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Abstract

Background: The new ACC/AHA hypertension guideline lower the definition of hypertension from 140/90 mmHg
to 130/80 mmHg and eliminate the category of prehypertension thus increasing the prevalence of hypertension. A
purpose of this study is to explore the applicability of the new guidelines in rural China.

Methods: In total, 3229 participants aged ≥35 years and free of stroke at baseline were followed for up to 4.8 years
during 2012 to 2017 in a rural community-based prospective cohort study of Xifeng County. The hazard ratio (HR)
and 95% Confidence interval (CI) of different blood pressure (BP) levels for risk of incident stroke were analyzed by
multivariable Cox proportional hazard models.

Results: During the follow-up, 81 new strokes occurred among the 3229 participants. Compared with normal BP
(Systolic BP (SBP)<120 mmHg and Diastolic BP (DBP)<80 mmHg), stage 2 hypertension (SBP ≥ 140 mmHg or DBP ≥
90 mmHg) had approximately 2.1 greater risks for stroke (HR: 2.10, 95% CI: 1.13 to 3.91, P = 0.020). However, there
was no significant association between elevated (SBP:120-129 mmHg and DBP<80 mmHg), stage1 hypertension
(SBP:130-139 mmHg or DBP:80-89 mmHg) and stroke incidence (HR: 0.93, 95% CI: 0.33 to 2.61, P = 0.888; HR: 0.96,
95% CI: 0.46 to 2.02, P = 0.920, respectively). An increase of the SBP by 1-SD increases the risk for stroke by 56% (HR:
1.56, 95%CI: 1.29 to 1.88, P < 0.001). An increase of the SBP by 20 mmHg increases the risk for stroke by 51% (HR:
1.51, 95%CI: 1.27 to 1.80, P < 0.001).

Conclusions: Compared with normal BP, the stage 2 hypertension based on 2017 ACC/AHA guideline significantly
increases the risk of stroke incidence, but this association was not observed between elevated, stage1 hypertension
and stroke incidence in Chinese rural adults.
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Background
In the past decade, the relationship between blood pres-
sure (BP) and stroke has been well documented [1–4].
In the United States, hypertension caused more deaths
from cardiovascular disease (CVD) than any other CVD
risk factor that is changeable, making it become the sec-
ond preventable cause of death after smoking [1]. The
national health and nutrition survey (NHANES) study
shows that more than 50% of patients who died from
coronary heart disease (CHD) or stroke are from high
blood pressure [2]. The risk of Atherosclerosis Risk in
Communities (ARIC) study indicates that 25% of cardio-
vascular events (CHD, coronary artery disease recon-
struction, stroke or heart failure) are derived from
hypertension [3]. The death of cardiac cerebral vascular
disease is the first cause of death in China. Among them,
stroke is the first cause of death [4]. Many studies have
also reported that China has one of the highest inci-
dences of stroke worldwide [5–8].
However, newly issued on November 13, 2017, the

American College of Cardiology / American Heart Asso-
ciation (ACC/AHA) guidelines revised the hypertension
definition to 130/80 mmHg and increasing the preva-
lence of hypertension. BP was divided into the normal
(Systolic BP (SBP)<120 mmHg and Diastolic BP (DBP)<
80mmHg), elevated (SBP:120-129 mmHg and DBP<80
mmHg), stage1 hypertension (SBP:130-139mmHg or
DBP:80-89 mmHg) and stage 2 hypertension (SBP ≥ 140
mmHg or DBP ≥ 90 mmHg). Similarly, if China follows
the guideline of the United States, more people will be-
come hypertensive patients, especially in the rural popu-
lation, many previous studies conducted by our team
also have shown that the prevalence of hypertension is
high in rural population in Liaoning [9–11].
Therefore, this study used the 2017 AHA/ACC hyper-

tension guideline to define BP level and observe the rela-
tionship between new BP levels and the risk of stroke
incidence through a rural community-based prospective
cohort study in order to explore the applicability of the
new guidelines in rural China.

Methods
Study population
This study was based on a rural community-based pro-
spective cohort study of Xifeng County, which is located
in northeast China. From June 2012 to August 2012, 4157
Chinese rural participants aged ≥35 years from 2 of the 19
towns were included by cluster random sampling (2
towns, Anmin and Helong). Individuals who are pregnant,
malignancies or mental disorders were excluded from this
study. The study was approved by Ethics Committee of
China Medical University (Shenyang, China)(Num. AF-
SOP-07-1. 0–01). All procedures were conducted in ac-
cordance with the ethical standards of this committee. All

participants received written consent after learning the ob-
jectives, benefits and medical details of the study and the
confidentiality agreement regarding personal information.
All study subjects were invited to return for follow-

up from June 2017 to September 2017, 330 individ-
uals refused or were lost to follow-up and 3827
(92.06%) participants (or their guardians) agreed and
completed the follow-up study. In this study, we ana-
lyzed the baseline and follow-up data, and only the
participants provided complete data on the variables
were analyzed in the study. The inclusion process of
subjects is shown in Fig. 1.

Stroke and BP level assessment
In our study, on the basis of the WHO multi-national
monitoring of the trend of cardiovascular disease and
the decision factor (MONICA) standard [12], the stroke
event is defined as a local (or global) brain dysfunction
that continues the rapid growth of the > 24 h, with no
apparent non-vascular causes. The definition included
patients presenting with clinical signs and symptoms of
subarachnoid hemorrhage, intracerebral hemorrhage,
thrombosis. Transient ischemic attacks (TIA) and silent
brain infarctions (cases without clinical signs or symp-
toms) were not included, neither were events associated
with trauma, hematologic disorders, or malignancy. All
information was independently reviewed by the endpoint
evaluation committee and its members were unaware of
the baseline risk factors for the study participants.

BP measurement and definition
According to the American heart association protocol,
the BP was measured three times at least 2 min after a
rest of at least 5 min using a standardized automatic
electronic blood pressure measuring instrument (HEM
− 907), which has been confirmed by British hyperten-
sive association [13]. Participants were advised to avoid
sports and alcohol for at least 30 min before they were
measured. During the measurement, the participants’
arms were supported at the heart level. The average of
three BP was used for the final analysis and evaluation.
According to the American Heart Association (AHA)

published its 2017 hypertension clinical practice guide-
lines, BP was divided into the normal (SBP<120 mmHg
and DBP<80mmHg), elevated (SBP:120–129 mmHg and
DBP<80mmHg), stage1 hypertension (SBP:130–139
mmHg or DBP:80–89mmHg) and stage2 hypertension
(SBP:≥140 mmHg or DBP:≥90mmHg) [14].

Data collection and measurements at baseline
Detailed methods have been described previously [15].
The data was conducted by face-to-face with cardiolo-
gists and trained nurses using standard questionnaires
during a single clinic visit. Prior to the investigation, we
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invited all qualified investigators to participate in an or-
ganized training course. The training included the pur-
pose of this study, how to manage the questionnaire, the
standard measurement method, the importance of
standardization and the research procedure. The training
was followed by rigorous test, and only those who scored
high on the test were allowed to act as investigators.
Our inspector provided further instructions and support
when collecting data.
A standardized questionnaire, had been described in

previously literature [7, 9, 11, 15, 16], was used to inves-
tigate the demographic characteristics, lifestyle risk fac-
tors, family income, history of heart disease and any
drugs used in the 2 weeks before the survey. Currently
smoking was defined as at least one cigarette per day
and for at least 1 year [16]. Alcohol consumption was
defined as the weekly consumption of beer, wine and
hard liquor, converted into mL of alcohol. Current
drinking was defined as more than 1 drink/day for
women and more than 2 drinks/day for men during the
last year [16]. Education levels were divided into primary
or middle school, middle school, and high school or
above. Labor strength is based on the classification of
China physical labor intensity, divided into 4 levels: I
(Light labor), II (Moderate labor), III (Heavy labor), IV
(Extremely heavy labor). Diabetes was defined as a his-
tory of diabetes or fasting blood glucose (FPG) level ≥
7.0 mmol/L [17]. The history of antihypertensive drugs

was taken within 2 weeks of the patient’s self-report.
The history of coronary heart disease (CHD) was defined
as patient’s self-report. Weight and height were mea-
sured to the nearest 0.1 kg and 0.1 cm, respectively, with
participants in light weight clothing and without shoes.
Body mass index (BMI) was calculated as the partici-
pant’s weight in kilograms divided by their height in me-
ters squared (kg/m2).
After a fasting of at least 12 h, all participants collected

fasting blood samples. Then isolated from whole blood
serum, and serum samples were frozen at − 20 °C for
testing at a center, certified laboratory. In automatic
analyzer (Olympus AU640 automatic analyzer, Olympus
Corp., kobe, Japan), general blood biochemical indexes
such as total cholesterol (TC), FPG, low-density lipopro-
tein cholesterol (LDL-C), high density lipoprotein chol-
esterol (HDL-C), triglyceride (TG), were analyzed. All
laboratory equipment has been calibrated and samples
are repeated with blind samples. Dyslipiemia was defined
as TG ≥ 1.7 mmol/L, TC ≥ 5.2 mmol/L, LDL-C ≥ 3.4
mmol/L or HDL-C < 1.0 mmol/L [18].

Statistical analysis
Descriptive statistics were calculated for all the variables,
including continuous variables (expressed as the mean
values and standard error) and categorical variables
(expressed as numbers and proportions). The difference
of baseline characteristics between different sex were

Fig. 1 Flow chart of participant recruitment and derivation of the population used in the final analysis. Abbreviation: SBP, systolic blood pressure;
DBP, diastolic blood pressure
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evaluated using the student’ t test or the χ2-test, as
appropriate.
To evaluate stroke risk associated with BP level, partic-

ipants were stratified by BP, which was according to the
2017 ACC/AHA classification criteria: normal, elevated,
stage1 hypertension and stage 2 hypertension. Cox pro-
portional hazards model (Forward Stepwise) was used to
identify independent associations between different BP
level or an increment of 1- standard deviation (SD) /20
mmHg in SBP/DBP and stroke incidence. All the vari-
ables included in the analysis start including: age, sex,
ethnicity, education level, current smoking, current
drinking, BMI, labor strength, dyslipidemia, diabetes,
atrial fibrillation, coronary heart disease and antihyper-
tensive medication. Hazard Ratios (HR) and the corre-
sponding 95% confidence interval (CI) were calculated,
with the normal BP level (SBP/DBP <120/<80 mmHg) as
the reference. In addition, sensitivity analyses were per-
formed after excluding participants who were taking an-
tihypertensive medications. Furthermore, an age group
BP level and a sex BP level interaction were analyzed in
Cox proportional hazards model.
The incidence rate was denoted by case load/100,000

person-years. χ2 test was used to test the rate difference
between sex.
All the statistical analyses were performed using SPSS

version 20.0 software, and a 2-sided value of P less than
0.05 were considered to be statistically significant.

Results
Baseline characteristics of the study population
A total of 3229 rural Chinese adults (65.4% women;
mean age, 55.6 ± 10.2 years), with a median follow-up
period of 4.8 years, were eligible for the present study.
Table 1 shows the baseline characteristics of all partici-
pants. The mean SBP and DBP of the present study par-
ticipants are 129.4 ± 21.2 mmHg, 82.2 ± 12.4 mmHg,
respectively. There were statistical differences in age,
education level, current smoking, current drinking, labor
strength, BMI, atrial fibrillation, history of CHD, DBP
and BP level among different sex. Overall, the propor-
tion of normal BP level, elevated BP level, stage 1 hyper-
tension, and stage 2 hypertension were 26.9, 8.8, 29.1,
and 35.2%, respectively. Only a total of 3.4% of the
population took antihypertensive drugs. According to
the 2017 ACC /AHA guideline, hypertension prevalence
rate was 64.5%.

Multivariate cox regression analyses for BP and stroke
Table 2 presents the multivariate Cox regression analyses
for the risk of stroke in incidence relation to different BP
levels (the specific global p-value is 0.011). Stage 2 hyper-
tension patients had approximately 2.10 greater hazard for
stroke (HR: 2.10, 95% CI: 1.13 to 3.91, P = 0.020)

compared with the normal BP. Overall, there was no sig-
nificant association between elevated BP and stroke inci-
dence (HR: 0.93, 95% CI: 0.33 to 2.61, P = 0.888). And our
study also showed that there was no significant association
between stage1 hypertension and stroke incidence (HR:
0.96, 95% CI: 0.46 to 2.02, P = 0.920).
We further analyzed HRs for stroke incidence (Table 2)

associated with a 1-SD or 20mmHg increase of SBP and
DBP. An increase of the SBP by 1-SD increases the hazard
for stroke by 56% (HR: 1.56, 95%CI: 1.29 to 1.88, P <
0.001). An increase of the SBP by 20mmHg increases the
hazard for stroke by 51% (HR: 1.51, 95%CI: 1.27 to 1.80,
P < 0.001). However, no statistical significance was found
between a 1-SD or 20mmHg increase of DBP and stroke
incidence.
In addition, similar results were found after excluding

participants on antihypertensive treatments (n = 3118)
(the specific global p-value is 0.047) (Table 3). Further-
more, we did not find there is any effect medication by
sex or age group in the multivariable models (P = 0.644,
P = 0.961, respectively).

Incidence rate of stroke
During follow-up, 81 (2.5%) non-stroke individuals at
baseline developed incident stroke, and the median
follow-up year is 4.8. Overall, the incidence of stroke is
on the rise across the four BP level: 311 per 100,000
person-years participants with normal BP, 367 per 100,
000 person-years with elevated BP, 330 per 100,000
person-years participants with stage 1 hypertension and
889 per 100,000 person-years participants with stage 2
hypertension, respectively. Compare with other BP level,
the higher incidence of stroke was obviously observed in
stage 2 BP level among both women and men groups
(813 per 100,000 person-years and 1002 per 100,000
person-years, respectively) (Fig. 2). In addition, no statis-
tical significance was found among sex for incident
stroke difference (P = 0.157).

Discussion
The present study, with a relatively successful (> 90%)
follow-up, revealed that the 2017 ACC/AHA stage 2
hypertension definition significant increases the risk of
stroke incidence, but this association was not observed
between elevated, stage1 hypertension and stroke inci-
dence. And increment of 1-SD or 20mmHg in SBP is
associated with risk of stroke incidence. Furthermore,
the rates of hypertension treatment and incident of
stroke are disproportionately and unacceptably low
among rural Chinese adults.
BP is a strong determinant risk factor of ischemic

stroke and intracranial hemorrhage [19]. The present
study showed that the Stage 2 BP level was associated
with an approximately 2-fold greater risk for stroke. This
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result is consistent with most previous studies [20, 21].
According to a recent meta-analysis, BP control < 150/
90 mmHg and low to moderate intensity(≤140/ 85
mmHg) was associated with significant decrease in
stroke (RR, 0.74; 95% CI, 0.65–0.84; RR, 0.79, 95% CI
0.59–0.99, respectively) [20]. The multivariate-adjusted
HR (95% CI) of stroke for non-hypertension/drinkers,
hypertension/non-drinkers and hypertension/drinkers
were 1.03 (0.48–2.22), 2.64 (1.45–4.81) and 2.89 (1.55–
5.39), respectively, compared with non-hypertension/
non-drinkers [21]. In a meta-analysis of clinical trials,
antihypertensive therapy was associated with an average
reduction in stroke incidence of 41% (95% CI, 33 to
48%), a reduction in SBP of 10 mmHg, or a DBP of 5
mmHg [22]. The combined results of SPRINT and

ACCORD showed that the strengthen BP control (< 120
mmHg) compared with standard BP treatment level (<
140 mmHg) resulted in a significant reduction in stroke
risk (RR, 0.75; 95% confidence interval: 0.58–0.97) [23].
In recent years, more and more studies have pointed out
the risk of cardiovascular disease increases from normal
BP to elevated BP and stage1 hypertension [24–26].
Many of these meta-analyses, the HR for stroke were be-
tween 1.5 and 2.0 for the comparison of SBP/DBP of
130–139/85–89mmHg versus < 120/80mmHg and be-
tween 1.1 and 1.5 for the comparison of SBP/DBP of
120–129/80–84mmHg versus < 120/80 mmHg. How-
ever, the present study did not draw a similar conclu-
sion. But, recently, a study from China reported that
stage 1 hypertension on cardiovascular risk is evidenced

Table 1 Baseline characteristics of study population (N = 3229)

Women (n = 2113) Men (n = 1116) P Value Total N = 3229

Age (years) 54.56 ± 0.21 57.58 ± 0.32 0.014 55.60 ± 0.18

Ethnicity, %

Han 52.3 55.6 53.5

Manchu 46.0 43.1 45.0

Mongolian 1.7 1.3 0.189 1.5

Education level, %

Primary school or below 73.8 59.1 68.7

Middle school 22.0 30.0 24.7

High school or above 4.2 10.9 <0.001 6.5

Current smoking, % 21.4 55.4 <0.001 33.1

Current drinking, % 4.7 43.9 <0.001 18.2

BMI (kg/m2) 23.39 ± 0.08 22.93 ± 0.10 <0.001 23.23 ± 0.06

Labor strength

I 21.8 17.3 20.2

II 23.7 18.6 22.0

III 44.1 43.4 43.8

IV 10.4 20.7 <0.001 14.0

Dyslipidemia, % 64.9 61.7 0.073 63.8

Diabetes, % 9.7 10.2 0.673 9.9

Atrial fibrillation, % 4.7 2.9 0.013 4.1

SBP (mmHg) 128.19 ± 0.47 132.76 ± 0.62 0.157 129.40 ± 0.37

DBP (mmHg) 80.89 ± 0.25 84.48 ± 0.36 0.044 82.15 ± 0.22

BP levela

Normal 31.2 18.8 26.9

Elevated 9.0 8.3 8.8

Stage 1 28.2 31.0 29.2

Stage 2 31.6 41.8 <0.001 35.2

History of CHD, % 11.5 7.7 0.001 10.2

Antihypertensive medications, % 3.7 2.9 0.916 3.4

Abbreviations: BMI body mass index, TC total cholesterol, TG triglyceride; LDL-C low density lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol;
CHD Coronary heart disease, SBP systolic blood pressure, DBP diastolic blood pressure. P for category from chi-square; for continuous from student’ t test. a BP
level was defined by 2017ACC/AHA hypertension guideline
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in young and middle-aged Chinese adults, but not in
those aged≥60 years [27] . This is a little similar to our
finding but not exactly the same, which may be due to
the differences age composition of the subjects or the
relatively small sample size of our study.
Zengwu Wang, et al. showed that the prevalence of

hypertension in rural residents according to the Chinese
Hypertension Guidelines was 23.1% [28]. Our study indi-
cated that the prevalence of hypertension according to
the definitions from 2017 ACC/AHA guideline was
64.5%, which revealed that the 2017 ACC/AHA hyper-
tension guideline will lead to a significant increase in the
percentage of hypertension among Chinese rural adults.
It is recommended that strengthen management and an-
tihypertensive drug treatment to increase the control of
hypertension in Chinese adults.
Our team previously reported the incidence of stroke

in rural areas in northeast China from 2004 to 2010, of
which men were 775.9 per 100,000 person-years and
women were 435.6 per 100,000 person-years [29]. The
good news is that the incidence of stroke in the rural
areas of northeast China decreased slightly from 2012 to
2017, of which men were 641 per 100,000 person-years

and women were 462 per 100,000 person-years. This is
an affirmation of our stroke prevention work. However,
in comparison with other ethnicity, the incidence of
stroke in this area is still higher. One study showed that
in 2005 the incidence of stroke among the White was
217 per 100,000 person-years, and the Black was 370 per
100,000 person-years [19]. These differences are likely to
be the result of different Westernization lifestyles and
eating habits. Accelerated epidemiological hypertension
and low control rates may also be contributing factors.
In the present study, our study population was

followed for a median of 4.8 years, and we provided up-
dated information on the stroke and BP level, which is
based on 2017 ACC/AHA Guideline for the Prevention,
Detection, Evaluation and Management of High BP in
Adults, among a general population from rural China.
Although the representativeness of this study is more
limited, the results provide unique and reliable informa-
tion on the latest US guidelines on BP levels and stroke.
However, our study had some limitations that need to

be considered. Firstly, BP measurement in baseline was
just three times a day and it wasn’t three measurements
on different days, which may induce a misclassification

Table 2 Cox regression analyses for association between BP
level and stroke in the total population(N = 3229) (Forward
Stepwise)

Variable HR 95%CI P-Value

Model 1

BP level 0.011a

normal reference

elevated 0.93 0.33–2.61 0.888

stage1 0.96 0.46–2.02 0.920

stage2 2.10 1.13–3.91 0.020

Age 1.06 1.03–1.08 < 0.001

Current drinking 1.76 1.09–2.84 0.021

Model 2

SBP (per SD) 1.56 1.29–1.88 < 0.001

Age 1.05 1.03–1.07 < 0.001

Current drinking 1.80 1.12–2.90 0.016

Model 3

SBP (per 20 mmHg) 1.51 1.27–1.80 < 0.001

Age 1.05 1.03–1.07 < 0.001

Current drinking 1.80 1.12–2.90 0.016

Abbreviations: HR Hazard Ratios, CI confidence interval
All the variables included in the analysis start including age, sex, ethnicity,
education level, current smoking, current drinking, BMI, labor strength,
dyslipidemia, diabetes, atrial fibrillation, coronary heart disease and
antihypertensive medication
arepresent the correct global p-value for the BP categorical variable included
in the Cox model
Model 1: the independent variable is BP level
Model 2: the independent variable is SBP (per SD)/DBP (per SD)
Model 3: the independent variable is SBP (per 20 mmHg)/DBP (per 20 mmHg)

Table 3 Cox regression analyses for association between BP
level and stroke in population without antihypertensive
treatments (n = 3118) (Forward Stepwise)

Variable HR 95%CI P-Value

Model 1

BP level 0.047a

normal reference

elevated 0.90 0.32–2.54 0.844

stage1 0.98 0.46–2.05 0.947

stage2 1.90 1.01–3.58 0.047

Age 1.06 1.03–1.08 < 0.001

Current drinking 1.86 1.13–3.04 0.014

Model 2

SBP (per SD) 1.51 1.24–1.84 < 0.001

Age 1.05 1.03–1.08 < 0.001

Current drinking 1.88 1.15–3.08 0.012

Model 3

SBP (per 20 mmHg) 1.46 1.21–1.76 < 0.001

Age 1.05 1.03–1.07 < 0.001

Current drinking 1.88 1.15–3.08 0.012

Abbreviations: HR Hazard Ratios, CI confidence interval
All the variables included in the analysis start including age, sex, ethnicity,
education level, current smoking, current drinking, BMI, labor strength,
dyslipidemia, diabetes, atrial fibrillation, coronary heart disease and
antihypertensive medication
arepresent the correct global p-value for the BP categorical variable included
in the Cox model
Model 1: the independent variable is BP level
Model 2: the independent variable is SBP (per SD)/DBP (per SD)
Model 3: the independent variable is SBP (per 20 mmHg)/DBP (per 20 mmHg)
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bias. Secondly, the relatively small number of stroke
events meant that we had limited statistical power to de-
tect the weak relationship between BP and stroke.
Thirdly, our study cannot adjust for family history of
CVD as we don’t collect this information in the baseline.
Finally, the study sample only included rural adults in
Liaoning province, we hope that it can be verified in lar-
ger population and more representative groups in the
future.

Conclusion
In conclusion, the stage 2 hypertension based on 2017
ACC/AHA guideline significantly increases the hazard of
stroke incidence, but this association was not observed
between elevated, stage1 hypertension and stroke inci-
dence. Our study provides significant evidence of a link
between the new guidelines’ BP level and the hazard of
stroke incidence, and provides foundational data for fu-
ture related studies, which are indispensable if applica-
tion of the 2017 ACC/AHA hypertension guideline is to
be considered in rural China even in China.

List of abbreviations
ACC/AHA: The American College of Cardiology / American Heart Association;
ARIC: Atherosclerosis risk in communities; BMI: Body mass index; BP: Blood
pressure; CHD: Coronary heart disease; CI: Confidence interval;
CVD: Cardiovascular disease; DBP: Diastolic blood pressure; FPG: Fasting
blood glucose; HDL-C: High density lipoprotein cholesterol; HR: Hazard ratio;
LDL-C: Low-density lipoprotein cholesterol; NHANES: The national health and
nutrition survey; SBP: Systolic blood pressure; TC: Total cholesterol;
TG: Triglyceride; TIA: Transient ischemic attacks

Acknowledgments
The authors thank the staff and participants of the NCRCH Study for
important contributions and Jennifer ‘s help in the language revision of the
paper.

Authors’ contributions
YX drafted the manuscript. MM contributed to the statistical analysis. ZL, XG,
GS, ZS and JZ took responsible for revising the manuscript critically for
important intellectual content. YS and LZ were involved in supervisory role
in study design. All authors have read and approved the final manuscript.

Funding
This research was partly supported by funds from National Nature Science
Foundation of China (No. 81773510) (design of the study and data
collection), Nature Science Foundation of Liaoning Province (No.
20170541048) (design of the study and data collection), National Key R&D
Program of China (Grant #2017YFC1307600) (analysis, and interpretation of
data and write the manuscript), and Science and Technology Program of
Shenyang, China (Grant #17–230–9-06) (analysis, and interpretation of data
write the manuscript).

Availability of data and materials
The datasets generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Ethics approval and consent to participate
The China Medical University Ethics Committee had approved the study plan
and received the written informed consent from all patients or their
guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Clinical Epidemiology, Library, Department of Health Policy
and Hospital Management, Shengjing Hospital of China Medical University,
Shenyang 110004, People’s Republic of China. 2Department of Cardiology,
Zhuhai People’s Hospital, Zhuhai Hospital Affiliated with Jinan University,
Zhuhai 519000, People’s Republic of China. 3Department of Cardiology, the
First Affiliated Hospital of China Medical University, Shenyang 110001,
People’s Republic of China. 4Department of Cardiology, Shengjing Hospital of
China Medical University, Shenyang 110004, People’s Republic of China.

Received: 19 June 2018 Accepted: 13 September 2019

References
1. Egan BM, Li J, Hutchison FN, Ferdinand KC. Hypertension in the United

States, 1999 to 2012: progress toward healthy people 2020 goals.
Circulation. 2014;130(19):1692–9.

2. Ford ES. Trends in mortality from all causes and cardiovascular disease
among hypertensive and non-hypertensive adults in the United States.
Circulation. 2011;123(16):1737–44.

3. Cheng S, Claggett B, Correia AW, Shah AM, Gupta DK, Skali H, et al.
Temporal trends in the population attributable risk for cardiovascular
disease: the atherosclerosis risk in communities study. Circulation. 2014;
130(10):820–8.

Fig. 2 Incidence rate of stroke (per 100,000 person-years) in different BP level between women and men. Abbreviation: the digital on top of the
bars represent the number of stroke events

Xie et al. BMC Cardiovascular Disorders          (2019) 19:258 Page 7 of 8



4. He J, Gu D, Wu X, Reynolds K, Duan X, Yao C, et al. Major causes of death
among men and women in China. N Engl J Med. 2005;353(11):1124–34.

5. Zhao D, Liu J, Wang W, Zeng Z, Cheng J, Liu J, et al. Epidemiological
transition of stroke in China: twenty-one-year observational study from the
Sino-MONICA-Beijing project. Stroke. 2008;39(6):1668–74.

6. Wu Y, Huxley R, Li L, Anna V, Xie G, Yao C, et al. China NNHS steering
Committee; China NNHS working group. Prevalence, awareness, treatment,
and control of hypertension in China: data from the China National
Nutrition and health survey 2002. Circulation. 2008;118(25):2679–86.

7. Sun Z, Zheng L, Wei Y, Li J, Zhang X, Zhang X, et al. The prevalence of
prehypertension and hypertension among rural adults in Liaoning province
of China. Clin Cardiol. 2007;30(4):183–7.

8. Xu G, Liu X. Impacts of population aging on the subtypes of stroke. Stroke.
2008;39(7):104–5.

9. Zheng L, Sun Z, Li J, Zhang R, Zhang X, Liu S, et al. Pulse pressure and
mean arterial pressure in relation to ischemic stroke among patients with
uncontrolled hypertension in rural areas of China. Stroke. 2008;39(7):1932–7.

10. Pang W, Li Z, Sun Z, Zheng L, Zhang X, Xu C, et al. Prevalence of
hypertension and associated factors among older rural adults: results from
Liaoning Province, China. Med Princ Pract. 2010;19(1):22–7.

11. Zheng L, Li J, Sun Z, Yu JM, Zhang XZ, Zhang XG, et al. Differential control
of systolic and diastolic blood pressure: factors associated with lack of
blood pressure control in rural community of Liaoning Province. China J
Health Sci. 2007;53:209–14.

12. Tunstall-Pedoe H. For the WHO MONICA project principle investigators. The
World Health Organization MONICA project (monitoring of trends and
determinants in cardiovascular disease): a major international collaboration.
J Clin Epidemiol. 1988;41(2):105–14.

13. O'Brien E, Petrie J, Littler W, de Swiet M, Padfield PL, O'Malley K, et al. The
British hypertension society protocol for the evaluation of automated and
semi-automated blood pressure measuring devices with special reference
to ambulatory systems. J Hypertens. 1990;8(7):607–19.

14. Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA guideline for the prevention, detection,
evaluation, and management of high blood pressure in adults: a report of
the American College of Cardiology/American Heart Association task force
on clinical practice guidelines. J Am Coll Cardiol. 2018;71(19):e127–248.

15. Xie Y, Guo R, Li Z, Guo X, Sun G, Sun Z, et al. Temporal relationship
between body mass index and triglyceride-glucose index and its impact on
the incident of hypertension. Nutr Metab Cardiovasc Dis. 2019;29(11):1220-9.

16. Li Z, Bai Y, Guo X, Zheng L, Sun Y, Roselle AM, et al. Alcohol consumption
and cardiovascular diseases in rural China. Int J Cardiol. 2016;215:257–62.

17. Diabetes Canada Clinical Practice Guidelines Expert Committee,
Punthakee Z, Goldenberg R, Katz P. Definition, classification and
diagnosis of diabetes, Prediabetes and metabolic syndrome. Can J
Diabetes. 2018;42(Suppl 1):S10–5.

18. Li J, Bao W, Zhang T, Zhou Y, Yang H, Jia H, et al. Independent relationship
between serum ferritin levels and dyslipidemia in Chinese adults: a
population study. PLoS One. 2017;12(12):e0190310.

19. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR, Cheng S,
et al. Heart disease and stroke statistics—2018 update: a report from the
American Heart Association. Circulation. 2018;137(12):e67–e492.

20. Weiss J, Freeman M, Low A, Fu R, Kerfoot A, Paynter R, et al. Benefits and
harms of intensive blood pressure treatment in adults aged 60 years or older: a
systematic review and meta-analysis. Ann Intern Med. 2017;166(6):419–29.

21. Tang L, Xu T, Li H, Zhang M, Wang A, Tong W, et al. Hypertension, alcohol
drinking and stroke incidence: a population-based prospective cohort study
among inner Mongolians in China. J Hypertens. 2014;32(5):1091–6.

22. Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the
prevention of cardiovascular disease: meta-analysis of 147 randomised trials
in the context of expectations from prospective epidemiological studies.
BMJ. 2009;338:b1665.

23. Perkovic V, Rodgers A. Redefining blood-pressure targets: SPRINT starts the
marathon. N Engl J Med. 2015;373(22):2175–8.

24. Guo X, Zhang X, Zheng L, Guo L, Li Z, Yu S, et al. Prehypertension is not
associated with all-cause mortality: a systematic review and meta-analysis of
prospective studies. PLoS One. 2013;8(4):e61796.

25. Huang Y, Su L, Cai X, Mai W, Wang S, Hu Y, et al. Association of all-cause
and cardiovascular mortality with prehypertension: a meta-analysis. Am
Heart J. 2014;167(2):160–8.

26. Shen L, Ma H, Xiang MX, Wang JA. Meta-analysis of cohort studies of
baseline prehypertension and risk of coronary heart disease. Am J Cardiol.
2013;112(2):266–71.

27. Qi Y, Han X, Zhao D, Wang W, Wang M, Sun J, et al. Long-term cardiovascular
risk associated with stage 1 hypertension defined by the 2017 ACC/AHA
hypertension guideline. J Am Coll Cardiol. 2018;72(11):1201–10.

28. Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al. Status of
hypertension in China: results from the China hypertension survey, 2012-
2015. Circulation. 2018;137(22):2344–56.

29. Sun Z, Zheng L, Detrano R, Zhang X, Li J, Hu D, et al. An epidemiological
survey of stroke among rural Chinese adults results from the Liaoning
province. Int J Stroke. 2013;8(8):701–6.

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

Xie et al. BMC Cardiovascular Disorders          (2019) 19:258 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study population
	Stroke and BP level assessment
	BP measurement and definition
	Data collection and measurements at baseline
	Statistical analysis

	Results
	Baseline characteristics of the study population
	Multivariate cox regression analyses for BP and stroke
	Incidence rate of stroke

	Discussion
	Conclusion
	List of abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

