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Abstract

Objective To investigate the association between blood pressure and all-cause mortality in Shanxi,
China.

Methods The 2002 China Nutrition and Health Survey’ baseline data in Shanxi province was used. A
retrospective investigation was performed in 2015. The effects of SBP and DBP on the all-cause
mortality were analyzed using the Cox regression model. The hazard ratio (HR) and 95% confidence
interval (C/) were estimated by the sex and age groups.

Results The follow-up rate was 76.52% over 13 years, while the cumulative mortality rate for all
participants was 917.12/100,000 person-years. The mortality rose with an increasing SBP (thrend =
270.537, P < 0.001) or DBP level (th,end = 57.240, P < 0.001). After adjustment for the confounding
factors, a significant association between mortality and high SBP (> 160 mmHg) and high DBP
(2 100 mmHg), with adjusted HR ranging from 1.405- to 2.179-fold for SBP and 1.550- to 2.854-fold for
DBP, was noted. Significant HRs for most DBP subgroups were found in > 60-year-old participants. Males
with DBP > 100 mmHg had a significantly higher mortality, with an HR (95% Cl) of 2.715 (1.377-5.351).

Conclusion Adults with SBP > 160 mmHg and DBP > 100 mmHg had a higher mortality risk. Sex and age
difference was noted in both DBP and mortality risk.
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INTRODUCTION

and, at the same time, a preventable

cause of mortality for cardiovascular,
cerebrovascular, and coronary heart diseases, which
account for a large percentage of the global
burden™?, Worldwide, in 2017, the prevalence of
hypertension was 25.69% for male and 24.69% for
female. From 2006 to 2016, the number of deaths
attributed to metabolic risk factors, including high
blood pressure, changed from 14.8 million to 17.5
million, with a 17.9% increase. Similar changes were
observed for DALYs. High blood pressure was the
second leading risk factor for men and the leading
risk factor for women in 2016, In China, high
systolic blood pressure ranks as the top 1 risk factor
for both number of deaths and percentage of DALYs
in2017".

So far, the relationship between blood pressure
and all-cause mortality remains controversial. The
Copenhagen City Heart Study showed that total
mortality was increased only in the higher quintiles
of SBP. Another study from China reported that
lower (< 100 mmHg) or higher (> 120 mmHg) SBP
was associated with an increased all-cause mortality
risk but may differ by sex”. A population-based
cohort study, which only included women, also
indicated the positive correlation between SBP and
all-cause mortality[(’]. However, a pooled prospective
cohort analysis showed an association between
stage 1 hypertension (SBP/DBP 130-139/80-
89 mmHg) and increased cardiovascular mortality
but not all-cause mortalitym.

The blood pressure of adults aged 18-59 in
Shanxi had increased substantially, with an SBP/DBP
increase from 122.7 mmHg/72.7 mmHg in 2002 to
132.8 mmHg/78.8 mmHg in 2015, respectively[gl.
There is a tremendous need to study the association
between blood pressure and all-cause mortality
among Chinese adults, considering that hypertension
in different countries has different risk factors,
including genetic factors, life behavior factors, etc.
Therefore, in this study, we investigate the potential
risk of blood pressure on all-cause mortality, using
data from the Shanxi cohort study, a large
population-based study over 13 years.

I I ypertension is a common chronic disease

METHODS

Study Population

This cohort study, which was launched in 2002,

was a subset of China Nutrition and Health Survey. It
had six survey points in Shanxi province (Tianzhen
County of Datong City, Qifu District and Wuzhai
County of Qizhou City, Heshun County of Jinzhong
City, Linyi County of Yuncheng city, and Yangcheng
County of Jincheng City). In 2002, the total number
of subjects (age > 18) with complete information was
6,986. A follow-up survey was conducted between
December 2015 and March 2016.

Data Collection Methods

A retrospective investigation was performed to
collect the related information on the cause of
death, including the valid identity number, the date
of death, the place of death, the diagnosis of the
major diseases of death, the highest diagnostic unit
and basis for premortem diseases, records of death
investigations, underlying causes of death, etc.,
which is coded according to the International
Classification of Diseases (ICD-10).

Numerous measures have been taken in ensuring
the quality of the investigation. Before the follow-up,
the monitoring experts of Chinese CDC and Shanxi
CDC conducted two unified trainings and
assessments  of  investigators. = During the
investigation process, designated personnel were
responsible for checking and double checking of the
questionnaire.  After the investigation was
completed, each death record was reviewed by the
Chinese CDC experts, followed by judgment and
confirmation of the final cause of death. The
unapproved death records were returned to the
local area, and the investigators re-entered into the
home or made a call for information verification and
supplementary collection.

Definition of Hypertension and Related Covariates

Hypertension is defined as systolic pressure
> 140 mmHg and/or diastolic pressure > 90 mmHg
and/or taking antihypertensive drugs in the past 2
weeks. Baseline covariates, including age, education,
occupation, marital status, alcohol, drinking, physical
activity, and body mass index, were selected to avoid
potential confounding in the association between
both hypertension and total mortality. Smoking was
dichotomized into current smokers and nonsmokers.
Drinking was divided into four categories: no
drinking, drinking 1-2 times a week, drinking 3-4
times a week, and drinking > 5 times a week.
Exercise was dichotomized into exercise and no
exercise. Education was grouped into three
categories: < 9 years of schooling (junior high school
or lower); 10-12 years of schooling (high school);
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and > 13 years of schooling (junior college or higher).
Occupation was categorized as manual occupation,
nonmanual occupation, and others. Marital status
was dichotomized into (1) unmarried, including
single, widowed, or separated, and (2) married.

Statistical Analysis

Continuous variables were expressed as mean +
SD. The means and frequencies between two groups
were compared using t-test and x’-test. A two-tailed
P-value < 0.05 was considered statistically
significant. All participants were classified into five
groups on the basis of different levels of SBP/DBP
(mmHg) (for SBP, < 120 mmHg, 120-139 mmHg,
140-159 mmHg, 160-179 mmHg, and > 180 mmHg;
for DBP, < 80 mmHg, 80-89 mmHg, 90-99 mmHg,
100-109 mmHg, and > 100 mmHg), with < 120 mmHg
SBP and < 80 mmHg DBP as the reference group. Cox
proportional hazards model was used to estimate
the relation between levels of SBP and DBP and all-
cause mortality. Unadjusted and adjusted hazard
ratios (HRs) and their 95% confidence intervals (Cl)
were calculated. SAS software package (version 9.4,
SAS Institute Inc., Carey, NC, USA) was used for all
analyses.

RESULTS

A total of 5,346 participants, including 2,567
male and 2,779 female, were recruited and followed
up until March 2016. The follow-up rate was 76.52%.
The mean ages of the follow-up and the lost for
males and for females at baseline were 45.9 + 14.0
years and 44.2 + 14.8 years and 44.0 = 13.5 years
and 38.0 + 14.4 years, respectively. The mean
SBP/DBP levels of the follow-up participants were
124.9 + 16.4 mmHg and 79.1 + 10.3 mmHg for males
and 123.3 + 19.6 mmHg and 77.2 + 10.5 mmHg for
females at baseline. The mean SBP/DBP levels of the
lost participants were 125.0 £ 16.2 mmHg and 78.4
9.2 mmHg for males and 121.6 + 18.6 mmHg and
76.5 + 10.0 mmHg for females. As regards the blood
pressure, no significant difference was noted
between the follow-up and the lost (P > 0.05), except
the SBP level of females (P < 0.05). Table 1 lists the
other basic characteristics of those followed up and
the lost. The difference in age, marital status, and
alcohol intake was significant for males between
those followed up and the lost. The difference in
age, height, mean SBP, marital status, year of
education, and occupation was significant for
females between those followed up and the lost.
Moreover, Supplementary Table S1 (available in

www.besjournal.com) shows the demographic
characteristics of the study populations stratified by
baseline SBP.

Participants were followed up for 66948.6
person-years. A total of 614 (364 male and 250
female) all-cause death events occurred during the
follow-up, among whom were 229 cases < 60 years
of age and 385 > 60 years. The crude all-cause
mortality rates (95% Cl) were 1149.79
(1037.54-1274.19) per 100,000 person-years for
males and 708.40 (625.81-801.89) for females.
And the crude all-cause mortality rates (95% CI)
were 397.62 (349.31-452.60) for persons < 60
years of age and 4115.21 (3724.00-4547.51) for
those > 60 years. Table 2 shows the number of
deaths and cumulative mortality rates reported for
all-cause mortality by gender and age. Significant
differences of all-cause mortality were observed
between male and female (x° = 35.779, P < 0.001)
and < 60-year-old and > 60-year-old participants
(X’ = 1223.965, P < 0.001).

Figure 1 and Supplementary Table S2 (available
in www.besjournal.com) shows the cumulative all-
cause mortality rates at different SBP/DBP levels.
The gender analysis showed that participants with
SBP < 120 mmHg/DBP < 80 mmHg had the lowest
cumulative mortality rate, with 596.1/100,000 and
935.2/100,000 for male and 297.3/100,000 and
499.0/100,000 for female, respectively. The
cumulative mortality rate rose with the increasing
SBP or DBP pressure (x’yeng = 270.537, P < 0.001 for
SBP; X’yrend = 57.240, P < 0.001 for DBP). After being
stratified by age and gender, the trends that
cumulative all-cause mortality rose with blood
pressure still existed. However, the cumulative all-
cause mortality rate of > 60-year-old participants
had an obvious decline at 100-119 mmHg in the DBP
group. With the same blood pressure, the
cumulative all-cause mortality rate for > 60-year-old
participants was higher than those < 60-year-old. As
regards gender, no significant difference was
recorded between male and female with SBP
> 160 mmHg and DBP 2 90 mmHg.

Finally, a Cox proportional hazards model was
used to compute HRs and their 95% Cis for total
death events, using < 120 mmHg/< 80 mmHg group
as a reference, respectively. In the unadjusted Cox
proportional hazards analysis, groups with
> 120 mmHg SBP and > 80 mmHg DBP were all
significantly associated with a greater HR for all-
cause mortality compared with the corresponding
reference group. The total unadjusted HR (95% Cl)
was 1.756 (1.644-1.875). After adjusted for the
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confounding factors, a significant association ranging from 1.405- to 2.179-fold for SBP and 1.550-
remains between all-cause mortality and high SBP to 2.854-fold for DBP (P < 0.05 for both). Table 3
(> 160 mmHg) and high DBP (2 100 mmHg), with aHR shows the unadjusted and adjusted HRs for the

Table 1. Baseline characteristics between the follow-up and the lost population

Male Female
Item
Follow-up The lost P value Follow-up The lost P value
All 2,567 618 2,779 1,022
Height (cm) 167.3+6.1 167.8+6.9 0.1184 156.3+5.9 157.4+5.6 <0.0001
Weight (kg) 65.8+9.9 66.6 £ 10.0 0.0752 58.5+9.3 58.8+ 8.8 0.4087
BMI (kg/m’) 235+3.1 23.6+3.2 0.2363 24.0%3.5 23.7£33 0.0642
SBP (mmHg) 1249+ 16.4 125.0 £ 16.2 0.8993 123.3+19.6 121.6 +18.6 0.0168
DBP (mmHg) 79.1+10.3 78.4+9.2 0.0812 77.2+10.5 76.5+10.0 0.0767
Age
18- 336 (13.1) 105 (17.0) 424 (15.3) 363 (35.5)
30- 611 (23.8) 164 (26.5) 736 (26.5) 266 (26.0)
40- 626 (24.4) 142 (23.0) 690 (24.8) 167 (16.3)
0.0163 <0.0001
50- 510 (19.9) 94 (15.2) 526 (18.9) 123 (12.1)
60- 320 (12.4) 70 (11.3) 300 (10.8) 67 (6.6)
>70 164 (6.4) 43(7.0) 103 (3.7) 36 (3.5)
Marital status
Married 2,326 (90.7) 513(83.1) 2,535 (91.2) 858 (83.9)
<0.0001 <0.0001
Unmarried 238(9.3) 104 (16.9) 244 (8.8) 164 (16.1)
Year of Education
<9 1,884 (73.7) 440 (71.3) 2,290 (82.6) 713 (69.8)
10- 512 (20.0) 128 (20.8) 0.2805 383 (13.8) 222 (21.7) <0.0001
12- 161 (6.3) 49 (7.9) 100 (3.6) 87 (8.5)
Occupation
Non-manual 552 (21.5) 127 (20.7) 274 (9.9) 201 (19.7)
Manual 1,613 (62.9) 373 (60.6) 0.1785 862 (31.0) 244 (23.9) <0.0001
Others 401 (15.6) 115 (18.7) 1,641 (59.1) 576 (56.4)
Smoke
Current smoker 1,586 (61.8) 357 (57.8) 22 (0.8) 13(1.3)
0.066 0.1692
Never smoke 981 (38.2) 261 (42.2) 2,757 (99.2) 1,009 (98.7)
Alcohol (times/week)
0 1,622 (65.1) 342 (59.0) 2,678 (98.7) 962 (99.1)
1- 547 (21.9) 154 (26.5) 20(0.7) 5(0.5)
0.0109 0.6633
3- 166 (6.7) 52(9.0) 1(0.1) 1(0.1)
>5 158 (6.3) 32 (5.5) 13 (0.5) 3(0.3)
Regular PA
Yes 306 (11.9) 67 (10.8) 295 (10.6) 93 (9.1)
0.4539 0.1712
No 2,261 (88.1) 551 (89.2) 2,484 (89.4) 929 (90.9)

Note. BMI, body mass index; PA, physical activity.
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association of mortality and SBP/DBP by gender and
age. Persons with > 180 mmHg SBP had a
significantly higher mortality risk, with HR (95% C/) of
2.506 (1.320-4.758) for males and 1.953 (1.017-
3.751) for females. The HRs (95% Cl) for persons with
> 180 mmHg SBP was 3.714 (1.760-7.836) for those
< 60 years of age and 1.947 (1.086-3.491) for those
> 60 years. Compared with the DBP reference group,
the males in the 2 100 mmHg group had a
significantly higher mortality with HRs (95% CI) of
2.715 (1.377-5.351). However, none of the DBP
groups among females had a significantly increased

risk for death with HRs.
DISCUSSION

In this population-based prospective study, we
found that participants with < 120 mmHg baseline
SBP or < 80 mmHg DBP had the lowest cumulative
mortality outcome in the northern town area. A
significant trend was observed that the cumulative
mortality rate rose with the increasing SBP or DBP
pressure. After adjusting confounding factors,
participants with SBP > 160 mmHg or DBP > 100 mmHg

Table 2. The number and cumulative mortality rate by sex and age

2

Item Death PY Crude mortality rate (95% C/) (/100,000 PY) X P

Sex

Male 364 31658.0 1149.8 (1037.5-1274.2)

35.779 <0.001

Female 250 35290.8 708.4 (625.8-801.9)
Age

<60 229 57593.2 397.6 (349.3-452.6)

260 385 9355.4 4115.2 (3724.0-4547.5) 1223.965 <0.001
Total 614 66948.6 917.1 (847.4-992.6)

Note. PY, person-years; Cl, confidence interval.
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had significant HRs for all-cause mortality. In our
study, we found no association between
prehypertension and the elevated risk of all-cause
mortality.

In our Cox proportional hazards models analysis,
SBP < 120 mmHg and DBP < 80 mmHg subgroups
were set as the reference group. These thresholds
were chosen because the MORGAM study found the
relation of DBP to mortality risk to be J-shaped, with
the lowest mortality risk at a DBP of about 82 mmHg
for all-cause mortality. For the SBP, the relation was J-
shaped for all-cause mortality, with the lowest
mortality at a SBP of about 120 mmHg®. Therefore,
we made a slight adjustment to the DBP threshold. In
addition, the threshold values set in this study are
consistent with the JNC7 guidelines[m], where they are
defined as the upper limits for optimal SBP and DBP.

According to JNC-7, a blood pressure of 120-
139 mmHg/80-89 mmHg, which was defined as
prehypertension, included elevated BP and stage |
hypertension. Several studies had explored the
association between prehypertension and mortality,
with conclusions similar to ours. A pooled
prospective cohort study of 154,407 Chinese adults
showed that stage 1 hypertension was associated
with an elevated risk of CVD mortality but not with
all-cause mortalitym. Another meta-analysis of 20
cohort studies also had the same results"". A
previous analysis in the SWHS reported no
association between stage | hypertension and all-

cause mortality. However, that study included only
women®. A study from Singapore, including 5,830
adults, found no significant associations between
prehypertension and all-cause and CVD mortalitym]

The current findings on the relationship between
blood pressure and all-cause mortality risk were
inconsistent. A U-curve relationship between SBP
and mortality was observed based on a long-term
population-based study of heart failure patientsm].
In the Asian population, a J-shaped association
between lower SBP and all-cause mortality was
found in old and middle-aged Korean men™. Two
studies from China also had the same results.
However, one of the cohort studies only included
female participants, while the other observed the J-
shaped relationship only in men®. In our study, the
significant relationship between SBP/DBP and all-
cause mortality was observed in all adults, male and
female, and > 60-year-old adults. However, we could
not obtain a clear evidence on whether it is J-shaped
or U-shaped using the current data. However, the
result was consistent with another study from
China™!.

Although studies have demonstrated the
importance of treating isolated systolic hypertension
even with low DBP“GI, the SBP/DBP level had a
different predictive value for stratified gender or
age. The results showed an association between the
increase of SBP or DBP and approximately 16% risk
of all-cause mortality. For SBP, the aHRs were higher

Table 3. Hazards ratio for all-cause mortality according to SBP/DBP levels

Female
adjusted HR
(95% CI)

<60
adjusted HR
(95% CI)

260
adjusted HR
(95% CI)

Total Male .
Item ] Adjusted HR adjusted HR
Unadjusted HR (95% Ci) (95% CI)
SBP
120- 2.302(1.855-2.858) 1.165 (0.929-1.461) 1.101 (0.819-1.479)
140- 4.247 (3.318-5.436) 1.299(0.992-1.701) 1.257 (0.879-1.797)
160- 5.790 (4.266-7.858) 1.405 (1.012-1.951) 1.284 (0.811-2.034)
180- 9.374(6.132-14.33) 2.179(1.385-3.427) 2.506 (1.320-4.758)
Total 1.756 (1.644-1.875) 1.162 (1.067-1.266) 1.193 (1.057-1.346)
DBP
80- 1.609 (1.345-1.926) 1.196 (0.996-1.437) 1.096 (0.864—1.390)
90-  1.984(1.557-2.528) 1.262 (0.980-1.624) 1.120 (0.791-1.586)
100- 2.075(1.404-3.067) 1.550 (1.036-2.320) 1.467 (0.865—2.489)
110- 3.145(1.800-5.493) 2.854 (1.630-4.999) 2.715(1.377-5.351)
Total 1.340(1.250-1.436) 1.164 (1.078-1.257) 1.128 (1.017-1.251)

1.120 (0.782-1.602)
1.248 (0.822-1.895)
1.338 (0.829-2.160)
1.953 (1.017-3.751)
1.115 (0.984-1.263)

1.277 (0.951-1.713)
1.334 (0.918-1.939)
1.698 (0.903-3.193)
2.391 (0.874-6.541)
1.184 (1.052-1.334)

1.004 (0.729-1.382)
1.186 (0.763-1.843)
1.954 (1.094-3.492)
3.714 (1.760-7.836)
1.265 (1.092-1.466)

0.768 (0.559-1.057)
0.843 (0.537-1.324)
2.080 (1.214-3.564)
2.470 (1.194-5.110)
1.116 (0.983-1.267)

1.396 (0.997-1.955)
1.491 (1.028-2.162)
1.397 (0.913-2.137)
1.947 (1.086-3.491)
1.117 (1.005-1.240)

1.556 (1.233-1.965)
1.620 (1.186-2.214)
1.151 (0.616-2.148)
3.526 (1.428-8.705)
1.210 (1.096-1.335)

Note. HR, hazard ratio; Cl, confidence interval. *Adjusted for education, occupation, marital, smoking,
alcohol, physical activity and BMI.
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in males and < 60-year-old subgroups than in
females and > 60-year-old subgroups, respectively,
which mean that treating high SBP may yield a better
result in males and < 60-year-old subgroups. But for
DBP, a reverse association was noted. It is worthy to
note that a significant association exists between all-
cause mortality risk and most DBP levels among
> 60-year-old participants. At the same time, no
obvious association was found for females at each
DBP level. The result was inconsistent with studies
from Europe and Australia™™, which proposed the
prognostic value of DBP in < 50-year-old individuals.
Whether the differences could be attributed to
ethnicity remains to be determined. Furthermore,
the prevention and control of blood pressure for
male and > 60-year-old participants with higher DBP
level in rural areas was a matter of cardinal
significance. In 2013, 22.78% of the total deaths
were caused by high blood pressure in China, and
the burden of disease caused by high blood pressure
in rural areas was higher than that in cities®. In
addition, the SBP and DBP levels for rural residents
of Shanxi province increased by 6.7% and 9.5% for
men and 9.3 and 7.8 for women, respectively[sl.
Therefore, we should explore the appropriate
technologies suitable for rural residents’ high blood
pressure and associated risk factors and strengthen
its prevention and control.

The strength of this study is the use of the
population-based cohort with a long follow-up period
(almost up to 14 years), which may help in estimating
the association between high SBP and mortality
correctly. Moreover, education, occupation, marital
status, alcohol, smoking, exercise, and BMI were taken
into consideration in our Cox analyses to avoid the
corresponding bias. Our study also has some
limitations. First, the study included the relatively small
sample size and death events, which reduce the
statistical power. Second, to avoid the misclassification
of the cause of death and, more importantly, to avoid
instability of the results due to the small sample size,
we used only all-cause mortality instead of
cardiovascular death and others. Finally, blood
pressure is an ever-changing variable in individuals
during follow-up. Therefore, some studies included
blood pressure variability to assess the death risk? 2,
However, many previous studies, including the famous
Framingham Study, were all based on a baseline
measurement.

In conclusion, the all-cause mortality rates rose
with the increasing SBP or DBP pressure. Adults with
a higher blood pressure level (SBP > 160 mmHg and
DBP > 100 mmHg) had a high mortality risk. The

distribution of HR for DBP and mortality varied with
different genders and ages. Our findings will be a
helpful guide for clinical practice in treating high
blood pressure.

ACKNOWLEDGMENTS

The authors are grateful for all those who
participated in the baseline investigation and follow-
up study.

CONFLICTS OF INTEREST

The authors have no commercial or other
associations that might pose a conflict of interest.

Received: April 11, 2020;
Accepted: November 4, 2020

REFERENCES

1. Danaei G, Ding EL, Mozaffarian D, et al. The preventable
causes of death in the United States: comparative risk
assessment of dietary, lifestyle, and metabolic risk factors.
PLoS Med, 2009; 6, €1000058.

2. Ezzati M, Lopez AD, Rodgers A, et al. Selected major risk
factors and global and regional burden of disease. Lancet,
2002; 360, 1347-60.

3. Collaborators GBDRF. Global, regional, and national
comparative risk assessment of 84 behavioural, environmental
and occupational, and metabolic risks or clusters of risks for
195 countries and territories, 1990-2017: a systematic analysis
for the Global Burden of Disease Study 2017. Lancet, 2018;
392, 1923-94.

4. Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk
factors in China and its provinces, 1990-2017: a systematic
analysis for the Global Burden of Disease Study 2017. Lancet,
2019; 394, 1145-58.

5. Li C, Chen Y, Zheng Q, et al. Relationship between systolic
blood pressure and all-cause mortality: a prospective study in
a cohort of Chinese adults. BMC public health, 2018; 18, 107.

6. Dorjgochoo T, Shu XO, Zhang X, et al. Relation of blood
pressure components and categories and all-cause, stroke and
coronary heart disease mortality in urban Chinese women: a
population-based prospective study. J Hypertens, 2009; 27,
468-75.

7. Liu N, Yang JJ, Meng R, et al. Associations of blood pressure
categories defined by 2017 ACC/AHA guidelines with mortality
in China: Pooled results from three prospective cohorts. Eur J
Prev Cardiol, 2019; 27, 2047487319862066.

8. Zhao YF, Li CL, Wei XY, et al. Blood pressure changes in 18-59
years old adults in rural area of Shanxi province, China.
Zhonghua Liu Xing Bing Xue Za Zhi, 2019; 40, 548-53. (In
Chinese)

9. Vishram JK, Borglykke A, Andreasen AH, et al. Do other
cardiovascular risk factors influence the impact of age on the
association between blood pressure and mortality? The
MORGAM Project. J Hypertens, 2014; 32, 1025-33.

10. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report
of the Joint National Committee on Prevention, Detection,


http://dx.doi.org/10.1016/S0140-6736(02)11403-6
http://dx.doi.org/10.1016/S0140-6736(18)32225-6
http://dx.doi.org/10.1016/S0140-6736(19)30427-1
http://dx.doi.org/10.1186/s12889-017-4965-5
http://dx.doi.org/10.1097/HJH.0b013e3283220eb9
http://dx.doi.org/10.1097/HJH.0000000000000133
http://dx.doi.org/10.1016/S0140-6736(02)11403-6
http://dx.doi.org/10.1016/S0140-6736(18)32225-6
http://dx.doi.org/10.1016/S0140-6736(19)30427-1
http://dx.doi.org/10.1186/s12889-017-4965-5
http://dx.doi.org/10.1097/HJH.0b013e3283220eb9
http://dx.doi.org/10.1097/HJH.0000000000000133

8 Biomed Environ Sci, 2021; 34(1): 1-8
Evaluation, and Treatment of High Blood Pressure: the JNC 7 predictors of cardiovascular disease risk in Men. Hypertension,
report. JAMA, 2003; 289, 2560-72. 2000; 36, 801-7.

11. Huang Y, Su L, Cai X, et al. Association of all-cause and 18. Franklin SS, Larson MG, Khan SA, et al. Does the relation of
cardiovascular mortality with prehypertension: a meta- blood pressure to coronary heart disease risk change with
analysis. Am Heart J, 2014; 167, 160-8. aging? The Framingham Heart Study. Circulation, 2001; 103,

12. Lee J, Heng D, Ma S, et al. Influence of pre-hypertension on all- 1245-9.
cause and cardiovascular mortality: the Singapore 19. Domanski M, Mitchell G, Pfeffer M, et al. Pulse pressure and
Cardiovascular Cohort Study. Int J Cardiol, 2009; 135, 331-7. cardiovascular disease-related mortality: follow-up study of

13. Lee DS, Ghosh N, Floras JS, et al. Association of blood pressure the Multiple Risk Factor Intervention Trial (MRFIT). JAMA,
at hospital discharge with mortality in patients diagnosed with 2002; 287, 2677-83.
heart failure. Circulation Heart failure, 2009; 2, 616-23. 20. Zeng XY, Liu SW, Wang UJ, et al. Mortality and life expectancy

14.Yi SW, Ohrr H. Low systolic blood pressure and mortality from that attributable to high blood pressure in Chinese people in
all causes and vascular diseases among older middle-aged 2013. Chin J Epidemiol, 2017; 38, 1011-6. (In Chinese)
men: Korean Veterans Health Study. J Prev Med Public Health, 21. Wang JB, Huang QC, Hu SC, et al. Baseline and longitudinal
2015; 48, 105-10. change in blood pressure and mortality in a Chinese cohort. J

15.Song Y, Wu S, Liu X, et al. Association of systolic blood Epidemiol Community Health, 2018; 72, 1083-90.
pressure levels with cardiovascular and cerebrovascular 22. Weiss A, Beloosesky Y, Koren-Morag N, et al. Association
events and all-cause mortality: a result from the Kailuan study. between mortality and blood pressure variability in
Blood pressure monitoring, 2016; 21, 149-54. hypertensive and normotensive elders: A cohort study. Journal

16. Fagard RH, Staessen JA, Thijs L, et al. On-treatment diastolic of clinical hypertension, 2017; 19, 753-6.
blood pressure and prognosis in systolic hypertension. Arch 23.Dai Y, Wang Y, Xie Y, et al. Short-Term and Long-Term Blood
Intern Med, 2007; 167, 1884-91. Pressure Changes and the Risk of All-Cause and Cardiovascular

17. Sesso HD, Stampfer MJ, Rosner B, et al. Systolic and diastolic Mortality. BioMed research international, 2019; 2019,
blood pressure, pulse pressure, and mean arterial pressure as 5274097.


http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1016/j.ahj.2013.10.023
http://dx.doi.org/10.1016/j.ijcard.2008.03.067
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.869743
http://dx.doi.org/10.3961/jpmph.15.003
http://dx.doi.org/10.1097/MBP.0000000000000181
http://dx.doi.org/10.1001/archinte.167.17.1884
http://dx.doi.org/10.1001/archinte.167.17.1884
http://dx.doi.org/10.1161/01.HYP.36.5.801
http://dx.doi.org/10.1001/jama.287.20.2677
http://dx.doi.org/10.1136/jech-2018-211050
http://dx.doi.org/10.1136/jech-2018-211050
http://dx.doi.org/10.1111/jch.12996
http://dx.doi.org/10.1111/jch.12996
http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1016/j.ahj.2013.10.023
http://dx.doi.org/10.1016/j.ijcard.2008.03.067
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.869743
http://dx.doi.org/10.3961/jpmph.15.003
http://dx.doi.org/10.1097/MBP.0000000000000181
http://dx.doi.org/10.1001/archinte.167.17.1884
http://dx.doi.org/10.1001/archinte.167.17.1884
http://dx.doi.org/10.1161/01.HYP.36.5.801
http://dx.doi.org/10.1001/jama.287.20.2677
http://dx.doi.org/10.1136/jech-2018-211050
http://dx.doi.org/10.1136/jech-2018-211050
http://dx.doi.org/10.1111/jch.12996
http://dx.doi.org/10.1111/jch.12996
http://dx.doi.org/10.1001/jama.289.19.2560
http://dx.doi.org/10.1016/j.ahj.2013.10.023
http://dx.doi.org/10.1016/j.ijcard.2008.03.067
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.869743
http://dx.doi.org/10.3961/jpmph.15.003
http://dx.doi.org/10.1097/MBP.0000000000000181
http://dx.doi.org/10.1001/archinte.167.17.1884
http://dx.doi.org/10.1001/archinte.167.17.1884
http://dx.doi.org/10.1161/01.HYP.36.5.801
http://dx.doi.org/10.1001/jama.287.20.2677
http://dx.doi.org/10.1136/jech-2018-211050
http://dx.doi.org/10.1136/jech-2018-211050
http://dx.doi.org/10.1111/jch.12996
http://dx.doi.org/10.1111/jch.12996

Biomed Environ Sci, 2021; 34(1): S1-S2 S1

Supplementary Table S1. Demographic characteristics of the study populations stratified by baseline SBP

SBP level (mmHg)

Total
<120 120- 140- 160- > 180 P value
Number of participants 5,346 2,202 2,221 630 228 65
Age (yrs) 449+ 13.8 39.0+11.9 46.6+13.3 53.8+12.0 57.5+12.0 57.7+11.2 <0.0001
Height (cm) 161.6+8.1 161.2+7.8 162.6+8.1 160.7 £ 8.8 159.0+ 8.0 157.2+8.6 <0.0001
Weight (kg) 62.0+10.2 59.7+9.3 63.5+10.2 64.5+11.3 64.0+10.8 61.8+12.1 <0.0001
BMI (kg/m’) 23.7+33 229+3.1 24.0+3.2 24939 252+35 249+3.8 <0.0001
SBP (mmHg) 124.1+18.2 108.7+7.3 126.8+5.8 146.1+6.1 165.7+6.0 190.7 +12.5 <0.0001
DBP (mmHg) 78.1+10.4 71.0+6.8 80.3+7.0 87.7+9.6 92.9+11.5 101.8+14.1 <0.0001
Marital status <0.0001
Married 4,861 (91.0) 2,006 (41.3) 2,027 (41.7) 570 (11.7) 203 (4.2) 55(1.1)
Unmarried 482 (9.0) 195 (40.5) 192 (39.8) 60 (12.4) 25(5.2) 10(2.1)
Year of Education <0.0001
<9 4,174 (78.3) 1,631 (39.1) 1,765 (42.3) 520 (12.5) 202 (4.8) 56 (1.3)
10- 895 (16.8) 414 (46.3) 360 (40.2) 91(10.2) 22 (2.5) 8(0.9)
12- 261 (4.9) 151 (57.9) 88(33.7) 17 (6.5) 4(1.5) 1(0.4)
Occupation <0.0001
Non-manual 826 (15.5) 401 (48.5) 322 (39.0) 80(9.7) 19 (2.3) 4(0.5)
Manual 2,475 (46.3) 1,086 (43.9) 1,084 (43.8) 224 (9.1) 65 (2.6) 16 (0.6)
Others 2,042 (38.2) 715 (35.0) 813 (39.8) 326 (16.0) 144 (7.1) 44 (2.2)
Smoke <0.0001
Current smoker 1,608 (30.1) 604 (37.6) 770 (47.9) 177 (11.0) 45 (2.8) 12 (0.7)
Never smoker 3,738 (69.9) 1,598 (42.8) 1451 (38.8) 453 (12.1) 183 (4.9) 53 (1.4)
Alcohol (times/week) <0.0001
0 4,300 (82.6) 1,796 (41.8)  1,708(39.7)  532(12.4) 205 (4.8) 59 (1.4)
1- 567 (10.9) 219 (38.6) 278 (49.0) 55(9.7) 12 (2.1) 3(0.5)
3- 167 (3.2) 57 (34.1) 88 (52.7) 16 (9.6) 5(3.0) 1(0.6)
25 171 (3.3) 63 (36.8) 91(53.2) 11 (6.4) 5(2.9) 1(0.6)
Regular PA <0.0001
Yes 601 (11.2) 182 (30.3) 232 (38.6) 119 (19.8) 56 (9.3) 12 (2.0)
No 4,745 (88.8) 2,020 (42.6) 1,989 (41.9) 511 (10.8) 172 (3.6) 53(1.1)

Note. BMI, body mass index; PA, physical activity.
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Supplementary Table S2. The cumulative mortality rates of participants at different
SBP/DBP level by sex and age
SBP <120 mmHg 120- mmHg 140- mmHg 160— mmHg 180- mmHg )(2 P value
Sex
596.1 1112.1 2247.8 3147.5 5431.1
Male 129.177 .001
(470.8-754.7) (956.4-1293.0)  (1810.3-4450.9)  (2225.8-4450.9)  (3084.5-9563.4) 9 <0.00
297.3 810.6 1344.9 1980.9 3066.5
Female . .
(225.3-392.2) (667.0-985.2) (1027.5-1760.5)  (1400.8-2801.2)  (1816.1-5177.7) 135924 <0.001
X 14.671 6.433 8.840 3.570 2.262
P <0.001 0.011 0.03 0.059 0.133
Age
275.8 406.8 679.0 1030.5 1986.6
<60 494 .001
(219.6-346.3) (333.0-496.9) (489.8-941.4) (621.2-1709.3) (993.5-3972.4) 5049 <0.00
5 60 2884.7 4288.7 4328.6 4165.1 6550.4 S5 0.019
(2153.8-3863.5)  (3696.5-4975.7)  (3554.6-5271.0)  (3147.9-5510.9)  (4126.9-10396.8)
X 240.427 539.667 121.818 26.975 9.218
P <0.001 <0.001 <0.001 <0.001 0.002
419.1 976.3 1778.9 2431.5 3837.6
Total . .
o (350.2-501.6) (866.5-1099.9)  (1502.8-2105.9)  (1903.1-3106.6)  (2612.9-5636.4) 270.537  <0.001
DBP < 80 mmHg 80— mmHg 90— mmHg 100- mmHg 110- mmHg )(2 P value
Sex
935.2 1289.7 1375.9 1622.7 2783.6
Male . .
(795.2-1099.9)  (1096.5-1516.8)  (1033.7-1831.2)  (994.1-2648.7) (1448.4-5349.9) 16.746  <0.001
499.0 887.4 1300.7 1186.2 1362.2
Femal : :
emate (411.8-604.8)  (720.1-10937)  (961.3-1760.1)  (673.7-2888.8)  (511.2-36295)  ->-266 <0001
X 24.930 7.846 0.071 0.690 1.517
P <0.001 0.005 0.790 0.406 0.218
Age
354.5 360.9 4925 1009.5 1427.9
<60 . .
(295.3-425.6) (282.5-461.1) (335.3-723.4) (618.5-1647.9) (714.1-2855.2) 19.367 <0.001
> 60 3363.1 4849.3 4610.9 2907.5 8819.1 4,265 0.039
(2841.1-3981.1)  (4172.4-5635.9)  (3602.0-5902.5)  (1651.2-5119.7)  (3670.7-21188.4)
g 474.722 541.033 139.365 80525 13.526
<0.001 <0.001 <0.001 0.004 <0.001
Total 685.8 1101.8 1339.3 1404.7 2107.1 57240 <0.001

(605.9-776.3)

(969.3-1252.5)

(1088.1-1646.6)

(967.8-2030.1)

(1223.5-3628.9)

Note. Cl, confidence interval.



