data analysis was not needed. All subjects gave their
informed consent for inclusion before participating in the
survey. All methods in the present study were carried out
in accordance with relevant guidelines and regulations.

Results

Baseline characteristics of study respondents

with prehypertension

This study followed 2,845 individuals (1,481 men and
1,364 women). The mean age of the study respondents
was 59.65+9.20 years. The mean BPs (systolic and dias-
tolic) were 128.29+5.93 and 76.16 + 7.23 mmHg, respec-
tively, in men and 128.42+6.08 and 75.38+7.31 mmHg,
respectively, in women. Abdominal obesity was more
common in women than in men (78.4% vs. 52.5%). Most
participants lived in rural areas (86.6%). The majority

of men and women were married/cohabiting (91.0% vs.
85.2%, respectively). The education level predominantly
consisted of those with primary school education and
lower (67.3%). Only 18.9% of participants slept 7-8 h
at night, and 43.3% of participants did not nap habitu-
ally. Daytime napping was more commonly practiced in
men than in women (63.8% vs. 51.0%). In terms of social
activities, 56.7% of participants had participated in them
in the last month. More than half of the men smoked
(54.6%), whereas few women (19.3%) did. Similarly, 71%
of men drank alcohol habitually, compared with only
20.8% of women. A normal BMI was observed in 50.8%
of participants. Approximately 32.3% of the participants
had more than two chronic diseases. There was a signifi-
cant difference in diastolic BP, abdominal obesity, marital
status, education level, alcohol habits, current smoking
status, BMI, sleep duration, nap length, health status,
and number of chronic diseases among men and women
(P<0.05, Table 1).

Changes in the prehypertensive status of the sample

Table 2 shows the proportion of prehypertensive individ-
uals who experienced a progression to hypertension or a
return to normal BP. Approximately 38.8% of participants
remained prehypertensive, 32.8% became normotensive,
and 28.5% progressed to hypertensive. The rates of con-
version of prehypertension to hypertension among men
and women were 29.7% and 27.1%, respectively. There
was a significant difference in age, systolic BP, education,
abdominal obesity, alcohol habits, nap time, BMI, and
the presence of chronic diseases among the three groups
(P<0.05).
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Table 2 Changes in prehypertensive status of the full sample

Total(n=2845) Normal pre-HT[n(%)]=1103  HT[n(%)]=810 (28.5%) XZ/H/F P -value
BP[n(%)]=932 (38.8%)
(32.8%)
SBP(mmHg) 127.35+£5.99 12841+£5.86 129.42+6.02 26.233 <0.001°
DBP(mmHQ) 7575+£7.29 75.70+7.09 75964751 0314 0.730°
Gender, n(%) 4.056 0.132¢
Man 462(31.2) 579(39.1) 440(29.7)
Women 470(34.5) 524(38.4) 370(27.1)
Age group(years), n(%) 47.064 <0001°
45-54 353(38.2) 372(40.2) 200(21.6)
55-64 368(32.5) 431(38.0) 335(29.5)
65-74 158(27.9) 217(38.3) 192(33.9)
>75 52(24.0) 82(37.8) 83(38.2)
Missing, n 1 1 0
Marital status, n(%) 1.496 0473¢
Single 102(30.4) 130(38.7) 104(31.0)
Married or cohabiting 830(33.1) 973(38.8) 706(28.1)
Region, n(%) 3.167 0.205¢
Urban 106(28.6) 153(41.4) 111(30.0)
Rural 820(33.3) 946(38.4) 697(28.3)
Missing, n 6 4 2
Education level, n(%) 10.233 0.037°
Primary and lower 624(32.6) 716(37.4) 576(30.1)
Junior/secondary/vocational school 280(33.3) 354(42.1) 206(24.5)
College and higher 28(31.5) 33(37.1) 28(31.5)
Current smoking status, n(%) 0.396 0.820°
Yes 344(32.1) 422(39.4) 306(28.5)
No 588(33.2) 681(384) 504(28.4)
Alcohol habits, n(%) 7.533 0.023¢
Yes 411(30.8) 514(38.5) 411(30.8)
No 519(34.5) 587(39.0) 399(26.5)
Missing, n 2 2 0
Social activity, n(%) 3.097 0.213¢
No 404(32.8) 458(37.2) 369(30.0)
Yes 528(32.7) 645(40.0) 441(27.3)
BMI, n(%) 39.890 <0001°
Normal 519(35.9) 545(37.7) 380(26.3)
Underweight 58(41.7) 49(35.3) 32(23.0)
Overweight 264(30.2) 357(40.8) 254(29.0)
Obese 68(20.9) 135(41.4) 123(37.7)
Missing, n 23 17 21
Abdominal obesity, n(%) 23.106 <0.001¢
No 378(37.9) 379(38.0) 240(24.1)
Yes 554(30.0) 724(39.2) 570(30.8)
Health status, n(%) 8405 0.078°
Good 247(33.9) 292(40.1) 189(26.0)
Fair 467(30.9) 601(39.8) 441(29.2)
Poor 202(35.5) 198(34.8) 169(29.7)
Missing, n 16 12 11
Chronic disease, n(%) 18.262 <0001P

0 335(34.0) 408(41.5) 241(24.5)
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Table 2 (continued)

Total(n=2845) Normal pre-HT[n(%)]=1103  HT[Nn(%)] =810 (28.5%) xz/H/F P -value
BP[n(%)] =932 (38.8%)
(32.8%)

1 282(31.8) 352(39.7) 253(28.5)

>2 301(32.7) 318(34.6) 301(32.7)

Missing, n 14 25 15

Sleep duration (h/night), n(%) 6.182 0.627°

>7and<8 176(32.7) 218(40.4) 45(26.9)

<6 289(32.7) 334(37.8) 260(29 4)

>6and<7 206(32.2) 260(40.7) 173(27.1)

>8and<9 173(35.1) 178(36.1) 142(28.8)

>9 48(28.6) 74(44.0) 46(27.4)

Missing, n 40 39 44

Nap time(min/day), n(%) 9,084 0.011°

0 413(45.8) 486(45.3) 305(39.2)

>0and<30 61(6.8) 74(6.9) 59(7.6)

>30and<60 92(10.2) 95(8.9) 78(10.0)

>60 335(37.2) 418(39) 337(43.3)

Missing, n 31 30 31

Abbreviations: BP Blood pressure, pre-HT Prehypertension, HT Hypertension, DBP Diastolic blood pressure, SBP Systolic blood pressure, BMI Body mass index

2 P-values are derived from One-way ANOVA test
b p-values are derived from Kruskal-Wallis test

€ P-values are derived from Chi-square test

Changes in prehypertensive status according to sex

Table 3 summarizes the proportions of the BP out-
come statuses for prehypertensive men, 39.1% of whom
remained prehypertensive, 31.2% of whom became nor-
motensive, and 29.7% of whom progressed to hyperten-
sion. Systolic BP, age, marital status, current smoking
status, BMI, abdominal obesity, health status, and chronic
diseases were significantly associated with the develop-
ment of hypertension (P<0.05). Older age, being single,
being a non-smoker, having worse health status, and hav-
ing more chronic diseases were associated with higher
rates of progression to hypertension (2<0.05).

Table 4 shows the proportion of the BP outcome sta-
tuses for prehypertensive women, 38.4% of whom
remained prehypertensive, 34.5% of whom became nor-
motensive, and 27.1% progressed to hypertension. Sys-
tolic BP, age, current smoking status, BMI, abdominal
obesity, and nap time were significantly associated with
the development of hypertension (P<0.05). A higher pro-
portion of women with baseline prehypertension who
smoked or had excessive waist circumference progressed
to having hypertension. (P<0.05).

Factors influencing the progression from prehypertension
to hypertension

Among men, after adjusting for various covariates,
the results of the multiple logistic regression analyses

revealed that, compared with 45-54 years old respond-
ents, those of older age (55-64 years: aOR=1.414, 95%Cl:
1.032-1.938; 65-74 years: aOR=1.633, 95%CI: 1.132—
2.355;>75 years: aOR=2.974, 95%CI: 1.748-5.060) had
a higher risk of developing hypertension. A significant
negative association was observed between marital status
(married or cohabitating) and the conversion from prehy-
pertension to hypertension (aOR=0.642, 95% CI: 0.418-
0.985), and there was an association between obesity and
progression to hypertension (aOR=1.634, 95%CI: 1.022—
2.611). One (aOR=1.366, 95%CI: 1.004—1.859) or more
than two (aOR=1.568, 95%CI: 1.134—2.169) chronic dis-
eases were risk factors for the progression from prehyper-
tension to hypertension (Table 5).

Among women, compared with 45-54 years old
respondents, those of an older age (55-64 years:
aOR=1.755, 95%CI: 1.256-2.450; 65-74 years:
aOR=2.430, 95%CI: 1.605-3.678; > 75 years: aOR=2.037,
95% CI: 1.038-3.995) had a higher risk of developing
hypertension. Being married or cohabiting was associ-
ated with the progression to hypertension (aOR=1.662,
95%CI: 1.052-2.626), as was obesity (aOR=1.874, 95%Cl:
1.229-2.857). Napping for > 30 and < 60 min (aOR=1.682,
95%CIL: 1.072-2.637) or>60 min (aOR=1.387, 95%CL:
1.019--1.889) were risk factors for the progression from
prehypertension to hypertension (Table 6).
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Table 3 Changes in prehypertensive status in men

Men(n=1481) Normal pre-HT[n(%)]1 =579 HT[Nn(%)] =440 (29.7%) xz/H/F P -value
BP[n(%)] =462 (39.1%)
(31.2%)
SBP(mmHg) 12741 +£584 12842+593 129.02+£591 8.623 <0.001%
DBP(mmHQ) 76144722 76.09+7.23 76294727 0.098 0.907°
Age group(years), n(%) 32.640 <0.001°
45-54 164(36.1) 187(41.2) 103(22.7)
55-64 193(32.5) 226(38.0) 175(29.5)
65-74 81(25.6) 126(39.9) 109(34.5)
>75 24(20.7) 39(33.6) 53(45.7)
Missing, n 0 2 0
Marital status, n(%) 14.768 <0.001¢
Single 26(19.4) 51(38.1) 57(42.5)
Married or cohabiting 436(32.4) 528(39.2) 383(284)
Region, n(%) 3.069 0.216°
Urban 49(26.2) 83(44.4) 55(29.4)
Rural 408(31.7) 495(38.4) 385(29.9)
Missing, n 5 1 0
Education level, n(%) 8950 0.062°
Primary and lower 252(29.4) 327(38.2) 277(32.4)
Junior/secondary/vocational school 191(33.8) 231(40.9) 143(25.3)
College and higher 19(31.7) 21(35.0) 20(33.3)
Current smoking status, n(%) 6.464 0.039¢
Yes 239(29.5) 340(42.0) 230(28.4)
No 223(33.2) 239(35.6) 210(31.2)
Alcohol habits, n(%) 5202 0.074¢
Yes 313(29.8) 410(39.0) 329(31.3)
No 148(34.7) 168(39.3) 111(26.0)
Missing, n 1 1 0
Social activity, n(%) 1.697 0.428°
No 190(30.4) 238(38.1) 197(31.5)
Yes 272(31.8) 341(39.8) 243(28.4)
BMI, n(%) 27976 <0001°
Normal 288(34.4) 308(36.8) 241(28.8)
Underweight 28(37.8) 28(37.8) 18(24.3)
Overweight 116(28.0) 181(43.7) 117(28.3)
Obese 19(15.2) 52(41.6) 54(43.2)
Missing, n 11 10 10
Abdominal obesity, n(%) 15.743 <0.001¢
No 254(36.1) 261(37.1) 188(26.7)
Yes 208(26.7) 318(40.9) 252(32.4)
Health status, n(%) 11.358 0023°
Good 143(34.4) 172(41.3) 101(24.3)
Fair 232(29.5) 312(39.7) 242(30.8)
Poor 80(31.1) 87(33.9) 90(35.0)
Missing, n 7 8 7
Chronic disease, n(%) 18.746 <0.001°
0 175(32.9) 232(43.6) 125(23.5)
1 138(29.1) 186(39.2) 150(31.
>2 142(31.6) 151(33.6) 156(34.7)
Missing, n 7 10 9
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Table 3 (continued)

Men(n=1481) Normal pre-HT[n(%)] =579 HTIn(%)] =440 (29.7%) XZ/H/F P -value
BP[n(%)] =462 (39.1%)
(31.2%)

Sleep duration (h/night), n(%) 4154 0.843P

>7and<8 97(33.0) 112(38.1) 85(28.9)

<6 120(29.9) 161(40.1) 120(29.9)

>6and<7 116(30.4) 156(40.8) 110(28.8)

>8and<9 94(35.1) 95(35.4) 79(29.5)

>9 24(27.6) 38(43.7) 25(28.7)

Missing, n 11 17 21

Nap time(min/day), n(%) 3408 0.182°

0 179(39.8) 212(37.7) 145(34.4)

>0and<30 32(7.1) 37(6.6) 35(8.3)

>30and <60 49(10.9) 46(8.2) 38(9.0)

>60 190(42.2) 267(47.5) 204(48.3)

Missing, n 12 17 18

Abbreviations: BP Blood pressure, pre-HT Prehypertension, HT Hypertension, SBP Systolic blood pressure, DBP Diastolic blood pressure, BMI Body mass index

2 P-values are derived from One-way ANOVA test
b p-values are derived from Kruskal-Wallis test

€ P-values are derived from Chi-square test

Discussion

In this study, among the 2,845 eligible participants with
prehypertension at baseline, 28.5% (440 men and 370
women) experienced progression to hypertension over
the 2-year period. The conversion rate in a Strong Heart
Study (SHS) cohort was 38% in prehypertensive partici-
pants over a 4-year follow-up period [28]. Sun found that
after 10 years of monitoring the BP levels of people aged
35-64 years in Beijing, 52.6% experienced a conversion
from a prehypertensive state to hypertension [29]. How-
ever, one prospective study conducted over 11.8 years
found that 26.1% of prehypertensive patients developed
hypertension [9]. Compared with the findings of other
scholars, the proportion of individuals exhibiting a con-
version from prehypertension to hypertension in the
present study was relatively low. One possibility for this
discrepancy may be that the follow-up periods of other
follow-up studies examining the risk factors for predict-
ing hypertension were relatively long [9, 30, 31], whereas
in this study, the period was only 2 years. Therefore, it is
possible that significant elevations of systolic and dias-
tolic BPs were observed only in some study subjects.
Despite this relatively short follow-up period, the present
results still demonstrated that some prehypertensive sub-
jects developed hypertension rapidly.

Similar to the findings of previous studies [30, 32, 33],
the results revealed that older age and obesity were inde-
pendent risk factors for the progression to hypertension
among both men and women. With increasing age, the
conversion rate to hypertension also increased. Several

mechanisms are common to biologic aging and hyper-
tension development, including inflammation, oxidative
stress, and endothelial dysfunction [34]. Epigenetic age
acceleration is significantly associated with cardiovas-
cular diseases [35]. In the present study, men > 75 years
of age had a 2.953 times higher risk of conversion to
hypertension; in women, the risk was 2.053 times higher.
In the 65-74-year-old age group, the risk of progress-
ing to hypertension was much higher in women than
in men (2.444 vs. 1.631, respectively). A previous study
demonstrated that BP starts to rise at about 30 years of
age, and the prevalence of hypertension will reach up to
60-70% in the seventh decade of men’s life [36]. In con-
trast, among women, the prevalence of BP rises much
more slowly with age before their menopause [37]. Sub-
sequently, with the increasing pressure by the age of 65
or 70 years, more women may suffer from hypertension
with ageing [36—38]. It appears that this may be a result
of the loss of estrogen during the menopause period,
leading to an increase in sympathetic nerve activity and
adrenergic vasoconstrictor responsiveness [36, 37]. These
factors are likely to contribute to a higher prevalence of
hypertension among postmenopausal women.

This study found that obesity was a risk factor for pro-
gression from prehypertension to hypertension, a find-
ing that is consistent with those of previous studies [36,
39]. Hypertension is closely linked to the prevalence,
pathophysiology, and morbidity of obesity. Increased
sympathetic nervous system activity has been shown to
contribute to hypertension associated with obesity [39].
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Table 4 Changes in prehypertensive status in women

Women(n=1364) Normal pre-HT[n(%)]1=524  HT[Nn(%)]1=370 (27.1%) X2/H/F P -value
BP[n(%)]1=470 (38.4%)
(34.5%)
SBP(mmHg) 127.29+6.14 12839+5.79 129.89+6.11 19424 <0.001°
DBP(mmHQ) 7536+7.36 75284692 7557778 0.178 0.837°
Age group(years), n(%) 20472 0.002°
45-54 189(40.1) 185(39.3) 97(20.6)
55-64 175(32.4) 205(38.0) 160(29.6)
65-74 77(30.7) 91(36.3) 83(33.1)
>75 28(27.7) 43(42.6) 30(29.7)
Missing, n 1 0 0 2.021 0.364°
Single 76(37.6) 79(39.1) 47(23.3)
Married or cohabiting 394(33.9) 445(38.3) 323(27.8)
Region, n(%) 1.661 0.436°
Urban 57(31.1) 70(38.3) 56(30.6)
Rural 412(35.1) 451(384) 312(26.6)
Missing, n 1 3 2
Education level, n(%) 6.567 0.161°
Primary and lower 372(35.1) 389(36.7) 299(28.2)
Junior/secondary/vocational school 89(32.4) 123(44.7) 63(22.9)
College and higher 9(31.0) 12(41.4) 8(27.6)
Current smoking status, n(%) 7.645 0.022¢
Yes 105(39.9) 82(31.2) 76(28.9)
No 365(33.2) 442(40.1) 294(26.7)
Alcohol habits, n(%) 0.682 0.711¢
Yes 98(34.5) 104(36.6) 82(28.9)
No 371(34.4) 419(38.9) 288(26.7)
Missing, n 1 1 0
Social activity, n(%) 2.134 0.344°
No 214(35.3) 220(36.3) 172(28.4)
Yes 256(33.8) 304(40.1) 198(26.1)
BMI, n(%) 22435 <0001°
Normal 231(38.1) 237(39.0) 139(22.9)
Underweight 30(46.2) 21(32.3) 14(21.5)
Overweight 148(32.1) 176(38.2) 137(29.7)
Obese 49(24.4) 83(41.3) 69(34.3)
Missing, n 12 7 11
Abdominal obesity, n(%) 19.079 <0.001¢
No 124(42.2) 118(40.1) 52(17.7)
Yes 346(32.3) 406(37.9) 318(29.7)
Health status, n(%) 4509 0.341°
Good 104(33.3) 120(38.5) 88(28.2)
Fair 235(32.5) 289(40) 199(27.5)
Poor 122(39.1) 111(35.6) 79(25.3)
Missing, n 9 4 4
Chronic disease, n(%) 4,997 0.288°
0 160(35.4) 176(38.9) 116(25.7)
1 144(34.9) 166(40.2) 103(24.9)
>2 159(33.8) 167(35.5) 145(30.8)
Missing, n 7 15 6

Sleep duration (h/night), n(%) 6.363 0.607°
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Table 4 (continued)

Women(n=1364) Normal pre-HT[n(%)]=524  HT[n(%)]1=370 (27.1%) X2/H/F P -value
BP[n(%)]=470 (38.4%)
(34.5%)

>7and<8 79(32.2) 106(43.3) 60(24.5)

<6 169(35.1) 173(35.9) 140(29.0)

>6and<7 90(35.0) 104(40.5) 63(24.5)

>8and<9 79(35.1) 83(36.9) 63(28.0)

>9 24(29.6) 36(44.4) 21(25.9)

Missing, n 29 22 23

Nap time(min/day), n(%) 7.661 0.022°

0 234(51.9) 274(53.6) 160(44.8)

>0and<30 29(6.4) 37(7.2) 24(6.7)

>30and <60 43(9.5) 49(9.6) 40(11.2)

>60 145(32.2) 151(29.5) 133(37.3)

Missing, n 19 13 13

Abbreviations: BP Blood pressure, pre-HT Prehypertension, HT Hypertension, SBP Systolic blood pressure, DBP Diastolic blood pressure, BMI Body mass index

2 P-values are derived from One-way ANOVA test
b p-values are derived from Kruskal-Wallis test

€ P-values are derived from Chi-square test

In recent years, the prevalence of obesity has continued
to climb, particularly in developing countries. As obesity
the single most important modifiable risk factor for pre-
hypertension and hypertension [40], interventional stud-
ies must be carried out to investigate whether reducing
obesity is beneficial in preventing the progression from
prehypertension to hypertension in both women and
men.

The present study revealed that having chronic dis-
ease was a risk factor for progressing from prehyperten-
sion to hypertension only among men. Previous studies
have shown that some common chronic diseases (such
as dyslipidemia and diabetes) are risk factors for hyper-
tension and the progression from prehypertension to
hypertension [31, 41, 42]. Therefore, individuals with
more chronic diseases have an increased risk of this
progression. Conversely, there was no significant asso-
ciation between chronic disease and the progression to
hypertension among women. One possible reason for
this outcome may be that women pay more attention to
their health than men do [43]. Previous studies revealed
that women are prone to maintaining their healthy
behaviors, whereas men are inclined to forgo medical
care and continue to practice their unhealthy behaviors
[44, 45]. Therefore, when women suffer from chronic
diseases, they may focus more on behaviors to improve
their health, such as controlling their diet and increas-
ing exercise, mitigating the effect of chronic diseases on
hypertension.

Partaking in longer nap times (>30 min) was a sig-
nificant risk factor for conversion to hypertension only

among women in this study. Some studies have found a
relationship between nap duration and objective meas-
ures of health status [46]. For example, a Dongfeng-
Tongji cohort study reported that a longer nap duration
(>60 min) was associated with hypertension [5]. Nap
may partially compensate for sleep loss among those who
stay up late at night and counteract daytime sleepiness or
fatigue which might be the early clinical manifestations
of the underlying diseases [47]. Although excessive day-
time sleepiness increases risk to somatic health, includ-
ing BP dysregulation [48], longer nap times were not a
risk factor for the progression from prehypertension to
hypertension among men in the present study, although
the reason for this finding requires further investigation.
Among women, married or cohabiting individuals
had a higher risk for conversion to hypertension, which
is consistent with the results of studies in Ghana and
India [49, 50]. One social causation hypothesis argues
that an individual’s marital status determines one’s expo-
sure to their social and economic conditions that influ-
ence health outcomes [49, 51]. Previous research results
show that domestic stressors have a greater effect on
ambulatory BP in women than in men [52]. In traditional
Chinese culture, many women not only have to work,
but they also need to invest more energy into the fam-
ily. Wives who take care of their families full-time rely
on their husband’s economic and emotional support.
Catecholamine level, which positively correlate with BP,
remains high among working, married women, even after
leaving their work environment. It indicates that home
stressors may continue to influence their sympathetic



Li et al. BMC Public Health (2023) 23:339

Table 5 Adjusted odds ratios and 95% confidence intervals
for the risk factors of progression from prehypertension to
hypertension among men

Characteristics B S.E P-value a0OR(95% ClI)
Age group

45-54 Ref

55-64 0.347 0.161 0.031 1.414(1.032-1.938)

65-74 0.490 0.187 0.009 1.633(1.132-2.355)

>75 1.090 0.271 <0.001 2.974(1.748-5.060)
Marital status

Single Ref

Married or cohabiting -0.444 0219 0.042 0.642(0.418-0.985)
Region

Urban Ref

Rural -0.070 0.196 0.721 0.932(0.634-1.370)
Education

Primary and lower Ref

Junior/secondary/vocational -0.192 0.141 0173 0.825(0.625-1.088)
school

College and higher -0.130 0420 0.756 0.878(0.385-2.001)
Alcohol habits

No Ref

Yes -0.173 0.143 0.225 0.841(0.636-1.112)

Current smoking
No Ref
Yes 0.076 0.127 0.548 1.079(0.842-1.384)

Social activity

No Ref

Yes -0.102 0.131 0437 0.903(0.698-1.168)
BMI

Normal Ref

Underweight -0.300 0322 0.351 0.741(0.394-1.391)

Overweight -0.043 0.170 0.800 0.958(0.687-1.336)

Obese 0491 0239 0.040 1.634(1.022-2.611)
Abdominal obesity

No Ref

Yes 0.243 0.161 0.130 1.276(0.931-1.747)
Health status

Good Ref

Fair 0.181 0.155 0.240 1.199(0.886-1.623)

Poor 0239 0213 0.262 1.271(0.836-1.93)
Chronic disease

0 Ref

1 0312 0.157 0.047 1.366(1.004-1.859)

>2 0450 0.165 0.007 1.568(1.134-2.169)

Sleep duration

>7and<8 Ref

<6 -0.044 0.185 0811 0.957(0.666-1.374)
>6and<7 -0.110 0.184 0.549 0.896(0.625-1.284)
>8and<9 -0.017 0.199 0.931 0.983(0.665-1.452)
>9 -0.181 0.302 0.548 0.834(0.461-1.508)

Nap time

0 Ref

0>and<30 0.238 0.251 0.343 1.269(0.776-2.074)
>30and <60 0.119 0232 0.608 1.126(0.715-1.774)
>60 0.077 0.143 0.591 1.080(0.816-1.428)

Abbreviations: 8 Coefficient, SE Standard error; BMI Body mass index, aOR
Adjusted odds ratio, C/ Confidence interval, Ref reference
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activation at home. It is urgent to identify the possible
pathophysiological mechanism [53]. Previous studies
showed that marriage was a risk factor for hypertension
in men [54, 55]; however, the present findings showed
that marriage was a protective factor for the conversion
of prehypertension to hypertension among men. The
reason for this may be that men who were married could
easily get support from their spouses. In traditional Chi-
nese culture, men often seek a meaningful challenges in
their workplace, whereas women are more likely to focus
on their family, including family members’ health [27].
Therefore, once men are diagnosed with chronic diseases
(such as prehypertension), they may receive more care
from their spouses.

This study has several limitations. First, because
some independent variables were based on self-
reported responses, it was possible that there may have
been response bias. Second, because some samples
were excluded from the analysis because the partici-
pants took antihypertensive drugs or lost to follow-up
because of death, the odds of becoming hypertensive
might be underestimated [56]. Third, some samples
were excluded from the analysis due to the missing BP
data, which could affect our findings. Fourth, hyperten-
sion status was determined via BP calculations based
on three readings collected in a single day, which might
have compromised the results due to detection bias.
Lastly, because the outcome is more than 10% in this
manuscript, the estimated odds ratios through multiple
logistic regression analysis may overestimate the rela-
tive risk [57].

Policy implications

Based on our findings, we suggest that policy-makers
and community medical staff should (1) strengthen
hypertension monitoring to achieve early detection and
intervention, and reduce the rate of progression from
pre-hypertension to hypertension, especially for older
adults; (2) pay more attention to BP status of men with
chronic diseases or single; (3) actively promote the idea
that men should share the household work to reduce
the stress of caring for women; (4) strengthen com-
munity health education to avoid the longer naps (> 30
and < 60 min), especially for female adults; (5) develop
community health education programs aimed to reduce
the prevalence of obesity.

Conclusions

Chinese middle-aged and elderly individuals expe-
rienced a risk of conversion from prehypertension
to hypertension over a 2-year period. Older age and
obesity were factors influencing the conversion of
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Table 6 Adjusted odds ratios and 95% confidence intervals
for the risk factors of progression from prehypertension to
hypertension among women

Characteristics B S.E P-value aOR(95% CI)
Age group

45-54 Ref

55-64 0.562 0.170 <0.001  1.755(1.256-2.450)

65-74 0.888 0212 <0.001  2430(1.605-3.678)

>75 0.711 0.344 0.039  2.037(1.038-3.995)
Marital status

Single Ref

Married or cohabiting 0.508 0.234 0.030 1.662(1.052-2.626)
Region

Urban Ref

Rural 0.003 0.214 0989  1.003(0.659-1.526)
Education

Primary and lower Ref

Junior/secondary/vocational -0.183 0.188 0330  0.832(0.575-1.204)
school

College and higher 0.591 1.197 0621 1.806(0.173-18.871)
Alcohol habits

No Ref

Yes -0.069 0.168 0679  0.933(0.672-1.296)
Current smoking

No Ref

Yes -0.095 0.177 0593 0.910(0.643-1.287)
Social activity

No Ref

Yes -0.158 0.143 0269  0.854(0.645-1.130)
BMI

Normal Ref

Underweight -0.022 0396 0955  0.978(045-2.125)

Overweight 0333 0.173 0.054  1.395(0.995-1.958)

Obese 0628 0.215 0.003  1.874(1.229-2.857)
Abdominal obesity

No Ref

Yes 0327 0.216 0.130  1.387(0.908-2.118)
Health status

Good Ref

Fair -0.041 0.175 0813 0.959(0.681-1.352)

Poor -0.134 0231 0561 0.875(0.556-1.374)
Chronic disease

0 Ref

1 -0.051 0.181 0.777  0.950(0.667-1.354)

>2 0319 0.181 0.078  1.376(0.964-1.963)
Sleep duration

>7and<8 Ref

<6 032 0202 0.114  1.377(0.926-2.047)

>6and<7 -0.016 0.228 0.944  0.984(0.629-1.539)

>8and<9 0.209 0227 0358  1.232(0.790-1.923)

>9 0.095 0327 0771 1.100(0.579-2.089)
Nap time

0 Ref

0>and <30 0.255 0.289 0377 1.291(0.732-2.275)

>30and<60 052 0.23 0.024  1.682(1.072-2.637)

>60 0327 0.158 0.038  1.387(1.019-1.889)

Abbreviations: 8 Coefficient, SE Standard error, BMI Body mass index, aOR
Adjusted odds ratio, C/ Confidence interval, Ref reference
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prehypertension to hypertension in both men and
women. Among men, the number of chronic diseases
was a risk factor, whereas being married or cohabiting
was a protective factor for the progression from pre-
hypertension to hypertension. Among women, being
married or cohabiting and napping for > 30 min were
the factors influencing the progression to hypertension.
Prehypertensive individuals should receive lifestyle
interventions such as body weight control and frequent
BP monitoring.

Abbreviations

aOR Adjusted odds ratio

BMI Body mass index

BP Blood pressure

CHARLS  China health and retirement longitudinal study
cl Confidence interval

DBP Diastolic blood pressure

HT Hypertension

pre-HT Prehypertension

SBP Systolic blood pressure
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SPSS Statistical package for the social sciences

Acknowledgements
We thank the China Health and Retirement Longitudinal Study (CHARLS)
research team and the field team for their collecting data.

Authors’ contributions

ZL and CF designed the study. ZL and LC participated in the data analysis. ZZ,
MH, and ZL participated in the interpretation of data. ZL and CF wrote the
original manuscript. ZL, LC, and CF revised the manuscript. All authors have
read and approved the final manuscript.

Funding
This research did not receive any specific grants from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets analysed for the current study are available in the CHARLS
(https://charls.charlsdata.com/pages/data/111/zh-cn.html).

Declarations

Ethics approval and consent to participate

CHARLS has been approved by the Ethical Review Committee of Peking Uni-
versity and ethical approval of the present data analysis was not needed. All
subjects gave their informed consent for inclusion before participating in the
survey. All methods in the present study were carried out in accordance with
relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The author(s) declared no competing interest.

Author details

"Yantai Center for Disease Control and Prevention, No.17 Fuhou Road,

Yantai 264003, Shandong, China. >Department of Gastrointestinal Surgery
Bariatric and Metabolic Surgery, Binzhou Medical University Hospital, No.

661 2nd Huanghe Road, Binzhou 256603, Shandong, China. *Department

of Anesthesiology, the 80Th Army Hospital, No. 256 Beigongxijie Rd, Weifang,
Shandong 261021, China. “Department of Pharmacy, the 80Th Army Hospital,


https://charls.charlsdata.com/pages/data/111/zh-cn.html

Li et al. BMC Public Health (2023) 23:339

No. 256 Beigongxijie Rd., Weifang 261021, Shandong, China. °Department

of Health Service and Management,School of Public Health and Management,
Binzhou Medical University, No.346 Guanhai Road, Yantai 264003, Shandong,
China.

Received: 12 July 2022 Accepted: 20 October 2022
Published online: 15 February 2023

References

1. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J.
Global burden of hypertension: analysis of worldwide data. Lancet.
2005;365(9455):217-23.

2. Han M, LiQ LiuL, Zhang D, RenY, Zhao Y, et al. Prehypertension and
risk of cardiovascular diseases: a meta-analysis of 47 cohort studies. J
Hypertens. 2019;37(12):2325-32.

3. Tomiyama H, Hashimoto H, Matsumoto C, Odaira M, Yoshida M, Shiina
K, et al. Effects of aging and persistent prehypertension on arterial
stiffening. Atherosclerosis. 2011;217(1):130-4.

4. Kanazawa |, Sugimoto T. Prehypertension increases the risk of athero-
sclerosis in drug-naive Japanese patients with type 2 diabetes mellitus.
PLoS ONE. 2018;13(7):€201055.

5. Cao Z Shen L, Wu J,Yang H, Fang W, Chen W, et al. The effects of mid-
day nap duration on the risk of hypertension in a middle-aged and
older Chinese population. J Hypertens. 2014;32(10):1993-8.

6. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr,
et al. The Seventh Report of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High Blood Pressure: the
IJNC 7 report. JAMA. 2003;289(19):2560-72.

7. Kuwabara M, Hisatome |, Niwa K, Hara S, Roncal-Jimenez CA, Bjornstad
P, et al. Uric Acid Is a Strong Risk Marker for Developing Hypertension
From Prehypertension. Hypertension. 2018;71(1):78-86.

8. Julius S, Nesbitt SD, Egan BM, Weber MA, Michelson EL, Kaciroti N, et al.
Feasibility of Treating Prehypertension with an Angiotensin-Receptor
Blocker. N Engl J Med. 2006;354(16):1685-97.

9. IshikawaY, Ishikawa J, Ishikawa S, Kario K, Kajii E. Progression from
prehypertension to hypertension and risk of cardiovascular disease. J
Epidemiol. 2017;27(1):8-13.

10. Egan BM, Lackland DT, Jones DW. Prehypertension: An Opportunity for
a New Public Health Paradigm. Cardiol Clin. 2010;28(4):561-9.

11. Guo X, Zou L, Zhang X, Li J, Zheng L, Sun Z, et al. Prehypertension:

a meta-analysis of the epidemiology, risk factors, and predictors of
progression. Tex Heart Inst J. 2011;38(6):643-52.

12. Booth JN, Li J, Zhang L, Chen L, Muntner P, Egan B. Trends in Prehy-
pertension and Hypertension Risk Factors in US Adults. Hypertension.
2017;70(2):275-84.

13. XuT, LiuJ, Zhu G, Liu J, Han S. Prevalence of prehypertension and
associated risk factors among Chinese adults from a large-scale multi-
ethnic population survey. BMC Public Health. 2016;16(1):775.

14. Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al. Status of
Hypertension in China. Circulation. 2018;137(22):2344-56.

15. Redwine KM, Acosta AA, Poffenbarger T, Portman RJ, Samuels J.
Development of Hypertension in Adolescents with Pre-Hypertension. J
Pediatr. 2012;160(1):98-103.

16. Gyamfi D, Obirikorang C, Acheampong E, Danquah KO, Asamoah EA,
Liman FZ, et al. Prevalence of pre-hypertension and hypertension and
its related risk factors among undergraduate students in a Tertiary
institution. Ghana Alex J Med. 2018;54(4):475-80.

17. Gu D, Wildman R, Wu X, Reynolds K, Huang J, Chen C, et al. Incidence
and predictors of hypertension over 8 years among Chinese men and
women. J Hypertens. 2007;25(3):517-23.

18 Kanegae H, Oikawa T, Kario K. Should Pre-hypertension Be Treated?
Curr Hypertens Rep. 2017;19(11):1-9.

19. Wu SL, Zhang ZQ, Song SB, Yao TC, Li Y, Wang JL, et al. Prevalence of
prehypertension and associated cardiovascular risk: two years follow
up results. Zhonghua Xin Xue Guan Bing Za Zhi. 2010;38(5):415-9.

20. Sun Z, Zheng L, Detrano R, Zhang X, Xu C, Li J, et al. Risk of Progres-
sion to Hypertension in a Rural Chinese Women Population with
Prehypertension and Normal Blood Pressure. Am J Hypertens.
2010,23(6):627-32.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 14 of 15

Wenger NK, Arnold A, Bairey Merz CN, Cooper-DeHoff RM, Ferdinand KC,
Fleg JL, et al. Hypertension Across a Woman'’s Life Cycle. J Am Coll Cardiol.
2018;71(16):1797-813.

Abramson BL, Melvin RG. Cardiovascular risk in women: focus on hyper-
tension. Can J Cardiol. 2014;30(5):553-9.

Robitaille C, Dai S, Waters C, Loukine L, Bancej C, Quach S, et al. Diag-
nosed hypertension in Canada: incidence, prevalence and associated
mortality. CMAJ. 2012;184(1):E49-56.

Zhao F, Liu Q, LiY, Feng X, Chang H, Lyu J. Association between alcohol
consumption and hypertension in Chinese adults: Findings from the
CHNS. Alcohol. 2020;83:83-8.

Zhou B. Effect of body mass index on all-cause mortality and incidence
of cardiovascular diseases-report for meta-analysis of prospective
studies open optimal cut-off points of body mass index in Chinese
adults. Biomed Environ Sci. 2002;15(3):245-52.

Guo J, FeiY, Li J, Zhang L, Luo Q, Chen G. Gender- and age-specific
associations between sleep duration and prevalent hypertension in
middle-aged and elderly Chinese: a cross-sectional study from CHARLS
2011-2012. BMJ Open. 2016;6(9):e011770.

Fu C, Li Z, Mao Z. Association between Social Activities and Cognitive
Function among the Elderly in China: A Cross-Sectional Study. Int J
Environ Res Public Health. 2018;15(2):231.

De Marco M, de Simone G, Roman MJ, Chinali M, Lee ET, Russell M,

et al. Cardiovascular and Metabolic Predictors of Progression of Prehy-
pertension Into Hypertension. Hypertension. 2009;54(5):974-80.
SunYJ, Zhao D, Wang W, Liu J, Wu GX, Wang WH, et al. The change of
blood pressure level during ten years (1992-2002) for individuals in
2740 subjects in Beijing. Chin J Hypertension. 2005;13:115-9.

Selassie A, Wagner CS, Laken ML, Ferguson ML, Ferdinand KC, Egan BM.
Progression Is Accelerated From Prehypertension to Hypertension in
Blacks. Hypertension. 2011;58(4):579-87.

. Yu ES, Hong K, Chun BC. Incidence and risk factors for progression from

prehypertension to hypertension: a 12-year Korean Cohort Study. J
Hypertens. 2020;38(9):1755-62.

Ferguson TS, Younger N, Tulloch-Reid MK, Lawrence-Wright MB, For-
rester TE, Cooper RS, et al. Progression from Prehypertension to Hyper-
tension in a Jamaican Cohort: Incident Hypertension and its Predictors.
West Indian Med J. 2010;59(5):486-93.

Bozorgmanesh M, Ghoreishian H, Mohebi R, Azizi F, Hadaegh F. Sex-
specific predictors of the prehypertension-to-hypertension progres-
sion: community-based cohort of a West-Asian population. Eur J Prev
Cardiol. 2013;21(8):956-63.

Buford TW. Hypertension and aging. Ageing Res Rev. 2016;26:96-111.
Smith JA, Raisky J, Ratliff SM, Liu J, Kardia SLR, Turner ST, et al. Intrinsic
and extrinsic epigenetic age acceleration are associated with hyper-
tensive target organ damage in older African Americans. BMC Med
Genomics. 2019;12:141.

Joyner MJ, Wallin BG, Charkoudian N. Sex differences and blood pres-
sure regulation in humans. Exp Physiol. 2016;101(3):349-55.

Ramirez LA, Sullivan JC. Sex Differences in Hypertension: Where

We Have Been and Where We Are Going. Am J Hypertens.
2018;31(12):1247-54.

Hollenberg NK, Martinez G, McCullough M, Meinking T, Passan D, Preston
M, et al. Aging, Acculturation, Salt Intake, and Hypertension in the Kuna
of Panama. Hypertension. 1997;29(1 Pt 2):171-6.

Kunz I, Schorr U, Klaus S, Sharma AM. Resting Metabolic Rate and Sub-
strate Use in Obesity Hypertension. Hypertension. 2000;36(1):26-32.
Msemo OA, Schmiegelow C, Nielsen BB, Kousholt H, Grunnet LG,
Christensen DL, et al. Risk factors of pre-hypertension and hyperten-
sion among non-pregnant women of reproductive age in northeastern
Tanzania: a community based cross-sectional study. Trop Med Int Health.
2018;23(11):1176-87.

Otsuka T, Takada H, Nishiyama Y, Kodani E, Saiki Y, Kato K, et al. Dyslipi-
demia and the Risk of Developing Hypertension in a Working-Age Male
Population. J Am Heart Assoc. 2016;5(3):e003053.

Waeber B, Feihl F, Ruilope L. Diabetes and hypertension. Blood Press.
2001;10(5-6):311-21.

Vari R, Scazzocchio B, D’Amore A, Giovannini C, Gessani S, Masella R.
Gender-related differences in lifestyle may affect health status. Ann Ist
Super Sanita. 2016;52(2):158-66.



Li et al. BMC Public Health

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55

56.

57.

(2023) 23:339

Hart CG, Saperstein A, Magliozzi D, Westbrook L. Gender and Health:
Beyond Binary Categorical Measurement. J Health Soc Behav.
2019;60(1):101-18.

Springer KW, Mouzon DM. “Macho men”and preventive health care:
implications for older men in different social classes. J Health Soc Behav.
2011;52(2):212-27.

Stroe AF, Roth T, Jefferson C, Hudgel DW, Roehrs T, Moss K, et al. Compara-
tive levels of excessive daytime sleepiness in common medical disorders.
Sleep Med. 2010;11(9):890-6.

Wang C, Bangdiwala SI, Rangarajan S, Lear SA, AlHabib KF, Mohan V, et al.
Association of estimated sleep duration and naps with mortality and
cardiovascular events: a study of 116 632 people from 21 countries. Eur
Heart J. 2019;40(20):1620-9.

Hein M, Mungo A, Hubain P, Loas G. Excessive daytime sleepiness in
adolescents: current treatment strategies. Sleep Sci. 2020;13(2):157-71.
Tuoyire DA, Ayetey H. Gender Differences in the association between
marital status and hypertension in Ghana. J Biosoc Sci. 2019;51(3):313-34.
Kumar K, Misra S. Sex differences in prevalence and risk factors of hyper-
tension in India: Evidence from the National Family Health Survey-4. PLoS
ONE. 2021;16(4):247956.

Law RW, Sbarra DA. The Effects of Church Attendance and Marital Status
on the Longitudinal Trajectories of Depressed Mood Among Older
Adults. J Aging Health. 2009;21(6):803-23.

James GD, Yee LS, Harshfield GA, Pickering TG. Sex differences in

factors affecting the daily variation of blood pressure. Soc Sci Med.
1988;26(10):1019-23.

Luecken LJ, Suarez EC, Kuhn CM, Barefoot JC, Blumenthal JA, Siegler IC,
et al. Stress in employed women: impact of marital status and children

at home on neurohormone output and home strain. Psychosom Med.
1997;59(4):352-9.

Li K, Ma X, Yuan L, Ma J. Age differences in the association between mari-
tal status and hypertension: a population-based study. J Hum Hypertens.
2022;36(7):670-80.

Hosseini Z, Veenstra G, Khan NA, Al C. Social connections and hyperten-
sion in women and men: a population-based cross-sectional study of the
Canadian Longitudinal Study on Aging. J Hypertens. 2021;39(4):651-60.
Winegarden CR. From “prehypertension”to hypertension? Additional
evidence Ann Epidemiol. 2005;15(9):720-5.

McNutt LA, Wu C, Xue X, Hafner JP. Estimating the relative risk in cohort
studies and clinical trials of common outcomes. Am J Epidemiol.
2003;157(10):940-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 15 of 15

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Factors influencing the progression from prehypertension to hypertension among Chinese middle-aged and older adults: a 2-year longitudinal study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Data source
	Measurement and definitions
	Covariates
	Statistical analysis
	Ethical approval

	Results
	Baseline characteristics of study respondents with prehypertension
	Changes in the prehypertensive status of the sample
	Changes in prehypertensive status according to sex
	Factors influencing the progression from prehypertension to hypertension

	Discussion
	Policy implications

	Conclusions
	Acknowledgements
	References


