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Abstract
Backgrounds: Cardiovascular disease (CVD) remains the leading cause of deaths nationwide. However, little is understood about
its temporal trend and corresponding influence on longevity improvements. We aimed to describe the updated tendency in CVD
mortality and to quantify its impact on life expectancy (LE) increase in China.
Methods:All-causemortalityrateswerecalculatedwithpopulationsizes fromtheNationalBureauofStatisticsanddeathcounts fromthe
National Health Commission. We estimated CVD mortality rates by allocating age- and sex-based mortality envelopes to each CVD
subtype based on its proportion derived from theDisease Surveillance Points system. The probability of CVD premature deaths and LE
were calculated with life tables and we adopted Arriaga’s method to quantitate age- and cause-specific contributions to LE gains.
Results: During 2013 to 2018, the age-standardized mortality rate of CVD decreased from 289.69 (95% confidence interval [CI]:
289.03, 290.35)/100,000 to 272.37 (95%CI: 271.81, 272.94)/100,000, along with a decline in probability of CVD premature
deaths from9.05% (95%CI: 9.02%, 9.09%) to 8.13% (95%CI: 8.10%, 8.16%). The gap in CVDmortality across sexes expanded
with more remarkable declines in females, especially for those aged 15 to 64 years. Among major subtypes, the probability of
premature deaths from hemorrhage stroke declined fastest, while improvements of ischemic stroke and ischemic heart disease were
limited, and there was an increase in stroke sequelae. LE in China reached 77.04 (95%CI: 76.96, 77.12) years in 2018 with an
increase of 1.38 years from 2013. Of the total LE gains, 21.15% (0.29 years) were attributed to reductions of CVDmortality in the
overall population, mostly driven by those aged >65 years.
Conclusions: The general process in reducing CVDmortality has contributed to longevity improvements in China. More attention
should be paid to prevention and control of atherosclerotic CVD and stroke sequelae, especially for the elderly.Working-age males
also deserve additional attention due to inadequate improvements.
Keywords: Aged; Cardiovascular diseases; Causes of death; Hemorrhagic stroke; Ischemic stroke; Longevity; Mortality,
premature; Myocardial ischemia; Life expectancy; China
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Introduction

Under the process of urbanization and social transition,
life expectancy (LE) of the Chinese population has reached
77.3 years in 2019with a rapid increase of>42 years since
1949.[1] Meanwhile, there have been dramatic changes in
the cause-specific death spectra, and the impact of
population ageing has also gradually appeared, leading
to a marked shift in the major contributor to LE increases.
In the past China, longevity improvements were mainly
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promoted by reduced infant deaths and were largely
attributed to constant declines in mortality from diarrhea,
lower respiratory diseases, and other common infectious
diseases. On the other hand, since the early 21st century,
the contribution to LE has been centralized more on
the elderly, and the predominant driving force of gains
in LE has turned to reductions in mortality from
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non-communicable diseases (NCDs), among which car-
diovascular diseases (CVDs) contributed the most.[2]

However, it should never be ignored that CVDs are still
the leading cause of nationwide mortality, accounting for
approximately 4.6 million deaths in 2019.[3] In addition, a
deteriorating situation of atherosclerotic CVDs has been
observed in China, despite a downward trend in most
developed countries.[4-6]

Taking population health as the top priority for national
development, the Chinese government released a series of
policies to promote health throughout the nation. In
response to the Sustainable Development Goals, The
Healthy China 2030 Initiative put forward targets for
increasing LE to 79.0 years and reducing the probability of
premature deaths from major NCDs by 30% relative to
the 2015 levels.[7] Correspondingly, TheMedium-to-Long
Term Plan for the Prevention and Treatment of NCD
(2017–2025) issued by the State Council reiterated the
goal of reducing age-standardized mortality rates of CVDs
in China. To achieve these national health project targets,
it is indispensable to evaluate the temporal trend in CVD
mortality and its impact on longevity promotion.
However, current nationwide evidence is limited and
dispersed in China. Previous studies only focused on the
burden of CVDs without further consideration of its
corresponding influence on LE.[8-10] Several studies have
reported the impact of transitions in CVD epidemic on LE,
whereas most of them were conducted at province-level or
based on earlier epidemiological data.[11-14] In addition,
the potentially heterogeneous impact of various CVD
subtypes on LE improvement has not been well evaluated
in China.[2]

Based on consecutive nationally representative cause-
specific mortality data derived from the National Health
Commission (NHC), the current study investigated the
contemporary trend in mortality and the probability of
premature deaths from total CVD and its subtypes during
2013 to 2018 in China, and further quantified its
contributions to longevity improvement, both in overall
and sex-specific Chinese population. Hong Kong, Macao,
and Taiwan were excluded from the scope of this study
due to insufficiency in data.
Methods

Data sources

We obtained annual population counts by age and sex in
China from the National Bureau of Statistics (NBS), which
were estimated based on National Population Censuses,
Intercensal Surveys, and Annual Surveys on Population
Changes. Information of all-cause mortality was primarily
obtained from the death and population registration
system of the NHC. To minimize the impact of death
underreporting, mortality records from multiple adminis-
trative departments were also incorporated as supplemen-
tary data, including data fromMinistry of Public Security,
MinistryofCivilAffairs, andMinistryofHumanResources
and Social Security. After cross-validation and de-duplica-
tion based on the unique Citizen Identification Number,
the integrated mortality database contained more than
2067
9 million death records annually, which covered most
decedents in China.

Data on the underlying cause of deaths were available
from China’s Disease Surveillance Points (DSP) system,
which was established in 1978 and enlarged several times
in the last decades. Since 2013, the DSP system has
expanded to 605 surveillance points across 31 province-
level administrative units in China, which covers>24% of
the entire population and provides nationally representa-
tive mortality statistics. In each DSP area (either an urban
district or a rural county), causes of deaths are first
determined by well-trained staff at local hospitals (for in-
hospital mortality) or community health centers (for
deaths outside hospitals) and coded according to the 10th
version of the International Classification of Disease (ICD-
10). Thereafter, all certifications are submitted online
through the national Death Information System. The
complete list of death is rechecked using the automatic
coding software in the online system, and if necessary, by
qualified staff at the National Center for Disease Control
and Prevention.[15]

To avoid the potential influence of delayed death reports,
the current analyses only covered deaths reported for
calendar years 2013 to 2018. In addition, 10 out of the
605 DSP sites (3 sites in east China, 5 in central China, and
2 in west China) were excluded due to missing mortality
data in any year during the study period to ensure
consistency of sample population [Supplementary Table 1,
http://links.lww.com/CM9/B2].
Statistical analyses

Overall and sex-specific estimates of all-cause mortality
rates were primarily generated for the entire age span from
0 to ≥85 years in mostly 5-year age intervals, based on the
aggregated data on population sizes from the NBS and
death counts from the above-mentioned integrated
mortality database. We further adopted the modified
capture-recapture method to adjust for the underreported
deaths for those <5 years and applied the Kannisto model
to revise mortality rates at advanced ages.[16,17]

Based on the underlying cause of deaths coded with ICD-
10, we arranged deaths caused by CVDs in a hierarchy
with each level composed of causes mutually exclusive and
collectively exhaustive [Supplementary Table 2, http://
links.lww.com/CM9/B2]: The first level was a composite
of CVDs; the second level was comprised of three major
subsets classified as heart diseases, cerebrovascular
diseases, and other CVDs; and the third level included
four subtypes of heart diseases (ischemic heart diseases
[IHD], hypertensive heart diseases [HHD], rheumatic
heart diseases [RHD], and other heart diseases) and six
subtypes of cerebrovascular diseases (hemorrhagic stroke
[HS], ischemic stroke [IS], unspecific stroke, sequelae of
stroke, hypertensive encephalopathy, and other cerebro-
vascular diseases).

CVD mortality rates were estimated by allocating all-
cause mortality envelopes to each CVD subtype based on
its proportion of total deaths from the annual DSP sample
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sites, stratified by sex and age. To enhance the validity of
cause-specific mortality rates, deaths encoded as codes
that should not be the underlying cause of deaths (often
known as garbage codes) were reassigned before analyses.
Deaths incorrectly classified as heart failure and other ill-
defined CVD causes were redistributed pro-rata as deaths
due to IHD and chronic obstructive pulmonary diseases
(COPD) for people aged ≥50 years, and due to IHD,
COPD, congenital heart anomalies, and other heart
diseases for those aged <50 years, in accordance with
the Global Health Estimates [Supplementary Tables 3,
http://links.lww.com/CM9/B2 and 4, http://links.lww.
com/CM9/B2].[18] Further, we reassigned all deaths coded
as chronic cardiopulmonary diseases (I27.9) to COPD, in
line with previous analyses conducted in China.[19,20]

To reduce the influence of population ageing, we
calculated the age-standardized CVD mortality rate and
its 95% confidence intervals (95% CIs) based on China’s
2010 census population structure.[21] Using the age
grouping criteria adopted by NBS (young population:
<15 years; working-age population: 15–64 years; and
elderly population: ≥65 years), the age-standardized
mortality rates stratified by age at deaths were also
calculated to explore the potential differences across age
groups. The probability of premature deaths and its 95%
CI due to total CVD and its subtypes were calculated with
age-specific CVD mortality rates using the standard life
table method, which reflected the unconditional proba-
bility of deaths from CVDs between exact ages 30 and
70.[22] To evaluate temporal trends in the age-standard-
ized mortality rates and probability of premature deaths,
we estimated the annual percentage change (APC) and its
95% CI by fitting log-linear regression models.

LE at birth was estimated based on period abridged life
tables, assuming that a hypothetical cohort was subject
throughout its lifetime tocurrentage-specificdeathrates.[23]

To further investigate the age- and cause-specific contribu-
tions to longevity improvement, we decomposed life gains
during the study period with Arriaga’s method.[24] Details
on calculating the probability of premature deaths, APC,
LE, and Arriaga decomposition have been provided in
section II of the supplementary materials, http://links.lww.
com/CM9/B2.

Statistical analyses were performed with SAS 9.4 (SAS
Institute, Cary, NC) and R version 3.6.1 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

Trends in the age-standardized mortality rates from CVDs

We observed a consistent downward tendency in the age-
standardized mortality rates for total CVDs among overall
Chinese population, from 289.69 (95% CI: 289.03,
290.35)/100,000 in 2013 to 272.37 (95% CI: 271.81,
272.94)/100,000 in 2018 [Table 1]. The age-standardized
mortality rates declined remarkably for most subtypes of
heart diseases, includingHHD andRHD,while there was a
slight increase (APC: 0.51% [95%CI: 0.27%, 0.76%]) for
IHD, mostly driven by rises among the elderly [Figure 1].
In addition, we observed significant reductions in
2068
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Figure 1: Trends in age-standardized mortality rates of (A) total and each subtype of CVD by age at death in overall and (B,C) sex-specific Chinese population, 2013 to 2018. APC: Annual
percent change; CI: Confidence interval; CVD: Cardiovascular disease.
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age-standardized mortality rates of cerebrovascular dis-
eases, amongwhichHS (APC:�5.04% [95%CI:�5.76%,
�4.32%]) declined much rapidly than IS (APC: �0.70%
[95% CI: �2.03%, 0.63%]). Nevertheless, a notable rise
was observed in stroke sequelae, which increased from
17.97 (95% CI: 17.81,18.14)/100,000 to 26.92 (95% CI:
26.75, 27.10)/100,000 over the study period.

The age-standardized mortality rates [95% CI] for CVDs
from 2013 to 2018 were consistently higher in men (from
341.55 [340.51, 342.59]/100,000 in 2013 to 326.29
[325.37, 327.20]/100,000 in 2018) than women (from
240.00 [239.18, 240.82]/100,000 in 2013 to 220.93
[220.24, 221.62]/100,000 in 2018), and the differences
between sexes were particularly pronounced for the
working-age group [Supplementary Table 5, http://links.
lww.com/CM9/B2]. Moreover, the annual decline was
also much gentler in men (APC: �0.63% [95% CI:
�1.04%,�0.21%]) than in women (APC:�3.74% [95%
CI: �4.15%, �3.33%]) within the 15 to 64 age interval
(P< 0.001). However, no such difference was observed
between sexes for decedents aged <15 years (P= 0.64)
and aged ≥65 years (P= 0.80).

Trends in the probability of premature deaths from CVDs

Along with changes in the age-standardized mortality
rates, we observed a decline in the risk (95% CI) of dying
from total CVDs in those aged 30 to 70 years, from 9.05%
(9.02%, 9.09%) in 2013 to 8.13% (8.10%, 8.16%) in
2018 [Table 2]. Although premature deaths [95%CI]
2069
attributed to cerebrovascular diseases (4.89% [4.86%,
4.92%] in 2013 and 4.22% [4.19%, 4.24%] in 2018)
remained greater than heart diseases (4.19% [4.17%,
4.22%] in 2013 and 3.94% [3.92%, 3.97%] in 2018), the
gap was narrower due to a faster APC (95% CI) of
declines in cerebrovascular diseases (�2.85% [�3.10%,
�2.60%]) compared with heart diseases (�1.21%
[�1.90%,�0.52%]). In the third level of cause hierarchy,
probability of premature deaths (95%CI) for HS dropped
significantly from 2.88% (2.86%, 2.91%) to 2.25%
(2.24%, 2.27%) with an APC (95% CI) of �4.91%
(�5.43%, �4.39%), whereas the decreasing trend was
much slower for IS and there was even an increase in the
sequelae of stroke. Among the major subtypes of heart
diseases, the probability of premature deaths from IHD
remained constant between 2013 and 2018, despite a
remarkable increase in IHD mortality rates observed
among the elderly. On the other hand, the probability of
premature deaths attributed to HHDs (APC: �9.68%
[95%CI:�14.11%,�5.25%]) andRHDs (APC:�6.78%
[95% CI: �9.45%, �4.12%]) decreased rapidly.

Males showed consistent higher risks of premature
mortality [95%CI] from CVDs (11.31% [11.25%,
11.37%] in 2013 to 10.77% [10.72%, 10.82%] in
2018) compared with females (6.44% [6.40%, 6.49%] in
2013 to 5.31% [5.27%, 5.35%] in 2018) during the
observation period. Although there was a decline in
premature mortality from most CVD subtypes in both
sexes, the extent of decrease varied (APC: �0.98% [95%
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Table 2: Trends in probability of premature deaths due to total and each subtype of CVDs in overall and sex�specific Chinese population aged
30 to 70 years, 2013 to 2018.

Probability of premature death (95% CI), %

Population In 2013 In 2014 In 2015 In 2016 In 2017 In 2018 APC (95% CI), %

Overall population
Total CVD 9.05 (9.02, 9.09) 8.79 (8.75, 8.82) 8.58 (8.55, 8.62) 8.42 (8.38, 8.45) 8.28 (8.25, 8.32) 8.13 (8.10, 8.16) �2.10 (�2.42, �1.77)
Heart disease 4.19 (4.17, 4.22) 4.09 (4.07, 4.12) 4.00 (3.98, 4.02) 3.96 (3.94, 3.98) 3.95 (3.93, 3.97) 3.94 (3.92, 3.97) �1.21 (�1.90, �0.52)

Ischemic heart disease 3.51 (3.49, 3.54) 3.48 (3.45, 3.50) 3.45 (3.42, 3.47) 3.46 (3.44, 3.48) 3.47 (3.45, 3.49) 3.48 (3.46, 3 .50) �0.14 (�0.54, 0.26)
Hypertensive heart disease 0.46 (0.45, 0.47) 0.38 (0.37, 0.39) 0.33 (0.33, 0.34) 0.03 (0.30, 0.31) 0.29 (0.28, 0.29) 0.28 (0.27, 0.28) �9.68 (�14.11, �5.25)
Rheumatic heart disease 0.15 (0.15, 0.16) 0.15 (0.15, 0.16) 0.14 (0.13, 0.14) 0.12 (0.12, 0.13) 0.12 (0.11, 0.12) 0.11 (0.10, 0.11) �6.78 (�9.45, �4.12)
Other heart disease 0.10 (0.09, 0.10) 0.11 (0.10, 0.11) 0.10 (0.10, 0.11) 0.09 (0.09, 0.10) 0.09 (0.09, 0.10) 0.10 (0.09, 0.10) �2.02 (�6.93, 2.89)

Cerebrovascular disease 4.89 (4.86, 4.92) 4.72 (4.69, 4.75) 4.62 (4.59, 4.64) 4.49 (4.47, 4.52) 4.37 (4.35, 4.40) 4.22 (4.19, 4.24) �2.85 (�3.10, �2.60)
Hemorrhagic stroke 2.88 (2.86, 2.91) 2.77 (2.75, 2.79) 2.65 (2.63, 2.67) 2.51 (2.50, 2.53) 2.40 (2.38, 2.42) 2.25 (2.24, 2.27) �4.91 (�5.43, �4.39)
Ischemic stroke 1.16 (1.14,1.17) 1.17 (1.16,1.19) 1.16 (1.14,1.17) 1.11 (1.10,1.13) 1.08 (1.07,1.10) 1.07 (1.06,1.08) �1.97 (�3.02, �0.91)
Unspecific stroke 0.18 (0.18, 0.19) 0.16 (0.16, 0.17) 0.15 (0.14, 0.15) 0.14 (0.13, 0.14) 0.13 (0.12, 0.13) 0.12 (0.12, 0.13) �7.77 (�8.76, �6.78)
Sequelae of stroke 0.41 (0.40, 0.42) 0.41 (0.40, 0.42) 0.47 (0.46, 0.48) 0.56 (0.55, 0.57) 0.62 (0.61, 0.63) 0.64 (0.63, 0.65) 10.41 (6.95, 13.86)
Hypertensive
encephalopathy

0.20 (0.20, 0.21) 0.17 (0.17, 0.18) 0.16 (0.16, 0.17) 0.15 (0.15, 0.16) 0.12 (0.12, 0.13) 0.11 (0.10, 0.11) �11.71 (�14.69, �8.73)

Other cerebrovascular
disease

0.12 (0.11, 0.12) 0.10 (0.09, 0.10) 0.09 (0.09, 0.09) 0.08 (0.07, 0.08) 0.08 (0.08, 0.09) 0.08 (0.08, 0.08) �8.04 (�12.97, �3.11)

Other CVD 0.19 (0.19, 0.20) 0.18 (0.18, 0.19) 0.16 (0.16, 0.17) 0.15 (0.15, 0.16) 0.15 (0.14, 0.15) 0.15 (0.14, 0.15) �5.12 (�8.17, �2.08)
Males
Total CVD 11.31 (11.25, 11.37)11.16 (11.1, 11.21)11.1 (11.05, 11.16)10.96 (10.91, 11.01)10.85 (10.8, 10.9)10.77 (10.72, 10.82) �0.98 (�1.10, �0.85)
Heart disease 5.27 (5.22, 5.31) 5.23 (5.20, 5.27) 5.22 (5.18, 5.26) 5.19 (5.16, 5.23) 5.21 (5.18, 5.25) 5.30 (5.26, 5.33) 0.03 (�0.54, 0.61)

Ischemic heart disease 4.49 (4.45, 4.52) 4.52 (4.49, 4.56) 4.57 (4.54, 4.61) 4.61 (4.57, 4.65) 4.64 (4.6, 4.67) 4.74 (4.70, 4.77) 1.02 (0.74, 1.31)
Hypertensive heart disease 0.56 (0.54, 0.57) 0.47 (0.46, 0.49) 0.42 (0.41, 0.43) 0.38 (0.37, 0.39) 0.37 (0.36, 0.38) 0.36 (0.35, 0.37) �8.65 (�12.62, �4.68)
Rheumatic heart disease 0.13 (0.12, 0.14) 0.13 (0.12, 0.14) 0.12 (0.11, 0.12) 0.11 (0.10, 0.11) 0.11 (0.10, 0.11) 0.10 (0.09, 0.10) �5.43 (�7.31, �3.55)
Other heart disease 0.13 (0.13, 0.14) 0.14 (0.13, 0.15) 0.14 (0.13, 0.15) 0.13 (0.12, 0.13) 0.13 (0.12, 0.13) 0.13 (0.13, 0.14) �0.85 (�3.43, 1.74)

Cerebrovascular disease 6.15 (6.10, 6.19) 6.04 (5.99, 6.08) 6.01 (5.97, 6.06) 5.89 (5.85, 5.93) 5.76 (5.73, 5.80) 5.59 (5.56, 5.63) �1.83 (�2.36, �1.30)
Hemorrhagic stroke 3.66 (3.63, 3.70) 3.55 (3.52, 3.58) 3.46 (3.42, 3.49) 3.29 (3.26, 3.32) 3.15 (3.12, 3.18) 2.98 (2.96, 3.01) �4.10 (�4.86, �3.35)
Ischemic stroke 1.46 (1.43, 1.48) 1.51 (1.49, 1.53) 1.52 (1.50, 1.54) 1.48 (1.46, 1.50) 1.45 (1.43, 1.47) 1.43 (1.41, 1.45) �0.72 (�2.17, 0.73)
Unspecific stroke 0.23 (0.22, 0.24) 0.21 (0.20, 0.22) 0.19 (0.19, 0.20) 0.19 (0.18, 0.19) 0.17 (0.16, 0.18) 0.17 (0.16, 0.17) �6.13 (�8.41, �3.85)
Sequelae of stroke 0.52 (0.50, 0.53) 0.53 (0.51, 0.54) 0.62 (0.61, 0.64) 0.74 (0.73, 0.76) 0.83 (0.82, 0.85) 0.87 (0.85, 0.88) 11.70 (8.47, 14.93)
Hypertensive
encephalopathy

0.25 (0.24, 0.26) 0.22 (0.22, 0.23) 0.22 (0.21, 0.22) 0.20 (0.19, 0.21) 0.16 (0.15, 0.17) 0.15 (0.14, 0.15) �10.30 (�14.13, �6.47)

Other cerebrovascular
disease

0.15 (0.14, 0.15) 0.13 (0.12, 0.13) 0.11 (0.11, 0.12) 0.10 (0.09, 0.10) 0.11 (0.10, 0.11) 0.10 (0.10, 0.11) �7.50 (�13.27, �1.73)

Other CVD 0.24 (0.23, 0.25) 0.23 (0.22, 0.24) 0.21 (0.20, 0.21) 0.20 (0.20, 0.21) 0.19 (0.18, 0.20) 0.20 (0.19, 0.21) �4.38 (�7.19, �1.57)
Females
Total CVD 6.44 (6.40, 6.49) 6.14 (6.09, 6.18) 5.93 (5.89, 5.98) 5.75 (5.71, 5.79) 5.58 (5.54, 5.62) 5.31 (5.27, 5.35) �3.66 (�4.10, �3.23)
Heart disease 2.97 (2.94, 3.01) 2.84 (2.81, 2.87) 2.74 (2.71, 2.77) 2.68 (2.65,2.71) 2.64 (2.61, 2.66) 2.52 (2.50, 2.55) �3.04 (�3.71, �2.37)

Ischemic heart disease 2.41 (2.38, 2.44) 2.33 (2.30, 2.36) 2.28 (2.25, 2.31) 2.27 (2.25, 2.30) 2.26 (2.23, 2.28) 2.16 (2.14, 2.19) �1.84 (�2.67, �1.00)
Hypertensive heart disease 0.34 (0.33, 0.36) 0.28 (0.27, 0.29) 0.25 (0.24, 0.25) 0.22 (0.21, 0.23) 0.20 (0.20, 0.21) 0.19 (0.18, 0.20) �11.56 (�14.51, �8.61)
Rheumatic heart disease 0.17 (0.17, 0.18) 0.17 (0.17, 0.18) 0.16 (0.15, 0.17) 0.14 (0.13, 0.14) 0.13 (0.12, 0.13) 0.12 (0.11, 0.13) �7.66 (�10.12, �5.19)
Other heart disease 0.06 (0.06, 0.07) 0.07 (0.06, 0.07) 0.06 (0.06, 0.07) 0.06 (0.06, 0.06) 0.06 (0.05, 0.06) 0.06 (0.05, 0.06) �1.32 (�5.62, 2.97)

Cerebrovascular disease 3.44 (3.41, 3.48) 3.27 (3.23, 3.30) 3.17 (3.14, 3.21) 3.05 (3.02, 3.08) 2.93 (2.90, 2.96) 2.77 (2.74, 2.80) �4.15 (�4.62, �3.67)
Hemorrhagic stroke 2.01 (1.98, 2.03) 1.91 (1.89, 1.94) 1.83 (1.80, 1.85) 1.72 (1.69, 1.74) 1.62 (1.60, 1.65) 1.49 (1.47, 1.51) �5.87 (�6.76, �4.97)
Ischemic stroke 0.82 (0.80, 0.84) 0.80 (0.78, 0.82) 0.79 (0.77, 0.80) 0.74 (0.73, 0.76) 0.71 (0.70, 0.73) 0.70 (0.68, 0.71) �3.47 (�4.47, �2.47)
Unspecific stroke 0.13 (0.12, 0.14) 0.11 (0.11, 0.12) 0.10 (0.09, 0.10) 0.09 (0.09, 0.10) 0.08 (0.08, 0.09) 0.08 (0.07, 0.08) �9.97 (�13.03, �6.91)
Sequelae of stroke 0.29 (0.28, 0.30) 0.29 (0.28, 0.30) 0.32 (0.31, 0.33) 0.38 (0.37, 0.39) 0.40 (0.39, 0.41) 0.41 (0.40, 0.42) 8.19 (4.96, 11.43)
Hypertensive
encephalopathy

0.15 (0.14, 0.16) 0.11 (0.11, 0.12) 0.11 (0.10, 0.12) 0.10 (0.10, 0.11) 0.08 (0.08, 0.09) 0.07 (0.07, 0.07) �13.89 (�18.80, �8.98)

Other cerebrovascular
disease

0.08 (0.08, 0.09) 0.07 (0.06, 0.07) 0.06 (0.06, 0.07) 0.05 (0.05, 0.06) 0.06 (0.05, 0.06) 0.05 (0.05, 0.06) �8.56 (�15.51, �1.60)

Other CVD 0.14 (0.13, 0.15) 0.13 (0.13, 0.14) 0.12 (0.11, 0.12) 0.10 (0.10, 0.11) 0.10 (0.10, 0.11) 0.10 (0.09, 0.10) �7.58 (�11.38, �3.77)

APC: Annual percentage change; CI: Confidence interval; CVD: Cardiovascular disease.
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CI: �1.10%, �0.85%]) in men and �3.66% [�4.10%,
�3.23%] in women, P< 0.001). Notably, we observed
steady reductions in probability of premature deaths due
to IS and IHD among women, whereas for men, the
probability remained unchanged for IS (APC: �0.72%
[95% CI: �2.17%, 0.73%]) and even increased for IHD
(APC:1.02% [95% CI: 0.74%, 1.31%]).
Decomposition of LE by age and CVD causes

LE at birth in China increased from 75.66 (75.56, 75.77)
years in 2013 to 77.04 (76.96, 77.12) years in 2018, of
which 25.08% were attributed to youths under 15 years,
32.60% toworking-age adults, and 42.32% to the elderly.
Generally, a remarkable reduction in CVD mortality
accounted for 0.29 years (21.15%) increase in longevity in
the overall Chinese population, which is predominantly
attributable to declines in cerebrovascular diseases (0.22
years, 16.32%). In the third level of cause hierarchy,
approximately 18.14%, 5.34%, and 3.11%of the gains in
2070
LE during 2013 to 2018 came from reductions in
mortality from HS, HHD, and hypertensive encephalopa-
thy, respectively, which accounted for most of the
contributions fromCVDs. Contrastingly, the contribution
of IS was quite limited (0.01 years, 1.08%), and the
relative impact of IHD (�0.04 years, �3.16%) and stroke
sequelae (�0.14 years, �9.90%) was even found to be
negative during 2013 to 2018 [Supplementary Table 6,
http://links.lww.com/CM9/B2; Table 3]. Similar patterns
were observed across age structures, whereas the contri-
bution of CVDs to longevity improvements increased
remarkably with age. For the population aged < 15 years,
only 2.14% (0.007 years) of gains in LE were achieved by
a reduction in CVD mortality, whereas it accounted for
20.60% (0.09 years) in the working-age and 32.83%
(0.19 years) in the elderly population [Supplementary
Table 7, http://links.lww.com/CM9/B2; Figure 2].

Heterogeneous age- and cause-specific contribution pat-
terns were observed between sexes. On average, women in
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Table 3: Age-and cause-specific contributions to life expectancy at birth in overall and sex-specific Chinese population, 2013 to 2018.

Contributions to gains in life expectancy at births from 2013 to 2018, years (%)

Parameters Overall population Males Females

Total 1.38 1.30 1.43
By age groups
Under 15 years 0.35 (25.08) 0.38 (29.30) 0.30 (21.18)
15–64 years 0.45 (32.60) 0.48 (36.99) 0.39 (27.27)
65 years and over 0.58 (42.32) 0.44 (33.71) 0.74 (51.54)

By causes
Total CVD 0.29 (21.15) 0.20 (15.27) 0.39 (27.01)
Heart disease 0.04 (2.95) �0.005 (�0.37) 0.09 (6.58)
Ischemic heart disease �0.04 (�3.16) �0.08 (�6.01) 0 (�0.002)
Hypertensive heart disease 0.07 (5.34) 0.07 (5.15) 0.08 (5.49)
Rheumatic heart disease 0.01 (0.79) 0.01 (0.65) 0.01 (0.98)
Other heart disease �0.001 (�0.06) �0.002 (�0.19) 0.001 (0.06)

Cerebrovascular disease 0.22 (16.32) 0.18 (13.97) 0.26 (18.37)
Hemorrhagic stroke 0.25 (18.14) 0.23 (17.44) 0.26 (18.32)
Ischemic stroke 0.01 (1.08) 0.01 (0.55) 0.02 (1.54)
Unspecific stroke 0.03 (2.44) 0.03 (2.09) 0.04 (2.80)
Sequelae of stroke �0.14 (�9.90) �0.14 (�10.59) �0.13 (�8.89)
Hypertensive encephalopathy 0.04 (3.11) 0.04 (2.98) 0.05 (3.20)
Other cerebrovascular disease 0.02 (1.33) 0.02 (1.33) 0.02 (1.32)

Other CVD 0.03 (1.88) 0.02 (1.66) 0.03 (2.06)

CVD: Cardiovascular disease.

Figure 2: Age- and cause-specific contributions to life expectancy at births in (A) overall and (B,C) sex-specific Chinese population, 2013 to 2018. CVD: Cardiovascular disease.
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China (from 78.69 [95%CI: 78.58, 78.79] years in 2013 to
80.12 [95%CI: 80.03, 80.20] years in 2018) were expected
to live>5 years longer compared tomen (from72.99 [95%
CI: 72.90, 73.11] years in 2013 to 74.29 [95%CI: 74.21,
74.39] years in 2018), and this disparityhaspersistedwith a
greater increase of LE in female individuals. In terms of
cause-specific decomposition, 27.01% (0.39 years) of gains
in LEwas attributed to declines inCVDmortality in females,
nearly double the corresponding contribution inmales (0.20
years, 15.27%). This difference was even more pronounced
within the working-age population. Decreased CVD mor-
tality infemalesof thatagehasmadeobviouscontributions to
LE improvements (0.15 years, 37.22%), much larger than
their male counterparts (0.04 years, 7.51%).
Discussion

In this paper, we provided up-to-date evidence on the
temporal trend in CVD mortality and its corresponding
impact on LE increase in China, with particular attention
paid to variations across age, sex, and CVD subtypes.
Between 2013 and 2018, significant declineswere observed
for both the age-standardizedmortality rates and probabil-
ity of premature deaths due to CVDs, which accounted for
21.25% of the total LE gains in China. In general, the
relative contribution of CVDs to longevity improvement
significantly increased with age, and it was relatively lower
for males than females due to slower decreases in CVD
mortality. Remarkable declines in HS accounted for the
greatest improvements in CVD mortality, along with
reductions inmost CVD subtypes. By contrast, the decrease
in IS mortality and its contribution to longevity improve-
mentwas quite limited, and anupward trend inmortality of
IHD and stroke sequelae were observed, which stunted the
increase in LE over the study period.

Substantial reduction of 22.3% in the age-standardized
mortality rate of HS, consistent with the recent Global
Burden of Disease (GBD) study and the 2017 nationwide
retrospective survey in China,[8,25] accounted for a major
decline in CVD mortality over the observation period.
This improvement could be attributed to both progress in
the control of risk factors and advances in health care
coverage and medical technology. For instance, benefiting
from the implementation of several nationwide projects,
including the community-based standardized blood
pressure management programs, the awareness and
control rates of hypertension improved greatly over the
last decade in China.[26] Moreover, stroke screening and
the intervention of high-risk population programs and
nationwide stroke center network set up by the govern-
ment have provided strong support for early diagnosis and
timely treatment, thus greatly reducing case fatality.[27]

The age-standardized mortality rate of RHDs continued
its steady downward trend through the past decades,
which to some extent reflected the improvement in life
quality, accessibility of appropriate care, and consistent
supply of quality-assured antibiotics in China.

By contrast, there was no such significant decline in the
age-standardized mortality rates of IS and IHD. Reasons
for this less optimistic situation of atherosclerotic CVD in
China were manifold, of which lifestyle transformation
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and the consequent increased metabolic risk factors might
be the two key drivers.[28] During the past decade, the
average intake of whole grain and fresh vegetables
continuously decreased in China, whereas the consump-
tion of animal-based food and oil grew tremendously.
Prevalence of hypercholesteremia and diabetes also
elevated rapidly, accompanied by low awareness, treat-
ment, and control rates, as well as declined physical
activity levels and increased rates of obesity.[29-31] In
addition to the inadequate control of risk factors for
atherosclerosis, a high proportion of out-of-hospital IHD
deaths due to delay of seeking medical treatment and
inadequate pre-hospital care remained an issue of concern
in China, which also hindered the reduction in IHD
mortality to a certain degree.[32,33]

Consistentwith previous provincialfindings,we observed a
notable increase in mortality rates from stroke sequelae,
which indicated an insufficient rehabilitation service in
China.[34] The importance of early rehabilitation has still
not been commonly understood by the general Chinese
population.Only 38.9%of stroke patients and their family
members were reported to realize the necessity of rehabili-
tation after suffering a stroke.[35] On the other hand,
although the Chinese government has launched a three-
stage rehabilitation network for stroke patients and
gradually established stroke units nationwide since the
early 2000s, a stereoscopic rehabilitation system, including
hospitals, communities, and nursing services, is not yet well
established.[36] It has been reported that about 30%to60%
of strokepatientshadnoaccess to rehabilitation inhospitals
and that only 20% of patients received rehabilitation after
hospital discharge.[27] More qualified post-stroke rehabili-
tation institutions andwell-trained rehabilitation therapists
are urgently needed in China, as well as better public health
education for the general population.

Furthermore, we noticed a sex difference in the declining
rate of CVD burden, which was most pronounced among
the working-age population. Despite the similar percent-
age reduction among the young and the elderly, CVD
mortality rates in females aged 15 to 64 years decreased
perceptibly by 17.57%over the study period, compared to
a 3.12% reduction observed in their male contemporaries.
The probability of premature CVD deaths declined by
3.66%/year among females,>3.5 times the rate of decline
of males, which indicates a higher unmet need for males to
achieve the target proposed by The Healthy China 2030
Initiative. This slower improvement in the CVD health of
working-age males was consistent with findings from
previous studies conducted in China[4,8,37,38] and world-
wide,[39] largely driven by unhealthy lifestyles and
subsequent metabolic disorders. In China, larger propor-
tions of males indulge in cigarette smoking and harmful
use of alcohol in comparison with females; the prevalence
of hypertension as well as diabetes is also higher among
males, and the gap is likely to expand further.[40-42]

Besides, longer working hours and increasing work stress
accompanied by rapid social and economic develop-
ment,[43] which seems to be more harmful to CVD health
in men, has also partly contributed to the disparity in CVD
mortality between sexes among the young and middle-
aged population.[44,45]
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Nationwide studies on age- and cause-specific contribu-
tions to LE are quite limited in China. The most recent
study based on the data from GBD 2016 reported that
people aged ≥65 years contributed 37.4% to the increased
LE during 2007 to 2016 in China, and the most prominent
driving force was reductions in mortality from CVD
(24.1%).[2] Consistently, our findings reflected the
accelerated demographic and epidemiological transition
taking place in China and unprecedentedly illustrated the
heterogeneity across CVD subtypes in relative contribu-
tions to longer lives. During 2013 to 2018, remarkable
declines in mortality from HS played an important role in
improvements of LE for both sexes, while the persistently
high mortality rates from IHD stunted improvements in
longevity, especially for males. It can be simply estimated
that if the probability of premature CVD deaths maintains
the current decline rather than remaining unchanged, an
extra gain in LE of 0.27 years for males and 0.50 years for
females would be achieved by 2030, mostly attributable to
declines in HS mortality. Moreover, if the probability of
premature CVD deaths could further decrease by 30% in
2030 in comparison with 2015 levels, males would obtain
an additional gain of 0.31 years over maintaining the
current APC, largely driven by more remarkable improve-
ments in IHDand stroke sequelae [Supplementary Table 8,
http://links.lww.com/CM9/B2].[46]

To the best of our knowledge, this study provided themost
recent and detailed estimates of burdens of CVDmortality
and their impacts on longevity in China. Based on the
integrated mortality database verified through multiple
sources of administrative records, we have made every
effort to avoid potential bias due to missing or delayed
death reports and estimated the rates of mortality with
higher accuracy. Furthermore, the consecutive and
detailed cause-specific mortality data derived from the
DSP system made it possible for us to depict a nationwide
picture representing the burden of total CVD and its
subtypes, providing more specific information on resource
allocation and priority setting in the healthcare system.
Additionally, previous studies have used cause-eliminated
life tables to evaluate the life-shortening effect of CVDs
under the assumption that all CVD deaths were
avoided.[14] This method, however, does not actually
reflect the potential influence of contemporary changes in
mortality from other causes. Instead, we adopted a more
comparative decomposition method, which quantified the
relative contributions of CVDs to LE improvements in the
real situation where changes in mortality from other
causes were also taken into consideration.[47]

This study also has some limitations. To date, the Chinese
government has yet to establish a complete vital
registration system for its entire population. Although
we adopted the most comprehensive available data, the
CVD specific mortality rates reported in our study were
still approximately estimated using the death distribution
method, consistent with previous publications.[20,48] The
exclusion of 10 out of 605 DSP sites with incomplete data
could also result in a biased estimation. Further, death
certificate data were subject to miscoding and misclassi-
fication, and thus the temporal trends might be affected
by improvement in quality of registry on mortality
2073
causes. However, no significant changes were observed in
the sensitivity analyses conducted for all 605 sites.
Moreover, each certification was checked by both
qualified health workers and the automatic online coding
system, and the garbage codes were redistributed before
analyses; hence, it is unlikely to substantially alter the
general CVD mortality trends over the observation
period. Besides, the absence of valid historical data
limited our ability to further explore longer temporal
patterns of CVD mortality. Studies based on more recent
evidence are also needed to evaluate the influence of the
latest measurements on CVD prevention and control,
including the establishment of a pre-hospital medical
emergency network and the continuous improvement of
stroke and chest pain centers.[49]

In conclusion, we observed a stable decline in the burden of
overall CVD mortality during 2013 to 2018 in China,
catalyzed by a remarkable reduction in HS, a decreased
predominance ofHSover IS, an unimproved trend for IHD,
andarapid increase instrokesequelae.Althoughthegeneral
CVD mortality reduction has led to more than one-fifth of
the total increase in LE over the study period, the annual
rates of decline are still inadequate to meet the targets for
CVDmortalityreduction,which indicatesapressingneed to
improve CVD health of the Chinese population, especially
for working-age males. Given the rapid process of
population ageing, special concerns should also be given
to healthmaintenance for the elderly to ensure a sustainable
increase in LE. Controlling modifiable lifestyle and
metabolic risk factors of CVDs, improving pre-hospital
emergency care for IHD, and strengthening rehabilitation
therapy for stroke survivors are critical interventions in
addressing the worrisome CVD burdens in China.
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