
 

 

Iran J Public Health, Vol. 50, No.10, Oct 2021, pp.1993-2001                                               Original Article 

 
                                         Copyright © 2021 Feng et al. Published by Tehran University of Medical Sciences. 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International license 
(https://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are permitted, provided the original work is properly cited. 

 
1993                                                                                                    Available at:    http://ijph.tums.ac.ir 

 

 

 

Impact of Elevated Systolic Blood Pressure Levels on Mortality 
and Life Expectancy in Southeast Chinese Residents 

 
Wei Feng 1, Wei Ji 2, Yong Wang 2, Qinghai Gong 2, Sixuan Li 2, Yang Liu 3, Ge  

Lou 3, *Shiwei Liu 3, *Hui Li 2 
 

1. Fenghua District Center for Disease Control and Prevention, Ningbo, P.R. China 
2. Ningbo Municipal Center for Disease Control and Prevention, Hangzhou, P.R. China 

3. Chinese Center for Disease Control and Prevention, Beijing, P.R. China 
 

*Corresponding Author: Email: lihui4329@163.com, shiwei_liu@aliyun.com 
 

(Received 11 Dec 2020; accepted 15 Feb 2021) 
 

 
  

Introduction 
 
Cardiovascular disease (CVD) represents a severe 
disease burden due to its high morbidity and 
mortality. The global burden of disease (GBD) 
study showed that approximately 485 million pa-
tients and 17.79 million deaths attributed to CVD 
occur in the 2017 world word (1-3). Meanwhile, it 

is estimated that more than 23 million deaths due 
to CVD will occur around the world in 2030 (4). 
According to the WHO, more than three-
quarters of CVD deaths occur in low - and mid-
dle-income countries, becoming an increasing 
public health problem (5).While in China, the 
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Background: We aimed to analyse the impact of elevated systolic blood pressure (SBP) levels on mortality and 
life expectancy among ≥25 yr adults in the municipality of Ningbo, China. 
Methods: The death cause data were collected from the Internet-based Comprehensive Chronic Disease Sur-
veillance System in Zhejiang Province in 2015, and SBP level data were obtained from the Ningbo Adult 
Chronic Disease Surveillance survey. According to the comparative risk assessment theory, the population at-
tributable fraction (PAF) of elevated SBP levels by gender and urban-rural regions has been calculated. The 
deaths and life expectancy loss due to elevated SBP levels were estimated. 
Results: In 2015, the average SBP level among ≥25 yr adults in Ningbo was 129.01 ± 17.73 mmHg, which was 
higher in men (131.67 ± 16.89 mmHg) than in women (126.24 ± 18.15 mmHg) and was higher among adults in 
rural regions (130.55 ± 18.75 mmHg) than among adults in urban regions (127.15 ± 16.19 mmHg). A total of 
6181 deaths were attributed to elevated SBP levels among adults in Ningbo. The PAF of deaths caused by ele-
vated SBP levels among adults was 16.14%, which was higher in women (18.73%) than in men (14.31%). The 
overall loss of life expectancy caused by elevated SBP levels among adults was 1.76 yr, which was higher in 
women (1.99 yr) than in men (1.53 yr) and was higher in rural regions (1.91 yr) than in urban regions (1.49 yr).  
Conclusion: Elevated SBP levels had a serious impact on the death and life expectancy loss of residents in 
Ningbo. 
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number of CVD patients, including hypertension, 
is 270 million in 2018.  CVD mortality still ranks 
first among all causes of death [6]. In addition, 
both mortality and disability-adjusted life-years 
(DALYs) caused by CVD in China in 2017 are 
significantly higher than the global average (7). 
Because of the acceleration of population aging, 
changes in a traditional lifestyle and rapid eco-
nomic development in China, the disease burden 
of CVD will remain substantial in the future. 
High systolic blood pressure (SBP) is one of the 
main modifiable risk factors for CVD. In 2017, 
the death and the DALY attributed to elevated 
SBP were 10.4 million and 218 million world-
wide, respectively (2-3). The corresponding bur-
den associated with elevated SBP ranked first in 
all 84 risk factors examined in 2017 (8). In recent 
years, the prevalence of hypertension in China 
has been on the rise. It has increased from 18.8% 
in 2002 to 23.2% in 2015 (9,10).  More than 50% 
of patients with hypertension are undiagnosed 
(10). In addition, the control rate of hypertension 
in China remains relatively low compared with 
that of developed countries (11,12).  Hyperten-
sion is one of the major interventions to reduce 
the burden of CVD, and various types of com-
munity-based hypertension prevention and con-
trol programs have been initiated in different 
countries (13-17). Hypertension intervention 
programs have demonstrated effectiveness in 
controlling hypertension and CVD (18-20). 
Life expectancy (LE) is an essential indicator that 
comprehensively reflects the health status of res-
idents and social and economic development lev-
els [21,22]. In 2016, the Chinese Government 
announced the Outline of the Healthy China 
2030 Plan. A key goal in this plan was to increase 
LE by 3 yr by 2030 (23). CVD is one of the lead-
ing causes of death in Ningbo, and elevated SBP 
is the predominant preventable risk factor for 
CVD. In addition, elevated SBP levels are associ-
ated with lower LE (24,25). According to the re-
sults of the Chinese Center for Disease Control 
and Prevention (CDC), LE would increase by 4. 
9 yr if the rate of high SBP was 25% lower in 
2030 than in 2013. To achieve the goal of a 3-yr 

increase in LE by 2030 in Ningbo, good control 
efforts for high SBP are effective measures (26). 
We aimed to estimate the LE loss attributed to 
elevated SBP in Ningbo municipal in 2015. 
 

Methods 
 
Study population 
Ningbo municipal, situated at 120°55'-122°16' 
east longitude, and 28°51'-30°33' north latitude, is 
a famous port city on the southeast coast of Chi-
na.  It comprises six districts and four counties 
with a total land area of 9816 km2 and a regis-
tered population of 5.85 million. Ningbo is one 
of the economic center cities of The Yangtze 
River delta. The urbanization rate is 72.9%, and 
the proportion of adults aged over 65 yr is 
18.14%. 
 
Data collection 
The data of SBP values among residents aged 
over 25 yr were retrieved from the Ningbo Adult 
Chronic Disease Surveillance survey. This repre-
sentative study covered all 10 counties/districts 
of the Ningbo municipal and was conducted in 
2015. All respondents were randomly enrolled by 
a multistage stratified cluster random sampling 
method. The sampling procedure, sample size 
and blood pressure measurement had been re-
ported elsewhere (27). Eventually, 5,160 re-
spondents participated in the present study, of 
whom 4,800 of them aged over 25 yr. The mor-
tality data extract from the Internet-based Com-
prehensive Chronic Disease Surveillance System 
in Zhejiang Province, which covered 5.85 million 
people in all counties/districts of the city. In 
2015, a total of 38,401 deaths were reported in 
Ningbo with a mortality rate of 6.56‰, including 
38,304 deaths of those over 25 yr of age. 
 
Diseases associated with elevated SBP 
According to the GBD study 2017, diseases iden-
tified as health outcomes etiologically correlated 
with elevated SBP levels were as follows: rheu-
matic heart disease, ischaemic heart disease, is-
chaemic stroke, haemorrhagic stroke, aortic aneu-
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rysm, hypertension heart disease, endocarditis, 
cardiomyopathy and myocarditis, atrial fibrilla-
tion, peripheral vascular disease and other circu-
latory diseases, chronic kidney disease (28).The 
above-mentioned ICD-10 code of the diseases 
can be found on the website of the Global 
Health Data Exchange [29]. 
 
Mortality attributable to elevated SBP 
We used population attributable fraction (PAF) 
to evaluate the burden of excess SBP for each 
specified sex–age and area–age group. The for-
mula for calculating PAF was 
 

 
 
RR(x) is the relative risk of SBP level for each 
disease causally correlated with elevated SBP lev-
els. The specific RR value was identified from the 
GBD study in 2015 (30). P(x) is the SBP level of 
the surveyed population, and considering the re-
gression dilution bias, we corrected the popula-
tion distribution of SBP by using the regression 
dilution coefficient. P*(x) is the theoretical mini-
mum SBP level with a value of 115 mmHg in this 
study (30). In addition, h and l represent the max-
imum and minimum SBP levels, respectively. The 
mortality for each disease attributable to elevated 
SBP levels was calculated by multiplying the PAF 
with the reported deaths based on specific sex 
and area with different age groups, and then the 
total attributable disease mortality was summed 
as the whole mortality attributable to elevated 
SBP levels. 
 
Calculate the impact of elevated SBP levels 
on LE 
We utilised the simple life table method to calcu-
late the LE of different genders and regions in 
Ningbo in 2015. After subtracting the total num-
ber of deaths from the deaths attributable to ele-
vated SBP levels, the LE of different genders and 
regions was calculated similarly. The difference 
between the two is the impact of elevated SBP 
levels on LE. 

 
Statistical analysis 
We used Microsoft Excel 2007 to calculate the 
PAF by different gender, ages and health out-
comes. For statistical analysis, we utilised the R 
3.5.0 software. The SBP levels between groups of 
different characteristics were compared by t-test; 
P < 0.05 indicated a statistically significant differ-
ence. 
 

Results 
 
The SBP level among residents in Ningbo 
Figure 1 shows that in 2015, the average SBP lev-
el among adults aged 25 and above in Ningbo 
was 129.01±17.73 mmHg. The average SBP level 
was significantly higher in men (131.67 ± 16.89 
mmHg) than in women (126.24 ± 18.15 mmHg), 
with a statistically significant difference (t = 
8.352, P<0.05). With the increase in age, the av-
erage SBP level of both sexes showed an upward 
trend. Under the age of 60 yr, men had a higher 
mean SBP level, and over the age of 65 yr, wom-
en had a higher average SBP level.  
 
The number of deaths and PAF attributed to 
diseases related to elevate SBP 
There were 38,304 deaths among adults aged 25 
and above in Ningbo in 2015. Table 1 shows that 
there were 6181 deaths caused by elevated SBP 
levels, that is,3057 in men and 3124 in women. In 
different regions, the number of deaths caused by 
elevated SBP levels in rural regions (4329) was 
higher than those in urban regions (1862). 
Among all disease outcomes, hypertensive heart 
disease had the highest number of deaths (1747), 
followed by ischaemic stroke (1506) and ischaem-
ic heart disease (1254). In 2015, the PAF of death 
caused by elevated SBP levels in Ningbo was 
16.14%, and the PAF of women (18.73%) was 
higher than of men (14.31%). Hypertensive heart 
disease (100%) had the highest PAF among all 
diseases associated with elevated SBP levels, fol-
lowed by haemorrhagic stroke (56.94%) and is-
chaemic heart disease (54.08%). 
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Fig. 1: The average SBP level among ≥25 yr-old adults in Ningbo, 2015 

 
Table 1: The number of deaths and PAF attributed to elevated SBP 

Health outcomes Gender  Region  Total 

Men Women  Urban Rural  

IHD 647(52.90) 607(55.38)  471(50.86) 783(56.21)  1254(54.08) 

Istroke 755(46.63) 751(48.45)  437(44.46) 1069(48.90)  1506(47.52) 

Hstroke 657(56.54) 582(57.40)  372(52.99) 867(58.82)  1239(56.94) 

RHD 10(25.64) 10(27.03)  4(22.22) 16(27.59)  20(26.32) 
ECM 14(34.15) 9(28.13)  14(32.56) 9(30.00)  23(31.51) 
AA 2(22.22) 2(28.57)  0(0.00) 4(33.33)  4(25.00) 
HHD 793(100.00) 954(100.0

0) 
 416(100.0

0) 
1331(100.0

0) 
 1747(100.00

) 
APO 21(34.43) 17(38.64)  9(27.27) 29(40.28)  38(36.19) 
CHD 158(50.00) 192(52.75)  140(48.44) 210(53.71)  350(51.47) 
Total 3057(14.31) 3124(18.7

3) 
 1863(13.5

7) 
4318(17.76)  6181(16.14) 

Abbreviations: IHD = ischaemic heart disease; Istroke = ischaemic stroke; Hstroke = hemorrhagic stroke; RHD = 
rheumatic heart disease; ECM = endocarditis, cardiomyopathy, and myocarditis; AA = aortic aneurysm; HHD = 
hypertensive heart disease; APO = atrial fibrillation, peripheral vascular disease, and other circulatory diseases; CKD 
= chronic kidney disease 

 
The impact of elevated SBP levels on LE 
Table 2 shows the LE in Ningbo in 2015 was 
81.47 yr, that is, 79.35 yr for men and 83.77 yr for 
women. The overall loss of LE caused by elevat-

ed SBP levels among adults in Ningbo was 1.76 
yr, which was higher in women (1.99 yr) than in 
men (1.53 yr) and higher in rural regions (1.91 yr) 
than in urban regions (1.49 yr). 
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Table 2: The impact of elevated SBP levels on life expectancy by gender and region 

 

 Life ex-
pectancy 

Life expectancy after 
removing elevated SBP 

level effects 

Life expectancy gain after re-
moving elevated SBP level ef-

fects 
Gender    

Men 79.35 80.88 1.53 
Women 83.77 85.76 1.99 

Region    
Urban 82.26 83.75 1.49 
Rural 81.00 82.91 1.91 

Total 81.47 83.23 1.76 

 

Discussion 
 
LE can be used to evaluate the burden of health 
outcomes caused by related risk factors, but these 
studies were mostly conducted at the national 
and provincial levels (31,32). This study analysed 
the impact of elevated SBP levels on LE at the 
municipal level and obtained quantitative analysis 
results. These results can provide a basis for the 
municipality of Ningbo to formulate policies for 
elevated SBP level prevention and control. 
A previous study that was based on 1749 studies 
from 200 countries of 19.1 million participants 
showed that the mean SBP remained unchanged 
in men and declined slightly in women from 1975 
to 2015 (33). In some high-income countries, 
such as Japan (34), United States (35, 36), Eng-
land (37) and Canada (38), the mean SBP de-
creased substantially. By contrast, the upward 
trend of the mean SBP was observed in China 
(39). A few surveys conducted in Ningbo showed 
that a rising trend of SBP level was found among 
residents (40,41), suggesting the possibility of a 
higher death toll attributed to elevated SBP levels 
in the future. 
In 2013, the PAF attributed to elevated SBP lev-
els accounted for 22.7% in China (18), whereas 
the PAF worldwide was 18.9% (42). The burden 
of disease resulting from elevated SBP levels in 
China was higher than the average level globally. 
However, the PAF in Ningbo was 16.14%, lower 
than the average levels worldwide and in China. 
This might be due to the prosperous economic 

development, abundant medical resources, high 
resident consciousness of health and well-
managed SBP level among hypertension patients 
in the local regions. To date, there are already 
846,100 patients with hypertension registered by 
local communities of Ningbo. The blood pres-
sure control rate was 61.08%. Consequently, the 
proportion of deaths due to circulatory diseases 
remained relatively low (29.39%). By contrast, the 
same ratio all over the country was 45.79%(43). 
Circulatory diseases were the primary health out-
comes of elevated SBP levels. This might be ex-
plained by the PAF difference between Ningbo 
and other regions. 
The findings of this study revealed that the death 
toll and PAF attributed to elevated SBP levels 
were higher in women than in men. This was in-
consistent with the studies conducted in other 
areas of China (24, 25, 31,44), indicating that the 
effect of elevated blood pressure was more se-
vere in women than in men. The death toll and 
PAF attributed to elevated SBP levels were high-
er in rural areas than in urban areas. This is con-
sistent with the results of other researches (24, 
25, 31, 44), indicating that rural areas should be 
given greater attention in hypertension control in 
Ningbo. 
Stroke was one of the primary complications of 
hypertension. In this study, the proportion of 
haemorrhagic stroke and ischaemic stroke at-
tributed to elevated SBP levels was 44.41% of the 
total attributable death toll. Recently, due to the 
efforts made through the health Management 
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Program for Hypertensive Patients, stroke mor-
tality showed a significant decreasing trend in 
Ningbo. According to the surveillance results, the 
standardised mortality of stroke in Ningbo has 
declined from 101.03/100,000 in 2002 to 
35.49/100,000 in 2018. A similar decreasing 
trend from 80.65/100,000 in 2002 to 
14.89/100,000 in 2018 is also witnessed in is-
chaemic stroke mortality. The health Manage-
ment Program for Hypertensive Patients was one 
of the national fundamental public health service 
programs, offered for free by the government 
and implemented since 2009. The implementa-
tion of the program provides policies, funds and 
staffing guarantees for the management of hyper-
tension patients in communities. It played a piv-
otal role in lowering stroke mortality in recent 
years. 
The LE loss due to elevated SBP was 1.76 yr, 
which was quite similar to the results reported in 
Nanjing (44), but lower than that in Chongqing 
and Jiangxi Province (24,25). In 2015, LE in 
Ningbo was 81.47 yr. When the impact of elevat-
ed SBP was eliminated, LE could reach 83.23 yr. 
It reflects the severe impact of elevated SBP on 
LE. As demonstrated by previous literature, ele-
vated SBP levels had the greatest impact on the 
LE among all risk factors (45). Hypertension pre-
vention and control should thus be prioritised in 
future works. The health Management Program 
for Hypertensive Patients should be continued to 
increase the number of hypertensive patients 
managed, improve the SBP control rate and fur-
ther weaken the impact of elevated SBP on dis-
ease burden and LE. 
The present study has some limitations. First, the 
Ningbo Adult Chronic Disease Surveillance sur-
vey covered residents aged 15–74 yr; thus, the 
blood pressure level of people aged over 75 yr as 
analysed in this paper was substituted with the 
level of the group aged 70–74 yr. This may pro-
duce a certain impact on the results. Second, risk 
ratio values of related diseases were obtained 
from the global disease burden study in 2015. 
Because of differences in terms of country and 
nationality, this would lead to certain deviations 
in our study. Lastly, only the single factor of ele-

vated blood pressure was analysed in this study. 
The synergistic impact between different risk fac-
tors was not considered. 
 

Conclusion 
 
In 2015, there were a total of 6181(16.14%) 
deaths attributable to elevated SBP levels among 
adults in the municipality of Ningbo and ap-
peared higher in women than in men, in rural 
regions than in urban regions. The life expectan-
cy loss caused by elevated SBP was 1.76 yr, sug-
gesting the targeted measures must be taken to 
control SBP in Ningbo, especially for females 
and rural residents. 
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