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Abstract
To examine the association between stage 1 hypertension (at baseline and longitudinal change) defined by the 2017 ACC/
AHA hypertension guidelines and risk of cardiovascular events in a Chinese Kailuan Cohort. A total of 97,126 active and
retired workers aged 18 to 98 years free of cardiovascular disease at baseline were followed for up to 10 years in the Chinese
Kailuan Cohort Study. Adjusted Cox proportional hazard models were used to estimate hazard ratios and 95% confidence
intervals of cardiovascular events among different blood pressure categories. Participants with stage 1 hypertension at
baseline accounted for 31.1% of the cohort. Compared with normal blood pressure (<120/80 mmHg), stage 1 hypertension
had a significantly higher risk of cardiovascular events, cerebral infarction and cerebral hemorrhage, and the hazard ratios
(95% confidence intervals) were 1.25 (1.11–1.40), 1.31 (1.13–1.52), and 1.45 (1.07–1.97), respectively. Over a four-year
period, 43.1% of participants maintained stage 1 hypertension. Compared with the decreased blood pressure from stage 1
hypertension to normal blood pressure, the maintained stage 1 hypertension had a significantly higher risk of cardiovascular
events and cerebral infarction, and the hazard ratios (95% confidence intervals) were 1.78 (1.16–2.72) and 1.94 (1.14–3.30),
respectively. People with stage 1 hypertension defined by the 2017 ACC/AHA hypertension guidelines have a relatively
high risk for cardiovascular events in northern China; they should be given appropriate antihypertensive interventions.
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Introduction

In 2015, the results from systolic blood pressure interven-
tion trial (SPRINT) demonstrated that lowering systolic
blood pressure (SBP) to less than 120 mmHg, compared
with less than 140 mmHg, resulted in significantly lower
rates of cardiovascular events and all-cause death [1].

Mainly based on such studies, the 2017 ACC/AHA
hypertension guidelines lowered the diagnostic criteria for
hypertension from 140/90 mmHg to 130/80 mmHg and
defined 130–139/80–89 mmHg as stage 1 hypertension [2].
People with that blood pressure (BP) range are recom-
mended to take drugs or undergo lifestyle interventions
based on their 10-year atherosclerotic cardiovascular dis-
ease risk.

Although the new American hypertension guidelines
have conveyed an important idea about early prevention,
their impact on health economics should not be ignored.
Taking China as an example, if the new American hyper-
tension guidelines are adopted, the prevalence of hyper-
tension will double among adults [3]. As a result, a heavy
economic burden caused by increased spending on BP
lowering will be placed on the Chinese government.
Therefore, it is necessary to study the association between
stage 1 hypertension and long-term cardiovascular risk
in China.
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Recently, the results from a Chinese multicenter cohort
study showed that the risk of cardiovascular events in
patients with stage 1 hypertension was 1.78 times higher
than those with normal BP (<120/80 mmHg). Compared
with those who maintained their BP < 130/80 mmHg for
15 years, the risk of cardiovascular events in those who
maintained stage 1 hypertension was also significantly
higher [4]. Another cohort study also found that among
Chinese Singaporeans aged 46–65 without cardiovascular
history, the risk of cardiovascular death was significantly
higher in those with stage 1 hypertension than those with
normal BP [5]. Both studies suggest that stage 1 hyper-
tension is a relatively high-risk group for cardiovascular
disease. The new American hypertension guidelines seem to
be applicable to the Chinese population, but more relevant
studies are needed to support this suggestion. Therefore, we
reassessed the association between stage 1 hypertension (at
baseline and longitudinal change) and the risk of cardio-
vascular events in the Kailuan cohort from northern China.

Methods

Study design and population

Detailed information on the Kailuan Study has been
described previously [6]. In brief, the Kailuan Study of
101,510 Chinese adults (81,110 men and 20,400 women)
aged 18–98 years was established when detailed informa-
tion on health status and lifestyle was collected in
2006–2007. Participants are seen every two years to update
information on potential risk factors and ascertain newly
diagnosed disease.

In the first analysis, we enrolled 100,831 active and
retired workers who participated in the 2006–2007 health
examination and had complete BP data. Then, we excluded
participants with a history of myocardial infarction (n=
1361), stroke (n= 2016), and cancer (n= 328). A total of
97 126 individuals (77,329 men and 19,797 women) were
included in the statistical analysis for the association
between baseline BP and cardiovascular events (Fig. 1).

In the second analysis, we enrolled 21,428 active and
retired workers who had a baseline BP of 130–139/80–89
mmHg and obtained another BP measurement from the
97,126 participants above at the 2010–2011 health exam-
ination. Then, we further excluded participants with a his-
tory of myocardial infarction (n= 160), stroke (n= 300)
and cancer (n= 46) before the 2010–2011 health exam-
ination. A total of 20,922 individuals (16,480 men and 4442
women) were included in the statistical analysis for the
association between longitudinal change in BP and risk of
cardiovascular events among patients with stage 1 hyper-
tension at baseline (Fig. 2).

The study was performed according to the guidelines
of the Helsinki Declaration and was approved jointly by the
Ethics Committee of the Kailuan General Hospital and
Hebei Medical University. Written informed consent was
obtained from all participants.

Assessment of BP

BP was measured by trained research staff in the morning
between 7:00 and 9:00 in the physical examination center of
the Kailuan General Hospital. Smoking or drinking tea or
coffee was not allowed within 30 min before the measure-
ment of BP. Participants were asked to rest for 15 min in a
seated position. Then, a calibrated mercury sphygmoman-
ometer was used to measure the BP of the left arm with a
cuff of appropriate size following the standard recom-
mended procedures. The reading was accurate to 2 mmHg.
BP was measured twice with a 5-minute interval. The mean
value of two readings was taken. If the difference between
the two readings exceeded 5 mmHg, a third measurement
was required, and the mean of the three measurements was
taken as the final BP value.

Assessment of covariates

Height and weight were measured by a corrected body mass
scale (RGZ-120). The readings were accurate to 0.1 cm and
0.1 kg, respectively. Body mass index (BMI) was calculated
as weight (kg)/height (m) [2].

Questionnaires were used to collect information about
demographic, socioeconomic, and medical data, including
age, sex, smoking status (“never and past”, “current, ≥1
cigarette/d”), alcohol drinking status (“never and past”,
“current, ≥ 1 time/d”), education level (“elementary school”,
“high school or above”), physical exercise (“none”, “occa-
sionally and frequently, ≥1 time/wk”), income level
(“ <1000 yuan/month” or “ ≥1000 yuan/month”) and use of
antihypertensive drugs (“yes” or “no”).

Blood samples were collected in EDTA tubes in the
morning between 7:00 and 9:00 after an overnight fasting
period. Then, the blood samples were centrifuged for 10min
at 3000 r/min at 25 °C within 30min after collection. All
biochemical variables, such as fasting blood glucose, total
cholesterol, high-sensitivity C-reactive protein and uric acid,
were measured by an autoanalyzer (Hitachi 747; Hitachi,
Tokyo, Japan) at the central laboratory of the Kailuan General
Hospital. The specific methods of measurement refer to the
published literature of our research group [7].

Follow-up and identification of events

Cardiovascular events included fatal or nonfatal myocardial
infarction, cerebral infarction and cerebral hemorrhage. If
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two or more events occurred, the first event was regarded as
the end point of observation. The first occurrence of myo-
cardial infarction, cerebral infarction or cerebral hemor-
rhage was defined as a cardiovascular event. All participants
were followed every 2 years. The time of 2006–2007 or
2010–2011 health examination was regarded as the begin-
ning of follow-up for the first or the second analysis. The
follow-up continued through December 31, 2016 or until
the occurrence of cardiovascular events or the date of death.
Outcome events were ascertained by the government health
care system. Then, the trained researchers further identified
outcome events by checking medical records from hospitals
every 6 months.

Diagnostic criteria

The 2007 ESC/ACCF/AHA/WHF universal definition of
myocardial infarction was adopted for the diagnosis of
myocardial infarction, including dynamic changes in

myocardial injury markers and the presence of any one of
the following three factors: (1) ischemic chest pain symp-
toms; (2) new ischemic electrocardiogram changes (ST-T
changes or new left bundle branch block) or new pathologic
Q wave formation; or (3) imaging evidence [8]. The diag-
nosis of cerebral infarction and cerebral hemorrhage was
mainly based on symptoms, signs and CT or MRI. The
specific diagnostic criteria refer to the 1989 WHO recom-
mendations on stroke prevention, diagnosis and therapy [9].

Statistical analyses

SAS software (Version 9.2, SAS Institute, Cary, NC) was
used for statistical analyses. All statistical tests were two-
sided, and P < 0.05 was considered statistically significant.
Continuous variables with a normal distribution were
expressed as the mean plus or minus standard deviation and
compared using one-way ANOVA. Due to the skewed
distribution of high-sensitivity C-reactive protein in our

A total of 101 510 active and retired workers 

participated in the 2006-2007 health examination 

679 participants were 

excluded because of 

incomplete blood pressure 
1 361 participants with history of 

myocardial infarction were 

excluded 2 016 participants with 

history of stroke were 

excluded 
328 participants with history of 

cancer were excluded  

97 126 participants were included in the statistical 

analysis for the association between baseline blood 

pressure and cardiovascular events  

All participants were followed every two years from 

the time of 2006-2007 examination until December 31, 

2016, or until the occurance of cardiovascular events 

(i.e., myocardial infarction, cerebral infarction, and 

cerebral hemorrhage) or the date of death

Myocardial infarction 

(N=1 318) 

Cerebral infarction 

(N=3 546) 

Cerebral hemorrhage 

(N=950) 

Cardiovascular events 

(N=5 550) 

Fig. 1 Flow chart for the
analysis of the association
between baseline blood pressure
and cardiovascular events. A
total of 101,510 active and
retired workers participated in
the 2006–2007 health
examination is a flow chart for
the analysis of the association
between baseline blood pressure
and cardiovascular events. A
total of 101,510 active and
retired workers participated in
the 2006–2007 health
examination. Excluding those
with incomplete blood pressure,
history of myocardial infarction,
stroke and cancer, 97,126
participants were included in the
statistical analysis. The
participants were followed until
December 31, 2016. A total of
1318 myocardial infarction
events, 3546 cerebral infarction
events, and 950 cerebral
hemorrhage events occurred
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study, logarithmic transformation was followed by
ANOVA. Categorical variables were described as percen-
tages and compared by the Chi-square test.

To evaluate the association between baseline BP and risk
of cardiovascular events, the 97,126 participants were divi-
ded into four groups according to baseline BP: the normal
BP group included participants with SBP < 120mm Hg and
diastolic blood pressure (DBP) < 80mm Hg; the elevated BP
group included participants with SBP 120–129mm Hg and
DBP < 80 mm Hg; the stage 1 hypertension group included
participants with SBP 130–139mmHg or DBP 80–89
mmHg; and the stage 2 hypertension group included parti-
cipants with SBP ≥ 140mm Hg or DBP ≥ 90mm Hg or
those taking antihypertensive medication. The normal BP

group was regarded as a reference. The hazard ratios (HRs)
and 95% confidence intervals (CIs) of cardiovascular events,
myocardial infarction, cerebral infarction and cerebral
hemorrhage associated with different baseline BP groups
were calculated using the Cox proportional hazard model
after adjustment for age, sex, smoking, alcohol drinking,
body mass index, exercise, education level, income level,
fasting blood glucose, total cholesterol, uric acid, and high-
sensitivity C-reactive protein.

The association between longitudinal changes in BP over
four years and risk of cardiovascular events was further
evaluated among patients with stage 1 hypertension at
baseline. The 20,922 participants were divided into four
groups according to the changes in BP from the 2006 to

97 126 participants with complete baseline blood pressure and 

without history of myocardial infarction, stroke, and cancer 

8 600 participants who did not 

participate in the 2010-2011 health 

examination were excluded

Of those, there were 30 198 participants with stage 1 

hypertension (130-139/ 80-89 mmHg) 

170 participants were excluded 

because of incomplete blood 

pressure in the 2010-2011 health 

examination 
160 participants who had 

myocardial infarction between the 

2006-2007 and 2010-2011 

examination were excluded 300 participants who had stroke 

between the 2006-2007 and 

2010-2011 examination were 

excluded 
46 participants who had cancer 

between the 2006-2007 and 

2010-2011 examination were 

excluded 

20 922 participants were included in the final statistical 

analysis for the association between longitudinal change in 

blood pressure and cardiovascular events among patients with 

stage 1 hypertension at baseline

Cardiovascular events 

(N=493) 

Myocardial infarction 

(N=117) 

Cerebral infarction 

(N=332) 

Cerebral hemorrhage 

(N=60) 

All participants were followed every two years from the time of 

2010-2011 examination until December 31, 2016, or until the 

occurance of cardiovascular events (i.e., myocardial infarction, 

cerebral infarction, and cerebral hemorrhage) or the date of 

death.

Fig. 2 Flow chart for the
analysis of the association
between changes of blood
pressure and cardiovascular
events. 97,126 participants with
complete baseline blood
pressure and without history of
myocardial infarction, stroke,
and cancer is a flow chart for the
analysis of the association
between longitudinal changes in
blood pressure and
cardiovascular events in people
with stage 1 hypertension.
Among 30,198 participants with
stage 1 hypertension at baseline,
we excluded those who did not
participate in the 2010–2011
health examination, those
without complete blood pressure
data at the 2010–2011
examination, and those who had
myocardial infarction, stroke or
cancer between the two
examinations. A total of 20,922
participants were included in the
statistical analysis. The
participants were followed from
the time of the 2010–2011
examination until December 31,
2016. A total of 117 myocardial
infarction events, 332 cerebral
infarction events, and 60
cerebral hemorrhage events
occurred
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2010 examination: BP-lowering group 1 (SBP/DBP:
130–139/80–89 mmHg in 2006 and <120/80 mmHg in
2010), BP-lowering group 2 (SBP/DBP: 130–139/80–
89 mmHg in 2006 and 120–129/ <80 mmHg in 2010),
invariant BP group (SBP/DBP: 130–139/80–89 mmHg in
2006 and 2010), and BP elevating group (SBP/DBP:
130–139/80–89 mmHg in 2006 and ≥140/90 mmHg, or
antihypertensive medication use in 2010). The HRs and
95% CIs of cardiovascular events, myocardial infarction,
cerebral infarction and cerebral hemorrhage associated with
the different BP change groups were calculated using the
Cox proportional hazard model after adjustment for the
above confounders, with BP-lowering group 1 as a refer-
ence. The HRs and 95% CIs of cardiovascular events per
10/5 mmHg increase in SBP/DBP from stage 1 hyperten-
sion during the first 4 years of follow-up were also calcu-
lated using Cox regression.

Sensitivity analyses were further performed by excluding
participants taking antihypertensive drugs.

Results

Baseline characteristics of different BP groups

Of the 97,126 participants, the mean age was 51, more than
three quarters were men (79.6%), and 31.1% had a BP
of 130–139/80–89 mmHg, which was defined as stage 1
hypertension by the new American hypertension guidelines.
Table 1 shows the baseline characteristics of the participants
according to BP groups. Participants in the higher BP
groups were older and were more likely to be men, to
exercise and have higher BMI, total cholesterol, fasting
blood glucose, C-reactive protein and uric acid levels
(P < 0.001 for all).

Incidence and HRs of cardiovascular events in
different baseline BP groups

A total of 5550, 1318, 3546 and 950 participants developed
cardiovascular events, myocardial infarction, cerebral
infarction and cerebral hemorrhage, respectively, after a
follow-up of 9.5 years from 2006–2007. The incidence of
all cardiovascular events increased with baseline BP.
Table 2 shows the HRs and 95% CIs for the association
between baseline BP and risk of cardiovascular events,
myocardial infarction, cerebral infarction and cerebral
hemorrhage. Compared with the normal BP group, the stage
1 hypertension group had a higher risk of cardiovascular
events, cerebral infarction and cerebral hemorrhage, and the
HRs (95% CIs) were 1.25 (1.11–1.40), 1.31 (1.13–1.52),
and 1.45 (1.07–1.97), respectively, after adjustment for age,
sex and other relative confounders. Regarding the risk of

myocardial infarction, there were no significant differences
between the stage 1 hypertension and normal BP groups.
The stage 2 hypertension group had a greater risk of car-
diovascular events, myocardial infarction, cerebral infarc-
tion and cerebral hemorrhage than the normal BP group,
and the HRs (95% CIs) were 2.30 (2.07–2.56), 1.66
(1.35–2.03), 2.44 (2.12–2.79) and 3.26 (2.47–4.31),
respectively. After further exclusion of 9598 participants
who were taking antihypertensive drugs, Cox regression
analysis was performed again. The results showed no
obvious changes.

Baseline characteristics of different groups of BP
change

Of the 20,922 participants with stage 1 hypertension at
baseline, the mean age was 48, and more than three quarters
were men (78.8%). Over a four-year period, 15.1% of
patients experienced a decrease in BP from stage 1 hyper-
tension to normal BP (BP-lowering group 1), 5.5%
experienced a decrease in BP from stage 1 hypertension to
elevated BP (BP-lowering group 2), 43.1% maintained
stage 1 hypertension (invariant BP group), and 36.3%
experienced an increase in BP from stage 1 hypertension to
stage 2 hypertension (BP elevating group). Supplementary
table 1 shows the baseline characteristics in different groups
of BP change. Participants in the BP-elevating group were
older, more likely to be men, to smoke, to drink alcohol and
have higher BMI, total cholesterol, fasting blood glucose,
C-reactive protein and uric acid levels (P < 0.001 for all).

Incidence and HRs (95% CIs) of cardiovascular
events in different groups of BP changes

A total of 493, 117, 332 and 60 participants with stage 1
hypertension at baseline developed cardiovascular events,
myocardial infarction, cerebral infarction and cerebral
hemorrhage, respectively, after a follow-up of 5.9 years
from 2010. The incidence of all cardiovascular events gra-
dually increased from the BP-lowering group to the BP-
elevating group. Table 3 shows the HRs and 95% CIs for
the association between BP changes from 2006 to 2010 and
the risk of cardiovascular events among patients with stage
1 hypertension at baseline. Compared with BP-lowering
group 1, the invariant BP group had a higher risk of car-
diovascular events and cerebral infarction, with HRs (95%
CIs) of 1.78 (1.16–2.72) and 1.94 (1.14–3.30). Regarding
the risk of myocardial infarction and cerebral hemorrhage,
there were no significant differences between the BP-
lowering group 1 and the invariant BP group. However, the
risk of cardiovascular events, cerebral infarction and cere-
bral hemorrhage in the BP-elevating group was significantly
higher than in the BP-lowering group 1, and the HRs
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(95% CIs) were 3.19 (2.11–4.82), 3.29 (1.96–5.51), and
15.7 (2.13–116), respectively. After further exclusion of
935 participants who were taking antihypertensive drugs,
the results did not change.

Each 10/5 mmHg increase in SBP/DBP from stage 1
hypertension during the first 4 years of follow-up
was associated with a higher risk of cardiovascular
events

Table 4 shows that each 10 mmHg increase in SBP from
2006 to 2010 was associated with a higher risk of cardio-
vascular events (HR: 1.17, 95% CI: 1.12–1.22), cerebral
infarction (HR: 1.17, 95% CI: 1.10–1.24) and cerebral
hemorrhage (HR: 1.27, 95% CI: 1.15–1.39) among parti-
cipants with stage 1 hypertension at baseline. At the same
time, it also showed that each 5 mmHg increase in DBP
from 2006 to 2010 was associated with a higher risk of
cardiovascular events (HR: 1.20, 95% CI: 1.14–1.26),
myocardial infarction (HR: 1.15, 95% CI: 1.03–1.27),

cerebral infarction (HR: 1.20, 95% CI: 1.13–1.27) and
cerebral hemorrhage (HR: 1.38, 95% CI: 1.22–1.56) among
participants with stage 1 hypertension. After further exclu-
sion of 935 participants taking antihypertensive drugs, each
10 mmHg increase in SBP was associated with a higher risk
of myocardial infarction (HR: 1.13, 95% CI: 1.01–1.27),
while the other results did not change obviously.

Discussion

In this study, we found that the incidence of all cardio-
vascular events presented an increasing trend with baseline
BP. After adjustment for related confounders, the risk of
cardiovascular events, cerebral infarction and cerebral
hemorrhage among participants with stage 1 hypertension
was significantly higher than among those with normal BP.

In the second analysis, we found that 36.3% of partici-
pants experienced an increase in BP from stage 1 hyper-
tension to stage 2 hypertension over a four-year period, and

Table 1 Baseline characteristics
in different BP groups

BP of 2006–2007 Normal BP
(N= 19,589)

Elevated BP
(N= 5509)

Stage 1 HT
(N= 30,198)

Stage 2 HT
(N= 41,830)

P-value

Age, years 45.7 ± 12.6 51.1 ± 13.4 49.9 ± 12.0 55.4 ± 11.5 <0.001

Men, n (%) 13,035 (66.5) 4308 (78.2) 24,412 (80.8) 35,574 (85.0) <0.001

SBP, mmHg 107 ± 8.12 123 ± 3.80 123 ± 8.08 148 ± 17.6 <0.001

DBP, mmHg 69.8 ± 5.82 74.1 ± 4.70 81.0 ± 3.24 92.7 ± 10.3 <0.001

BMI, kg/m2 23.5 ± 3.21 24.4 ± 3.27 24.8 ± 3.31 26.0 ± 3.48 <0.001

Income level, n (%) <0.001

<1000 yuan/ month 17,178 (90.2) 4854 (91.2) 27,341 (94.0) 37,965 (94.7)

≥1000 yuan/ month 1866 (9.8) 467 (8.8) 1753 (6.0) 2129 (5.3)

Education, n (%) <0.001

Elementary school 12,407 (65.1) 3976 (74.7) 23,630 (81.2) 34,704 (86.5)

High school or above 6643 (34.9) 1348 (25.3) 5482 (18.8) 5424 (13.5)

Exercise, n (%) <0.001

None 1864 (9.8) 472 (8.9) 2592 (8.9) 3228 (8.1)

Occasionally and
Frequently

17163 (90.2) 4838 (91.1) 26,475 (91.1) 36,787 (91.9)

Smoking, n (%) <0.001

Never and past 12,452 (64.7) 3201 (59.9) 19,086 (65.1) 27,338 (67.6)

Current 6802 (35.3) 2145 (40.1) 10243 (34.9) 13,120 (32.4)

Alcohol drinking, n (%) <0.001

Never and past 11,566 (60.1) 3076 (57.4) 18,233 (62.2) 26,222 (64.8)

Current 7685 (39.9) 2279 (42.6) 11101 (37.8) 14,258 (35.2)

Total
cholesterol, mmol/L

4.79 ± 1.01 4.93 ± 1.07 4.92 ± 1.13 5.04 ± 1.22 <0.001

LgCRP −0.18 ± 0.66 −0.13 ± 0.65 −0.16 ± 0.68 −0.02 ± 0.66 <0.001

Fasting blood
glucose, mmol/L

5.16 ± 1.36 5.38 ± 1.62 5.39 ± 1.54 5.68 ± 1.85 <0.001

Serm uric acid, μmol/L 277 ± 79.0 291 ± 81.5 285 ± 80.4 298 ± 87.6 <0.001

HT hypertension, BP blood pressure, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body
mass index, LgCRP logarithm of high-sensitivity C-reactive protein
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43.1% maintained stage 1 hypertension, while only 15.1%
experienced a decrease in BP from stage 1 hypertension to
normal BP. The incidence of all cardiovascular events
gradually increased from the BP-lowering group to the BP-
elevating group. After adjustment for related confounders,
the risk of cardiovascular events and cerebral infarction in
the invariant BP group (maintained stage 1 hypertension)
was significantly higher than in the BP-lowering group 1.
Furthermore, we also found that each 10/5 mmHg increase
in SBP/DBP from stage 1 hypertension was associated with
a higher risk of all cardiovascular events during the first 4
years of follow-up.

Similar to our study, the Linxian Cohort Study showed that
compared with stable BP of normotension ( < 120/80mmHg),
maintained prehypertension (120–139/80–89mmHg) and
having an increase in BP from normotension to pre-
hypertension both conferred a higher risk of cardiovascular
mortality among rural Chinese adults aged 40–69. It also
suggested that current BP targets could be revised [10]. The
multicenter cohort study, as mentioned before, showed that
the HR comparing stage 1 hypertension to normal BP for
cardiovascular incidence was 1.78 (95% CI 1.50–2.11).

Among patients with stage 1 hypertension at baseline, 21.5%
of patients maintained stage 1 hypertension over a 15-year
period, and they had a 2.28-fold higher risk for cardiovascular
disease (95% CI 1.28–4.06) compared with those who
maintained their BP < 130/80mmHg [4]. The above results
are consistent with ours. However, the age of the study
population was limited to 35–64 years, which could not
represent the whole population. Moreover, subgroup analysis
showed that stage 1 hypertension was not associated with a
higher risk of cardiovascular events among the population
aged > 60 years. This finding may be because the number of
people aged > 60 years was small (only 10%), resulting in
insufficient power. Our study also faced a similar problem.
The number of participants aged > 60 years accounted for
only 14% (the first analysis) and 8% (the second analysis) of
the total population, so we did not perform age-subgroup
analysis. However, further validation using a larger sample
size of older people is still needed.

A large sample cohort study from Singapore found that
stage 1 hypertension was associated with a higher risk of
cardiovascular mortality among those aged 46–65 years and
without a history of cardiovascular disease compared with

Table 2 Hazard ratios (HRs) and 95% confidence intervals (CIs) of cardiovascular events in different BP groups

BP of 2006–2007 Normal BP Elevated BP Stage 1 HT Stage 2 HT P for trend

Cardiovascular events

No. of cases 427 207 1135 3781

Incidence rate/1000 person-years 2.24 3.93 3.89 9.75

Modela Reference 1.19 (1.01–1.42)* 1.25 (1.11–1.40)‡ 2.30 (2.07–2.56)‡ <0.001

Modela,b Reference 1.18 (0.99–1.40) 1.22 (1.09–1.37)† 2.05 (1.84–2.29)‡ <0.001

Myocardial infarction

No. of cases 124 47 278 869

Incidence rate/1000 person-years 0.65 0.88 0.94 2.18

Modela Reference 0.86 (0.61–1.23) 1.04 (0.83–1.29) 1.66 (1.35–2.03)‡ <0.001

Modela,b Reference 0.85 (0.60–1.21) 1.01 (0.81–1.26) 1.50 (1.22–1.85)‡ <0.001

Cerebral infarction

No. of cases 254 138 724 2430

Incidence rate/1000 person-years 1.33 2.60 2.46 6.17

Modela Reference 1.32 (1.06–1.63)* 1.31 (1.13–1.52)‡ 2.44 (2.12–2.79)‡ <0.001

Modela,b Reference 1.30 (1.05–1.61)* 1.28 (1.11–1.49)† 2.18 (1.90–2.51)‡ <0.001

Cerebral hemorrhage

No. of cases 61 27 181 681

Incidence rate/1000 person-years 0.32 0.50 0.61 1.70

Modela Reference 1.28 (0.81–2.03) 1.45 (1.07–1.97)* 3.26 (2.47–4.31)‡ <0.001

Modela,b Reference 1.26 (0.80–2.00) 1.44 (1.06–1.94)* 2.83 (2.12–3.77)‡ <0.001

HT hypertension, BP blood pressure

Compared with reference group, *P < 0.05, †P < 0.01, or ‡P < 0.001
aAdjusted for age (yrs), sex, smoking (never and past, current, ≥1 cigarettes/d), alcohol drinking (never and past, current, ≥1 times/d), exercise
(none, occasionally or frequently, ≥1 times/wk), education level (elementary school, high school or above), income level (<1000 yuan/month
and ≥1000 yuan/month), body mass index, fasting blood glucose, total cholesterol, uric acid, and high-sensitivity C-reactive protein
bExcluding 9598 participants who were taking antihypertensive drugs
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normal BP (HR 1.40, 95% CI 1.01–1.94) [5]. However, the
study subjects were limited to the middle-aged and elderly
population, and the outcome events were only cardiovas-
cular deaths, so the significance of the results was limited.
Recently, a cohort study from America [11] and another
from Korea [12] also confirmed that young adults aged < 40
years with elevated BP, stage 1 hypertension and stage
2 hypertension, defined by the 2017 American hypertension
guidelines, had a significantly higher risk of cardiovascular
events compared with those with normal BP. The above
three studies had larger sample sizes and longer follow-up
times. However, they did not analyze the association
between longitudinal changes in BP and cardiovascular
events. Therefore, they could explain only why higher
baseline BP is associated with greater cardiovascular risk, a
conclusion that has been confirmed by previous studies.
However, together with our study, these studies could

suggest that stage 1 hypertension has a relatively high
cardiovascular risk.

In this study, we also found that, for the risk of myo-
cardial infarction, there were no significant differences
between stage 1 hypertension and normal BP. There were
also no significant differences between the invariant BP
group and BP-lowering group 1. In the Shanghai Women’s
Health Study, high normal BP (130–139/85–89 mmHg) was
also not associated with CHD mortality (HR 0.82, 95% CI
0.33–1.99). In contrast, it was associated with a 2.34 (95%
CI 1.32–4.12) times higher risk of stroke mortality com-
pared with normal BP (<120/80 mmHg) [13]. The results
from the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) showed that targeting SBP < 120 mmHg,
compared with <140 mmHg, did not reduce the risk of
myocardial infarction but could significantly reduce the risk
of stroke in patients with type 2 diabetes [14]. Therefore, it

Table 3 Hazard ratios (HRs) and 95% confidence intervals (CIs) of cardiovascular events in different groups of BP changes among patients with
stage 1 hypertension

Group of BP changes BP-lowering group 1
(N= 3 168)

BP-lowering group 2
(N= 1157)

Invariant BP group
(N= 9011)

BP elevating group
(N= 7 586)

P for trend

Cardiovascular events

No. of cases 30 15 152 296

Incidence rate/1000
person-years

1.59 2.20 2.84 6.74

Modela Reference 1.10 (0.57–2.13) 1.78 (1.16–2.72)† 3.19 (2.11–4.82)‡ <0.001

Modela,b Reference 1.10 (0.57–2.11) 1.77 (1.16–2.71)† 3.02 (1.99-4.58)‡ <0.001

Myocardial infarction

No. of cases 10 4 37 66

Incidence rate/1000
person-years

0.53 0.59 0.69 1.49

Modela Reference 0.97 (0.29–3.23) 1.21 (0.56–2.63) 1.98 (0.94–4.17) 0.05

Modela,b Reference 0.96 (0.29–3.21) 1.23 (0.57–2.67) 1.96 (0.92–4.16) 0.08

Cerebral infarction

No. of cases 19 9 105 199

Incidence rate/1000
person-years

1.00 1.32 1.96 4.50

Modela Reference 1.08 (0.48–2.46) 1.94 (1.14–3.30)* 3.29 (1.96–5.51)‡ <0.001

Modela,b Reference 1.08 (0.48–2.45) 1.92 (1.13–3.26)* 3.09 (1.84–5.20)‡ <0.001

Cerebral hemorrhage

No. of cases 2 3 11 44

Incidence rate/1000
person-years

0.11 0.44 0.20 0.99

Modela Reference 4.70 (0.42–52.1) 3.95 (0.51–30.7) 15.7 (2.13–116)† <0.001

Modela,b Reference 4.55 (0.41–50.5) 3.93 (0.51–30.6) 14.5 (1.96–107)† <0.001

BP blood pressure

Compared with reference group, *P < 0.05, †P < 0.01, or ‡P < 0.001
aAdjusted for age (yrs), sex, smoking (never and past, current, ≥1 cigarettes/d), alcohol drinking (never and past, current, ≥1 times/d), exercise
(none, occasionally or frequently, ≥1 times/wk), education level (elementary school, high school or above), income level (<1,000 yuan/month
and ≥1000 yuan/month), body mass index, fasting blood glucose, total cholesterol, uric acid, and high-sensitivity C-reactive protein
bExcluding 935 participants who were taking antihypertensive drugs
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can be inferred that compared with people at high risk of
myocardial infarction, lowering BP to < 120/80 mmHg
among those with stage 1 hypertension may confer a greater
benefit to those at high risk of stroke. However, we could
not ignore the fact that stroke is more common than cor-
onary heart disease in East Asia (including China).

However, compared with standard antihypertensive
therapy (targeting BP < 140/90 mmHg), intensive anti-
hypertensive therapy (targeting BP < 120/80 mmHg) may
lead to adverse events such as postural hypotension, syn-
cope, electrolyte disturbances, and acute kidney injury.
SPRINT and ACCORD found that the incidence of these
adverse events related to BP-lowering in the intensive
antihypertensive group was significantly higher than that in
the standard antihypertensive group [1, 14]; however, the
follow-up time of both studies was not long, and the results
still need to be further observed. As clinicians, it is
important to balance the relationship between cardiovas-
cular benefits and adverse events caused by BP-lowering.

Furthermore, our results showed that 36.3% of partici-
pants with stage 1 hypertension at baseline progressed
to stage 2 hypertension over a four-year period, and this
percentage may increase over time. Compared with the
BP-lowering group, they are more likely to be overweight

or obese, alcohol drinkers, and smokers and to have higher
blood lipid, glucose, uric acid, and C-reactive protein levels.
These characteristics have already been proven to be
important risk factors for developing hypertension [15–24].
Therefore, to a certain extent, the improvement of lifestyle,
such as limiting alcohol intake, stopping smoking, engaging
in moderate exercise, losing weight and consuming a low-
salt diet, may prevent BP from elevating and further reduce
cardiovascular risk. Additionally, it should become the main
target of intervention for patients with stage 1 hypertension
because only 2.0% of the general Chinese population
with stage 1 hypertension is recommended to take anti-
hypertensive drugs according to the estimated 10-year
atherosclerotic cardiovascular disease risk [25].

Limitations

Our study has some limitations. First, the BP of participants
was measured by mercury sphygmomanometers rather
than 24-hour ambulatory BP meters, which can provide
more accurate BP values. However, 24-hour ambulatory BP
measurement is not realistic in a large epidemiological
study because it is time-consuming and expensive. Second,
the participants were limited to active and retired workers
of the Kailuan group, of which male workers account for
more than three-quarters. This fact limits the extension
of our results. Third, in addition to BP, other factors such
as antihypertensive drugs (e.g., beta blockers, angiotensin
converting enzyme inhibitors) may also have an impact
on cardiovascular incidence, but the results did not
change obviously after an exclusion for those taking anti-
hypertensive drugs. Fourth, the follow-up time of this study
is not long, and the number of cases of myocardial infarc-
tion and cerebral hemorrhage, as well as the number of
participants in BP-lowering group 2, was not large enough,
which may cause the analysis to be underpowered. Fifth,
according to the 2017 ACC/AHA hypertension guidelines,
BP readings should be obtained on at least two occasions
to determine a person’s BP classification. However, we
obtained only the BP at one occasion, which may lead to a
misclassification bias.

Conclusions and Perspectives

Our study mainly found that stage 1 hypertension or
maintained stage 1 hypertension had a higher risk for
cardiovascular events than normal BP or decreased BP
from stage 1 hypertension to normal BP. Moreover, a
10/5 mmHg increase in SBP/DBP was associated with a
higher risk of all cardiovascular events among participants
with stage 1 hypertension at baseline. This finding suggests
that stage 1 hypertension has a relatively high cardiovas-
cular risk among the northern Chinese population. Such

Table 4 Hazard ratios (95% confidence intervals) of cardiovascular
events per 10/5 mmHg increase in SBP/DBP from 2006 to 2010
among participants with stage 1 hypertension at baseline

Outcome Per 10 mmHg
increase in SBP

Per 5 mmHg
increase in DBP

Cardiovascular events

Modela 1.17 (1.12–1.22)‡ 1.20 (1.14–1.26)‡

Modela,b 1.17 (1.11–1.23)‡ 1.20 (1.14–1.27)‡

Myocardial infarction

Modela 1.11 (0.99–1.24) 1.15 (1.03–1.27)*

Modela,b 1.13 (1.01–1.27)‡ 1.16 (1.04–1.29)‡

Cerebral infarction

Modela 1.17 (1.10–1.24)‡ 1.20 (1.13–1.27)‡

Modela,b 1.16 (1.09–1.24)‡ 1.20 (1.13–1.28)‡

Cerebral hemorrhage

Modela 1.27 (1.15–1.39)‡ 1.38 (1.22–1.56)‡

Modela,b 1.25 (1.12–1.39)‡ 1.35 (1.18–1.55)‡

SBP systolic blood pressure, DBP diastolic blood pressure

Compared with reference group, *P < 0.05, or ‡P < 0.001
aAdjusted for age (yrs), sex, smoking(never and past, current, ≥1
cigarettes/d), alcohol drinking(never and past, current, ≥1 times/d),
exercise (none, occasionally or frequently, ≥1 times/wk), education
level (elementary school, high school or above), income level (<1,000
yuan/month and ≥1000 yuan/month), body mass index, fasting blood
glucose, total cholesterol, uric acid, and high-sensitivity C-reactive
protein
bExcluding 935 participants who were taking antihypertensive drugs
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patients should be paid attention to and appropriately trea-
ted. Instead of a BP intervention trial, our study is only a
single-center cohort study mainly based on natural changes
in BP. Therefore, more multicenter and large-sample pro-
spective cohort studies and BP intervention trials targeting
the Chinese population are needed to compensate for the
deficiencies of our study.
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