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Strengths and limitations of this study

►► The prospective study had a relatively long follow-
up time of 20 years.

►► The study examined the association between high 
blood pressure and mortality from cardiovascular 
diseases (CVDs), which were hard outcomes.

►► Hypertension was defined by systolic blood pres-
sure or diastolic blood pressure at baseline while 
we failed to acquire blood pressure measurements 
during follow-up, which may underestimate the 
strength of the associations we observed.

►► Whether the effects of hypertension on CVDs mortal-
ity differ by baseline comorbidities including diabe-
tes or chronic kidney disease was not explored due 
to limited data.

►► The information of death was obtained from the 
Death Surveillance System, the participants lost to 
follow-up were hard to detect and may cause po-
tential bias.

Abstract
Objectives  The 2017 American College of Cardiology/
American Heart Association (ACC/AHA) hypertension 
guideline recommended 130/80 mm Hg as blood pressure 
(BP) target goals. However, the generalisability of this 
recommendation to populations at large with hypertension 
remains controversial. We assessed the association 
between BP and cardiovascular diseases (CVDs) mortality 
using a 20-year follow-up study among Chinese 
populations.
Design  Prospective cohort study.
Participants  7314 participants were followed up for a 
median of 20 years in Fangshan District, Beijing, China.
Methods  The primary outcome variable was death from 
cardiovascular causes. The adjusted HR for CVDs mortality 
associated with baseline BP was calculated using Cox 
regression analysis.
Results  We identified 350 deaths from CVDs (148 stroke, 
113 coronary heart disease and 89 other CVDs) during 
follow-up. Hypertension (defined by systolic BP (SBP)/
diastolic BP (DBP) ≥140/90 mm Hg) was significantly 
associated with mortality due to CVDs (HR=2.49, 95% 
CI=1.77 to 3.50) among people aged 35–59 years rather 
than people aged ≥60 years. In addition, there was no 
significant association between stage 1 hypertension 
defined by the 2017 ACC/AHA (SBP/DBP of 130–139/80-
89 mm Hg) and CVDs mortality when compared with SBP/
DBP of <120/80 in neither the participants aged <60 years 
(HR=0.90, 95% CI=0.54 to 1.50) nor participants aged 
≥60 years (HR=1.47, 95% CI=0.94 to 2.29).
Conclusion  The study revealed hypertension of SBP/
DBP≥140/90 mm Hg was an important risk factor of CVDs 
mortality, especially among people aged 35–59 years. 
However, stage 1 hypertension under the definition of 
2017 ACC/AHA was not associated with an increased 
risk of CVDs mortality. This study indicated that whether 
adopting the new hypertension definition needs further 
consideration in rural Chinese populations.

Introduction
Hypertension is the first risk factor of cardio-
vascular diseases (CVDs), accounted for 7.8 
million deaths and 148 million disability life 
years lost worldwide in 2015.1 It has been 
reported that hypertension affected nearly 

30% of the adult population in Western coun-
tries as well as in China.2 3

The management of high blood pressure 
is a public health priority with implications 
for the prevention of CVDs.4 5 However, 
the optimal blood pressure, particularly 
for systolic blood pressure (SBP) treat-
ment target is unclear worldwide. The 2017 
American College of Cardiology/American 
Heart Association (ACC/AHA) Guideline 
for the Prevention, Detection, Evaluation, 
and Management of High Blood Pressure 
in Adults recommended 130/80 mm Hg as 
blood pressure target goals.6 However, the 
definition of hypertension remains ≥140/90 
mm Hg in the European guideline.7

The Systolic Blood Pressure Intervention 
Trial (SPRINT) demonstrated intensive SBP 
lowering in adults without diabetes or stroke 
could result in significant decreases in cardio-
vascular events and all-cause mortality.8 A 
network meta-analysis conducted by Bundy 
et al also suggested that a more intensive 

http://bmjopen.bmj.com/
http://orcid.org/0000-0003-0162-5355
http://orcid.org/0000-0001-7916-3870
http://orcid.org/0000-0002-6990-0168
http://orcid.org/0000-0001-7252-5349
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-035190&domain=pdf&date_stamp=2020-02-25


2 Wang M, et al. BMJ Open 2020;10:e035190. doi:10.1136/bmjopen-2019-035190

Open access�

treatment target (eg, SBP of 120–124 mm Hg) showed 
improvement in the prevention of CVD complications 
and total mortality when compared with a standard SBP 
target (<140 mm Hg).9 However, the generalisability of 
SPRINT findings to populations at large with hyperten-
sion remains controversial.9–13 For example, a recent 
study showed that the treatment to achieve a target 
SBP of 110–139 mm Hg did not result in a lower rate 
of death than standard reduction to a target of 140–179 
mm Hg in patients with hypertension with intracerebral 
haemorrhage.12

Here, we aimed to assess the relative risk of CVDs 
mortality associated with different stages of hypertension 
according to 2017 ACC/AHA using a 20-year follow-up 
study in China, to further evaluate the generalisability of 
SPRINT findings and explore the target blood pressure 
levels among Chinese populations.

Methods
Study design
The participants for these analyses came from a 
community-based follow-up study for the prevention and 
treatment of hypertension, which is being conducted 
in Fangshan District, Beijing, China. Verbal informed 
consent was obtained from all participants.

Inclusion and exclusion of the participants
From January 1997 through June 1999, 8189 participants 
aged 35–97 years were enrolled. We excluded 669 indi-
viduals with CVDs at baseline. In addition, we dropped 
the participants if any of the key variables required in the 
analysis (blood pressure, height, weight, demographic 
variables or potential risk factors including smoking, 
alcohol consumption or high salt intake) were missing. 
Finally, a total of 7314 participants (3346 males and 3968 
females) were included in the analysis.

Outcomes variables
The primary outcome variable was death from CVDs. The 
information on death was continuously obtained from 
the Death Surveillance System in the Center for Disease 
Prevention and Control in Fangshan District. The date 
of death was ascertained from the record in the system. 
We determined survival times from the date participants 
investigated in the baseline survey through 31 December 
2017. Participants who were alive at the end of this period 
contributed with censored observations to the survival 
analyses of time to death. The causes of death were coded 
using the International Classification of Diseases, Ninth 
Revision codes from 1997 to 2001, and International Clas-
sification of Diseases, Tenth Revision codes from 2002 to 
2017.

Data collection
The primary exposure variables for these analyses included 
age at the enrolment and the blood pressure level at base-
line. Data on sociodemographic characteristics, lifestyles 

and medical history of the participants were collected by 
questionnaire interviews by trained staff members.

Participants were defined as never smokers, former 
smokers and current smokers. Information on alcohol 
consumption was obtained through asking the partici-
pants to describe their drinking status: never, light (<two 
drinks a day) or heavy (≥two drinks a day). Furthermore, 
the salt intake of the participants was assessed according 
to the question of what kind of taste they liked (salty taste, 
moderate or light taste).

Physical measurements included height, weight and 
blood pressure. Blood pressure levels were measured 
three times using a mercury sphygmomanometer by 
trained investigators. The mean of the three recorded 
measurements was included in the analysis.

Hypertension was defined as SBP ≥140 mm Hg, 
diastolic blood pressure (DBP) ≥90 mm Hg, self-reported 
antihypertensive medication in the past 2 weeks or a self 
-reported history of hypertension.3 In addition, according 
to the 2017 ACC/AHA guidelines, the participants were 
divided into four categories: normal blood pressure 
(SBP<120 mm Hg and DBP<80 mm Hg), elevated blood 
pressure (120 mm Hg≤SBP≤129 mm Hg and DBP<80 mm 
Hg), stage 1 hypertension (130 mm Hg≤SBP≤139 mm 
Hg or 80≤DBP≤89 mm Hg), and stage 2 hypertension 
(SBP≥140 mm Hg/DBP≥90 mm Hg or taking antihyper-
tensive medications).

Statistical analysis
Student’s t-test and χ2 tests were used to test the differ-
ences between different baseline hypertensive history 
groups for continuous variables and categorical variables, 
respectively.

Person-years for each participant were calculated as the 
duration from the survey date at baseline through death 
date or date lost to follow-up, whichever came first. The 
Cox proportional hazards regression model for CVDs 
death included baseline blood pressure level, age, sex, 
education level, body mass index, smoking status, alcohol 
use, dietary salt intake, antihypertensive medications and 
family history of hypertension. Participants were classified 
as two groups according to baseline hypertensive status, 
and non-hypertension (<140/90 mm Hg) was treated as 
the reference. To test for possible interactions between 
age and hypertension, we categorised age with cutoffs of 
60 years and hypertension as binary variables, and setting 
variable cross-product terms of hypertension (yes/no) 
with age (<60 and ≥60 years) in the model. Reference 
groups were SBP/DBP <140/90 mm Hg and age <60 
years. We also performed a subgroup analysis according 
to baseline blood pressure levels (SBP/DBP: <120/<80, 
120–129/<80, 130–139/80–89, 140–159/90–99 and 
≥160/≥100 mm Hg), where SBP/DBP of <120/<80 was 
treated as the reference group.

All analyses were performed using R software (V.3.5.1). 
All p values for the tests were two-sided and p values <0.05 
were considered as statistically significant.
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Table 1  Characteristics of the participants by hypertensive 
status at baseline

Patients with 
hypertension 
(n=2196)

Participants 
without 
hypertension 
(n=5118) P value

Age (years), n (%) <0.001

 � <60 1389 (63.25) 4143 (80.95)

 � ≥60 807 (36.75) 975 (19.05)

Sex, n (%) <0.001

 � Male 1002 (45.63) 2344 (45.80)

 � Female 1194 (54.37) 2774 (54.20)

Education, n (%) <0.001

 � Illiterate 805 (36.65) 1224 (23.91)

 � Primary 666 (30.33) 1692 (33.06)

 � Middle school 628 (28.60) 1917 (37.46)

 � High school 
and above

97 (4.42) 285 (5.57)

Tobacco smoking, n (%) <0.001

 � Non-smoking 1114 (50.73) 2819 (55.08)

 � Ex-smoking 202 (9.20) 234 (4.57)

 � Current 
smoking

880 (40.07) 2065 (40.35)

Alcohol consumption, n (%) <0.001

 � Non-drinking 1499 (68.26) 3575 (69.85)

 � Ex-drinking 510 (23.22) 1250 (24.42)

 � Current 
drinking

187 (8.52) 293 (5.73)

BMI (kg/m2), n (%) <0.001

 � BMI<18.5 48 (2.19) 91 (1.78)

 � 18.5≤BMI<23.9 956 (43.53) 2930 (57.25)

 � 24.0≤BMI<27.9 811 (36.93) 1752 (34.23)

 � BMI≥28.0 381 (17.35) 345 (6.74)

BMI, body mass index

Patient and public involvement
Patients or the public were not involved in the study.

Results
Of the 7314 participants (aged 50.65±11.8 years), the 
prevalence of hypertension was 30.02%. According to 
the 2017 ACC/AHA guideline, the prevalence of hyper-
tension was 58.96%. The proportion of people aged 60 
years and above was higher in patients with hyperten-
sion (36.75%) when compared with participants without 
hypertension (19.05%, p<0.001). In addition, patients 
with hypertension were less educated than participants 
without hypertension (p<0.001). Moreover, there were 
more participants with tobacco smoking (49.27% vs 
44.92%) and alcohol consumption (31.74% vs 30.15%) 
among patients with hypertension when compared with 
participants without hypertension. Furthermore, the 
percentage of obesity was higher among patients with 
hypertension when compared with participants without 
hypertension (p<0.001) (table 1).

During the median follow-up of 20 years, we have iden-
tified 609 deaths, of which 350 deaths were from CVDs 
(148 stroke, 113 coronary heart disease and 89 other 
CVDs). In the multivariable model adjusting for age, sex, 
educational level, smoking, alcohol consumption, dietary 
salt intake, body mass index (BMI), use of antihyper-
tensive medications and family history of hypertension, 
we detected statistically significant association between 
hypertension and mortality from CVDs (HR=1.35; 95% 
CI 1.08 to 1.69). In the subgroup analysis based on base-
line age, we found that, for people aged 35–59 years, 
patients with hypertension had a higher risk of mortality 
from CVDs when compared with those without hyperten-
sion (HR=2.49; 95% CI 1.77 to 3.50) (table 2). However, 
there was no significant association between hyperten-
sion and mortality due to CVDs among people aged 60 
years and over (p>0.05) (table 2). Thus, age may signifi-
cantly modify the association between hypertension and 
mortality from CVDs (p for interaction <0.001). We also 
assessed the association between hypertension and all-
cause, coronary heart disease and stroke mortality (online 
supplementary table 1).

Stratified analysis according to different baseline blood 
pressure showed that patients with hypertension with 
SBP/DBP of 140–159/90–99 and ≥160/100 mm Hg were 
more likely to die of CVDs (HR=1.44; 95% CI 1.02 to 
2.03; HR=1.74; 95% CI 1.22 to 2.48) when compared with 
participants with SBP/DBP of <120/80 mm Hg. However, 
we failed to detect significant associations between SBP/
DBP of 130–139/80–89 mm Hg (HR=1.18; 95% CI 0.85 
to 1.64, p=0.32) and 120–129/<80 mm Hg (HR=1.38; 
95% CI 0.93 to 2.05, p=0.11) and mortality from CVDs, 
respectively. Furthermore, among participants aged <60 
years at baseline, a similar trend was observed between 
hypertension and mortality due to CVDs, where HR was 
2.32 (p<0.001) for SBP/DBP of 140–159/90–99 mm Hg 
and 3.25 (p<0.001) for ≥160/100 mm Hg, respectively. 

However, there was no significant association between 
hypertension and mortality from CVDs with different 
baseline blood pressure levels for those aged ≥60 years (p 
for interaction <0.001) (table 3).

Discussion
The present 20-year prospective study filled the gaps 
for implying the generalisability of the 2017 ACC/AHA 
hypertension guideline to rural Chinese populations. 
The results showed there was no significant association 
between stage 1 hypertension defined by the 2017 ACC/
AHA and CVDs mortality when compared with SBP/
DBP of <120/80 mm Hg. In addition, we detected high 
blood pressure was associated with higher mortality from 
CVDs among people aged 35–59 years rather than those 
aged 60 years and over. The findings may contribute to 
the optimal management of hypertension to address the 
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Table 2  MultivariableHRs of mortality from CVDs according 
to baseline history of hypertension

CVDs mortality

N Deaths
Adjusted HR
(95% CI) P value

Total

Baseline hypertension status

 � No 5118 189 Reference

 � Yes 2196 161 1.35 (1.08 to 1.69) 0.01

Age <60 years

Baseline hypertension status

 � No 4143 80 Reference

 � Yes 1389 64 2.49 (1.77 to 3.50) <0.001

Age ≥60 years

Baseline hypertension status

 � No 975 109 Reference

 � Yes 807 97 1.01 (0.76 to 1.33) 0.96

CVDs, cardiovascular diseases.

Table 3  Multivariable HRs of mortality from CVDs 
according to baseline blood pressure levels

CVDs mortality

N Deaths
Adjusted HR
(95% CI) P value

Total

 � <120/80 mm Hg 2132 61 Reference

 � 120–129/<80 
mm Hg

920 43 1.38 (0.93 to 2.05) 0.11

 � 130–139/80–89 
mm Hg

2180 91 1.18 (0.85 to 1.64) 0.32

 � 140–159/90–99 
mm Hg

1239 80 1.44 (1.02 to 2.03) 0.04

 � ≥160/100 mm 
Hg

843 75 1.74 (1.22 to 2.48) <0.01

Age <60 years

 � <120/80 mm Hg 1813 32 Reference

 � 120–129/<80 
mm Hg

727 21 1.46 (0.84 to 2.55) 0.18

 � 130–139/80–89 
mm Hg

1691 29 0.90 (0.54 to 1.50) 0.70

 � 140–159/90–99 
mm Hg

818 34 2.31 (1.41 to 3.79) <0.001

 � ≥160/100 mm 
Hg

483 28 3.25 (1.92 to 5.50) <0.001

Age≥60 years

 � <120/80 mm Hg 319 29 Reference

 � 120–129/<80 
mm Hg

193 22 1.28 (0.74 to 2.24) 0.38

 � 130–139/80–89 
mm Hg

489 62 1.47 (0.94 to 2.29) 0.09

 � 140–159/90–99 
mm Hg

421 46 1.16 (0.72 to 1.85) 0.55

 � ≥160/100 mm 
Hg

360 47 1.41 (0.88 to 2.26) 0.16

CVDs, cardiovascular diseases.

growing burden of CVDs morbidity and mortality among 
rural Chinese populations, suggesting a large implication 
both to clinicians and public health practitioners.

In the current study, we first examined the association 
between hypertension of ≥140/90 mm Hg and mortality 
from CVDs. The result showed a higher risk of mortality 
from CVDs in patients with hypertension when compared 
with participants without hypertension (HR=1.35), which 
was comparable with previous studies.4 14–16

Furthermore, the stratified analysis according to age 
groups showed that the associations between hyperten-
sion and CVDs mortality were stronger among partic-
ipants aged 35–59 years than those aged 60 years and 
above. A previous study also showed the association was 
significant in the age groups of 35–44 and 45–59 years 
rather than in the group of ≥60 years.12 Besides, a study 
based on pooling data from seven diverse US cohort 
studies showed that individuals who experienced blood 
pressure increases prior to middle age have associated 
higher remaining lifetime risk for CVDs when compared 
with those who had developed hypertension later in 
age 55 years.17 Similarly, a previous meta-analysis of 13 
prospective cohort studies involving 396 200 participants 
showed that prehypertension was not associated with 
CVDs risk among older populations with age ≥60 years.18 
It is reported that the cardiovascular risk for patients with 
hypertension decreased as the age of onset increased 
from 40 to 69 years.19 Possible explanations for the age-
specific association between hypertension and mortality 
from CVDs needs further studies to explore. In addition, 
it is important to consider the influence of age in the 
diagnosis of hypertension.

In clinical practice, the staging of hypertension defined 
by SBP and DBP corresponds with the graded increased 
risk of cardiovascular disease and events and is in relation 

to pathophysiological mechanisms, prognostic implica-
tions and therapeutic approaches.20–22 For example, the 
initiation of pharmacological therapy is recommended 
for adults with stage 2 hypertension.22 ACC/AHA Task 
Force on Clinical Practice Guidelines released the 2017 
hypertension guideline, which defined SBP of 130–139 
mm Hg or DBP of 80–89 mm Hg as stage 1 hypertension 
supported by the evidence from SPRINT.6 8 Based on 
the new criterion, the prevalence of hypertension would 
increase substantially in many countries.23–25 Although 
intensive blood pressure control was beneficial to cardio-
vascular events and total mortality, it was associated 
with an increased number of newly diagnosed patients 
with hypertension who may not develop CVD events 
in the future.23 In particular, with a large ageing popu-
lation, there was a high prevalence of hypertension in 
China.26–28 It is estimated that 2.33 million cardiovascular 
deaths were attributable to increased blood pressure in 
China.14 Furthermore, contrary to western countries that 
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CVD mortality has decreased significantly during the 
past years, CVD mortality has increased during the same 
period in China.3 15 Thus, whether the results of SPRINT 
apply to rural Chinese populations is a critical question to 
answer among Chinese populations.

In the current analysis by different blood pressure levels 
at baseline, the HR of CVDs mortality related to stage 1 
hypertension defined by the 2017 ACC/AHA hyperten-
sion guideline (130–139/80–89 mm Hg) was not statisti-
cally higher than that related to SBP/DBP of <120/<80 
mm Hg. Previous studies have demonstrated diagnosed 
patients with hypertension tended to prescribe antihy-
pertensive medications despite the lifestyle modifications 
management suggestions,18 29 which may increase adverse 
effects caused by antihypertension treatment among the 
newly diagnosed patients such as acute kidney injury, 
acute renal failure, hypotension, syncope or electrolyte 
abnormality.13 30 In addition, the higher hypertension 
diagnosis costs due to treatment is another important 
issue.30 31 Since there was a lack of awareness, adherence 
to hypertension guidelines as well as access to antihyper-
tensive drugs in China, the health and cost-effectiveness 
of the new diagnostic criteria for hypertension should 
be evaluated further. The results in our study may help 
address the current evidence gaps about whether the 
2017 ACC/AHA guideline could be applied to popula-
tions in rural China.

The 20-year prospective study included a relatively 
large sample size examining the association between high 
blood pressure and mortality from CVDs in rural China. 
The CVDs deaths in the current study were comparable 
with several previous studies in China.13 32 A previous study 
suggested a north-south gradient in the mortality of CVDs 
due to the difference in the prevalence of hypertension 
in China.33 Furthermore, the Sino-Monitoring Trends and 
Determinants in Cardiovascular Disease (Sino-MONICA) 
study showed that the number of deaths caused by stroke 
was larger than that caused by coronary heart disease.34 In 
addition, 73% of the stroke burden could be attributed 
to hypertension in China, and the prevalence of hyper-
tension in stroke survivors in China was relatively high 
when compared with other countries.35 Besides, most of 
the stroke deaths (64.3%) were attributable to ischaemic 
stroke in the current study. Previous studies indicate that 
atrial fibrillation is the most common cause of ischaemic 
stroke and an increased risk of stroke was observed in 
patients with hypertension with atrial fibrillation,36–39 
which may be another reason for the larger number of 
stroke deaths compared with coronary heart disease. 
Further studies are needed to explore the role of atrial 
fibrillation in the association between hypertension and 
stroke mortality to confirm our findings. Fangshan District 
is located in the ‘stroke belt’ of China.40 Thus, the study 
is important to elucidate the association between stage 1 
hypertension defined by the 2017 ACC/AHA hyperten-
sion guideline and cardiovascular deaths in rural China.

Limitations of the study
Nevertheless, the study has several limitations. First, 
we cannot exclude the influence of some potential 
confounding factors despite the fact that we conducted 
the analysis with careful adjustment. In particular, the 
definition of smoking, alcohol consumption, salt intake 
and the use of antihypertensive drugs was relatively 
simple due to limited information in the baseline ques-
tionnaire. Second, hypertension was defined by SBP/
DBP at baseline while we failed to acquire blood pressure 
measurements during follow-up, which may underesti-
mate the strength of the associations we observed. Next, 
we had an insufficient sample size to explore whether the 
effects of hypertension on CVDs mortality differ by base-
line comorbidities including diabetes or chronic kidney 
disease. In addition, information of death was obtained 
from the Death Surveillance System, the participants lost 
to follow-up were hard to detect and may cause poten-
tial bias. Therefore, further studies with a larger sample 
size are needed to validate the results in the study. More 
importantly, our study only included participants in rural 
China, which might limit the generalisability of the results 
to other populations with different socioeconomic status, 
environmental exposures or genetic background.

Conclusion
In conclusion, the current study revealed hypertension of 
≥140/90 mm Hg was an important risk factor of CVDs 
mortality, especially among people aged 35–59 years. 
However, stage 1 hypertension under the definition of 
2017 ACC/AHA was not associated with an increased risk 
of CVDs mortality. This study indicated that adopting the 
new hypertension definition needs further consideration 
among rural Chinese populations.
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