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Background Cardiovascular disease (CVD) is the leading cause of death (COD) in China. Understanding the charac-
teristics of place of death (POD) among CVD deaths would be of great importance to evaluate the healthcare service
utilization at the end stage of life. Limited studies have reported the POD distribution among CVD deaths, and little
was known about the associated factors of hospital CVD deaths.

Methods By using data from National Mortality Surveillance System (NMSS) in China, this study presented the
characteristics of POD distribution during 2008 and 2020. Afterwards, multilevel logistic regression was used to
explore associated factors of hospital CVD deaths and quantify the magnitude to which the spatial variations of hos-
pital CVD deaths could be explained by those associated factors.

Findings During 2008-2020, there was 7101871 CVD deaths collected by NMSS in China, with 77¢13% home deaths
and 18¢49% hospital deaths. Shanghai (59¢40%) had the highest percentage of hospital CVD deaths. Age, sex, eth-
nicity, marital status, education, occupation, underlying COD were significant influential factors of hospital CVD
deaths. Spatial variations were shown at provincial level, with 33¢88% of them being explained by factors at individ-
ual level.

Interpretation Home was the leading POD among CVD deaths in China, those CVD decedents characterized as the
female, the youngest, Han population, the married, the retiree, lived in urban areas, with higher socioeconomic sta-
tus and died of chronic CVDs had a higher probability of hospital deaths. Providing accessible and available health-
care services were priorities to improve quality of end-of-life care, significant variations among provinces and sub-
population also reminded us of the requirements for equal healthcare resources allocation and multiple options for
minorities of POD preference at the end stage of life.
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Introduction
Cardiovascular disease (CVD) is the largest single con-
tributor to global mortality and the leading cause of death
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(COD) in China that accounts for 40% of total deaths.1 In
2019, it was reported that there was 4¢58 million CVD
deaths and 120¢33 million CVD patients in China, which
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Research in context

Evidence before this study

We used the key words “place of death”, “place of car-
diovascular disease deaths”, “trends of place of death”,
“spatial variations of place of death”, “associated factors
of place of death”, “place of death and end-of-life care”
and “epidemiology” to search PubMed, Science Direct,
Web of Science, and the official websites of the Chinese
Government and other institutions for studies and
reports on place of death (POD) and POD among cardio-
vascular disease (CVD) deaths in China published in
English or Chinese until July 31, 2021. Although previous
researches have showed that over 70% deaths occurred
at home, limited domestic studies were observed to
report neither the spatial variations of POD distribution
nor the associated factors of hospital deaths, especially
among CVD decedents.

Added value of this study

China National Mortality Surveillance System (NMSS) is
the most populous mortality surveillance system world-
wide and the only one with provincial representative-
ness which covers over 300 million individuals
(accounts for 24% of total Chinese population) from 31
provinces. By using data collected by NMSS, for the first
time, this study comprehensively presented the POD
distribution among CVD deaths and explored associated
factors of hospital CVD deaths from both individual and
regional level. Our study found that home was the lead-
ing POD among CVD deaths in China, which showed
much disparities compared with western countries.
Demographics and individual socioeconomic status
explained majority of spatial variations rather than socio-
economic contextual factors among hospital CVD
deaths, significant variations among provinces and sub-
population were also observed.

Implications of all the available evidence

Evidence from our study indicated that, first, expanding
medical and healthcare capacities, elevating efficiency and
effectiveness of clinical interventions should be the priori-
ties, especially for acute and severe CVD patients. Second,
substantial provincial variations of POD distribution indi-
cated the disparities existed in medical and healthcare
resources allocation, which make the requests of tailoring
regional-specific strategies to bridge the gap between dif-
ferent provinces and urban/rural areas. Third, personalized
humanistic care should be provided for those ethnic
groups in accordance with their cultural belief, and various
options and additional supports should be developed to
those vulnerable population for accessible and affordable
healthcare services. Finally, enabling the concept of filial
piety to establish an integrity of clinical care and commu-
nity-based or home-based care to formulate long-term
care system that supports informal care. Those experiences
should also be evaluated and could be generalized to
other developing countries.
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have caused heavy strain to health care system.2,3 World-
wide, place of death (POD) has been considered as a valid
indicator of care provided during the end-of-life (EOL)
and outcome measure of healthcare services.4 China is
the most populous developing country in the world with
a very distinct culture and health care system.4 Therefore,
understanding the characteristics of POD patterns and its
associated factors would help us to evaluate the health-
care services utilization and unveil the mechanisms that
determine POD among CVD deaths in China.4,5

Overseas, existed studies have reported POD distribu-
tion and its associated factors among patients died of dif-
ferent COD, such as CVD,6 cancer,5 dementia7 and
pediatric diseases.8 They have found that most of deaths
occurred in hospitals, home, nursing homes or hospice
facilities, and POD were usually affected by demographics,
personal preferences, disease-related factors and socioeco-
nomic contextual factors.9,10 In China, Zhou,11,12 Jiang,13

Li14 and Gu4 have found home was the leading POD. Yet,
to date, there have been limited domestic in-depth updates
concerning the associated factors of POD or hospital
deaths, especially among CVD deaths.11,12 Thus, in this
population-based study, we presented findings by using
data from National Mortality Surveillance System (NMSS)
in China during 2008-2020, aimed to (i) describe the
POD distribution among CVD deaths; (ii) explore the asso-
ciated factors of hospital CVD deaths and provide reason-
able explanations of their associations.
Methods

Data sources
Data for CVD deaths was extracted from NMSS housed
in Chinese Center for Disease Control and Prevention
(China CDC). NMSS was initiated in 1978 with 2 polit
surveillance points in Beijing, while the urban areas were
defined as districts and the rural areas were defined as
counties, the Disease Surveillance Point system (DSPs)
was subsequently established in 1990 with 79 points cov-
ering 10 million population and expanded in 2004 with
161 points covering 73 million population. In 2013, the
National Health and Family Planning Commission (pre-
viously known as Ministry of Health) combined DSPs in
China CDC and Vital Registration (VR) system hosted by
Ministry of Health to create an integrated NMSS. As the
most populous mortality surveillance system worldwide
and the only one with provincial representativeness in
China, NMSS covers over 300 million individuals from
605 surveillance points in 31 provinces that accounts for
24% of population, and routinely collects individual
details of death information in real time through an
internet-based approach. Detailed descriptions of NMSS
representativeness determination, surveillance points
selection, death information collection, coding and deter-
mining underlying COD as well as quality control proce-
dures of NMSS, have been reported elsewhere.15
www.thelancet.com Vol 21 Month April, 2022
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Participants
Data quality control. In order to ensure the reliability
and validity of data from NMSS, we have reviewed,
compared and evaluated the data quality nationally
and in each of the surveillance point to exclude certain
points which was considered to be seriously under-
reported and might affect overall results. We made the
crude mortality rate of lower than 4¢5% as exclusion
criteria for those points belongs to VR system and
DSPs earlier than 2012. Since 2013, we made the crite-
ria of 5%.16 We also excluded death cases with miss-
ing values of key indicators like POD, sex and age.
Mortality data extraction. Underlying COD in NMSS
was recorded by using International Classification of
Disease 10th Edition (ICD-10). All deaths between
2008 and 2020 where CVD was identified as underly-
ing COD were extracted. We classified total CVD as
rheumatic heart disease (RHD), hypertensive heart dis-
ease (HHD), ischemic heart disease (IHD), stroke,
myocarditis and myocardial disease (MMD), aortic
aneurysm (AA) and other CVDs. Further, we divided
IHD into acute myocardial infarction (AMI) and
chronic ischemic heart disease (CIHD), stroke into
hemorrhagic stroke (HS) and ischemic stroke (IS) for
CVD subcategory analysis. Detailed of included num-
ber of surveillance points from NMSS and CVD deaths
was reported in Table S1, the CVD classification and its
ICD-10 codes was reported in Tables S2 in the Supple-
mentary Material.
Variables. We grouped POD of CVD deaths into five
categories: hospitals, home, nursing homes, on the
way to hospitals and others/unknown. For explanatory
variables, we included: location (which we defined dis-
tricts as urban areas and counties as rural areas), dem-
ographics (sex, age, ethnicity, marital status),
socioeconomic status (SES, including the level of edu-
cation attainment and occupation), disease-related fac-
tors (underlying COD, highest diagnostic institutions,
highest diagnosis basis). We analyzed age (years old)
as an ordered four category (0-14, 15-64, 65-84, 85 and
above) rather than a continuous variable to facilitate
interpretation and comparison with other studies.5,6,17

Besides, socioeconomic contextual factors at provincial
level were included and were classified by four quar-
tiles during 2008-2020: region (western, central and
eastern), per capita gross domestic product (GDP,
10000 yuan per person), average years of education
attainment (years), number of beds in healthcare insti-
tutions per 100000 persons (units). For GDP at pro-
vincial level, in the consideration of discount rate
during the study period, we used a 3% (0-6% for rec-
ommended range) discount rate to translate cash
www.thelancet.com Vol 21 Month April, 2022
(GDP) at the end of each time point (from 2009 to
2020) into present value in 2008.18 We also included a
dummy variable to examine the change before and
after NMSS expansion in 2013.
Statistical analysis
We first presented POD distribution among CVD
deaths by important characteristics during 2008-2020.
We used x2 test to compare the differences of character-
istics distribution among nominal categories and logis-
tic regression to test their trends for ordered variables.
Subsequently, we conducted multilevel logistic regres-
sion to explore the individual factors and socioeconomic
contextual correlates of hospital CVD deaths, thus we
defined home, nursing homes, on the way to hospitals
and others/unknown as “out-of-hospital CVD deaths”.
Several models were constructed separately. First, a
two-level null model (Model 1) that included fixed and
random intercepts was fitted to investigate spatial varia-
tions across multiple scales, among which, random
intercepts accounted for the clustering of participants
(level 1) within provinces (level 2). Random effects at
individual level thus were translated into median odds
ratio (MOR) which indicated median value of the odds
between the area with the highest outcome probability
and the area with the lowest.19 To explore to what extent
those personal and contextual factors explained the spa-
tial variations of hospital CVD deaths, demographics
(Model 2), SES (Model 3), underlying COD (Model 4)
and contextual phenomena (Model 5) were stepwise
entered into the multilevel logistic model and the pro-
portional change in variance (PCV) was calculated for
each step. PCV reflects the proportion of variation that
can be explained by newly-added variables to the
model.20-22 Afterwards, we added two-way interaction
terms of individual level factors and separate provincial
level characteristics to the models to examine whether
the effects of contextual variables on hospital CVD
deaths were modified by personal variables (Model
6).23,24 For detailed CVD subcategories, we performed a
similar analysis among IHD and stroke deaths specifi-
cally to identify associated factors in two leading causes
of CVD deaths. A P value<0¢05 was considered statisti-
cally significant and all tests were two sided. The analy-
sis was performed in SAS 9¢4 (SAS Institute Inc., Cary,
North Carolina USA).25
Role of the funding source
The funders of the study have no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding authors have
full access to all the data in the study and have final
responsibility for the decision to submit for publication.
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Characteristics Total (Death counts
(person), %)

Medical and healthcare institutions
(Death counts (person), %)

Out of medical and healthcare institutions (Death counts (person), %)

Home Nursing homes On the way to hospitals Others/Unknown

Total 7101871 (100¢00) 1312850 (18¢49) 5477427 (77¢13) 119896 (1¢69) 80578 (1¢13) 111120 (1¢56)
Location

Rural 4972998 (70¢02) 695221 (52¢96) 4083287 (74¢55) 86134 (71¢84) 34430 (42¢73) 73926 (66¢53)
Urban 2128873 (29¢98) 617629 (47¢04) 1394140 (25¢45) 33762 (28¢16) 46148 (57¢27) 37194 (33¢47)
P for difference

b <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001
Region a

Western 1669095 (23¢50) 256303 (19¢52) 1340500 (24¢47) 26219 (21¢87) 13715 (17¢02) 32358 (29¢12)
Central 2672896 (37¢64) 549425 (41¢85) 2002981 (36¢57) 56582 (47¢19) 25788 (32¢00) 38120 (34¢31)
Eastern 2759880 (38¢86) 507122 (38¢63) 2133946 (38¢96) 37095 (30¢94) 41075 (50¢98) 40642 (36¢57)
P for difference <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001

Sex

Male 3860831 (54¢36) 771294 (58¢75) 2891030 (52¢78) 73731 (61¢50) 46523 (57¢74) 78253 (70¢42)
Female 3241040 (45¢64) 541556 (41¢25) 2586397 (47¢22) 46165 (38¢50) 34055 (42¢26) 32867 (29¢58)
P for difference <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001

Age groups, years old

0-14 3721 (0¢05) 2068 (0¢16) 1043 (0¢02) 335 (0¢28) 1 (0¢00) 274 (0¢25)
15-64 1331828 (18¢75) 350745 (26¢72) 874114 (15¢96) 43117 (35¢96) 10281 (12¢76) 53571 (48¢21)
65-84 4004276 (56¢38) 707383 (53¢88) 3151142 (57¢53) 59445 (49¢58) 42569 (52¢83) 43737 (39¢36)
85 and above 1762046 (24¢81) 252654 (19¢24) 1451128 (26¢49) 16999 (14¢18) 27727 (34¢41) 13538 (12¢18)
P for trend

c <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001
Ethnicity

Han 6681073 (94¢07) 1256756 (95¢73) 5134034 (93¢73) 112926 (94¢19) 74500 (92¢46) 102857 (92¢56)
Other ethnics 420798 (5¢93) 56094 (4¢27) 343393 (6¢27) 6970 (5¢81) 6078 (7¢54) 8263 (7¢44)
P for difference <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001

Marital status

Married 4460593 (62¢81) 961501 (73¢24) 3311712 (60¢46) 88165 (73¢53) 25329 (31¢43) 73886 (66¢49)
Unmarried 194097 (2¢73) 37993 (2¢89) 130946 (2¢39) 3633 (3¢03) 13327 (16¢54) 8198 (7¢38)
Widowed/Divorced 2397127 (33¢75) 304469 (23¢19) 2002333 (36¢56) 27247 (22¢73) 40927 (50¢79) 22151 (19¢93)
Unknown 50054 (0¢70) 8887 (0¢68) 32436 (0¢59) 851 (0¢71) 995 (1¢23) 6885 (6¢20)
P for difference <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001

Table 1 (Continued)
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Characteristics Total (Death counts
(person), %)

Medical and healthcare institutions
(Death counts (person), %)

Out of medical and healthcare institutions (Death counts (person), %)

Home Nursing homes On the way to hospitals Others/Unknown

Education

Junior high school and below 6451663 (90¢84) 1021065 (77¢77) 5170385 (94¢39) 99515 (83¢00) 70497 (87¢49) 90201 (81¢17)
Senior high school 529794 (7¢46) 222315 (16¢93) 265834 (4¢85) 17200 (14¢35) 7394 (9¢18) 17051 (15¢34)
College and above 120414 (1¢70) 69470 (5¢29) 41208 (0¢75) 3181 (2¢65) 2687 (3¢33) 3868 (3¢48)
P for trend <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001

Occupation

Agricultural-related personnel 5253275 (73¢97) 568941 (43¢34) 4505919 (82¢26) 80973 (67¢54) 30332 (37¢64) 67110 (60¢39)
Retired 611319 (8¢61) 274054 (20¢87) 299824 (5¢47) 9229 (7¢70) 21212 (26¢32) 7000 (6¢30)
Unemployment/Student 409474 (5¢77) 122344 (9¢32) 260643 (4¢76) 8542 (7¢12) 9511 (11¢80) 8434 (7¢59)
Worker/Self-employed/Enterprise manager 319004 (4¢49) 135422 (10¢32) 155978 (2¢85) 9294 (7¢75) 6661 (8¢27) 11649 (10¢48)
Professional/Staff/Civil servant 132868 (1¢87) 67153 (5¢12) 55276 (1¢01) 4065 (3¢39) 1955 (2¢43) 4419 (3¢98)
Others/Unknown 375931 (5¢29) 144936 (11¢04) 199787 (3¢65) 7793 (6¢50) 10907 (13¢54) 12508 (11¢26)
P for difference <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001

Underlying cause of death

Rheumatic heart disease 95272 (1¢34) 17546 (1¢34) 74826 (1¢37) 1255 (1¢05) 472 (0¢59) 1173 (1¢06)
Hypertensive heart disease 404892 (5¢70) 47809 (3¢64) 341582 (6¢24) 5871 (4¢90) 4467 (5¢54) 5163 (4¢65)
Ischemic heart disease 2569847 (36¢19) 517092 (39¢39) 1920166 (35¢06) 53946 (44¢99) 30537 (37¢90) 48106 (43¢29)
Stroke 3213270 (45¢25) 564317 (42¢98) 2528016 (46¢15) 43666 (36¢42) 37242 (46¢22) 40029 (36¢02)
Myocarditis and myocardial disease 12672 (0¢18) 2876 (0¢22) 9208 (0¢17) 315 (0¢26) 31 (0¢04) 242 (0¢22)
Aortic aneurysm 15750 (0¢22) 11699 (0¢89) 3526 (0¢06) 273 (0¢23) 35 (0¢04) 217 (0¢20)
Other cardiovascular diseases 790168 (11¢13) 151511 (11¢54) 600103 (10¢96) 14570 (12¢15) 7794 (9¢67) 16190 (14¢57)
P for difference <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001

Highest diagnostic institutions

Village clinics 1302619 (18¢34) 162073 (12¢35) 1086865 (19¢84) 29283 (24¢42) 8924 (11¢07) 15474 (13¢93)
Primary institutions 3024159 (42¢58) 530942 (40¢44) 2378482 (43¢42) 47212 (39¢38) 25749 (31¢96) 41774 (37¢59)
Secondary institutions 1892106 (26¢64) 592140 (45¢10) 1208397 (22¢06) 27050 (22¢56) 37982 (47¢14) 26537 (23¢88)
Tertiary institutions 489988 (6¢90) 20685 (1¢58) 453089 (8¢27) 8919 (7¢44) 1263 (1¢57) 6032 (5¢43)
Other institutions 41330 (0¢58) 5201 (0¢40) 28031 (0¢51) 720 (0¢60) 2083 (2¢59) 5295 (4¢77)
Undiagnosed 351669 (4¢95) 1809 (0¢14) 322563 (5¢89) 6712 (5¢60) 4577 (5¢68) 16008 (14¢41)
P for difference <0¢001 <0¢001 <0¢001 <0¢001 <0¢001 <0¢001

Table 1 (Continued)
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Results

Characteristics of POD distribution among CVD deaths
During 2008-2020, as shown in Table 1, there were
7101871 CVD deaths collected by NMSS, among them,
home was the leading POD (77¢13%), followed by hospi-
tals (18¢49%) and nursing homes (1¢69%). Meanwhile,
the disparities of POD distribution among those CVD
deaths by important characteristics was also presented
in Table 1, and all of them showed significant differen-
ces between each group. In 2020, for CVD subcatego-
ries specifically, IHD and stroke were two leading
causes of CVD deaths, with substantial provincial varia-
tions between male and female, urban and rural popula-
tion (Figure S1 in the Supplementary Materials).
Nationwide, as shown in Figure 1 and Figure 2, in
2020, the percentage of home deaths increased with
age and reached its peak among 100 years old and
above (83¢68%). Patients died of HHD (85¢67%) had
the highest proportion of home deaths while AA
(71¢57%) were highest in hospital deaths. Shanghai
(59¢40%) and Beijing (50¢32%) were top two provinces
with highest proportion of hospital deaths, on the con-
trary, Fujian (93¢14%) and Hainan (90¢97%) had the
highest proportion of home deaths. Apart from these,
female CVD patients and those who lived in urban areas
showed a relatively higher proportion of hospital deaths
compared with their counterparts in each of the charac-
teristics. During 2008-2020, the time trends of POD
distribution were observed to be nearly unchanged in
the aspects of age groups, CVD and its main subcatego-
ries as well as provinces (Figure 1, Figure 2, and Figure
S3-1 to Figure S3-7 in the Supplementary Materials). We
also added a choropleth map to demonstrate spatial var-
iations of average percentage of hospital CVD deaths
during 2008 and 2020 (Figure S4 in the Supplemen-
tary Materials).
Associated factors of hospital CVD deaths
During 2008-2020, multilevel modelling results dem-
onstrated that differences of demographics (age, sex,
ethnicity, marital status) and individual SES (education,
occupation) substantially contributed to explain 33¢88%
of spatial variations among hospital CVD deaths below
province scale when compared Model 1 with Model 3
(Table 2), meanwhile, the result of MOR of Model 3
(1¢73, greater than 1) also indicated significant regional
variations and helped to explain individual differences
in POD. In Model 5, 29¢95% of the variation (the MOR
was 1¢76) were explained by both individual factors and
contextual factors like GDP, average years of education
attainment and number of beds in healthcare institu-
tions locally. Specifically, CVD patients who were
female (OR: 1¢08, 95%CI:1¢07-1¢08), with higher level
of education attainment (OR: 1¢92, 95%CI: 1¢90-1¢95),
the retired personnel (OR: 5¢62, 95%CI:5¢58-5¢66), died
www.thelancet.com Vol 21 Month April, 2022



Figure 2. Percentage of POD distribution among CVD deaths from NMSS in China, by rurality status.
(A) Percentage of POD among CVD deaths in China, 2008-2020; (B) Percentage of POD among CVD deaths in China, by age, 2020;

(C) Percentage of POD among CVD deaths in China, by CVD subcategories, 2020; (D) Percentage of POD among CVD deaths in
China, by province, 2020.

Figure 1. Percentage of POD distribution among CVD deaths from NMSS in China, by sex.
(A) Percentage of POD among CVD deaths in China, 2008-2020; (B) Percentage of POD among CVD deaths in China, by age, 2020;

(C) Percentage of POD among CVD deaths in China, by CVD subcategories, 2020; (D) Percentage of POD among CVD deaths in
China, by province, 2020.
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Figure 3. Associated factors of hospital IHD and stroke deaths in China, 2008-2020: estimated from multilevel logistics regression
(A) Ischemic heart disease; (B) Stroke.
Abbreviations: OR, odds ratio; CI, confidence interval; Q1, 1st quantile; Q2, 2nd quantile; Q3, 3rd quantile; Q4, 4th quantile
a *P<0.05. b Region: Western: Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai,

Ningxia, Xinjiang; Central: Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan; Eastern: Beijing, Tianjin, Hebei, Liaoning,
Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, Hainan.
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of AA (OR: 7¢03, 95%CI:6¢73-7¢34), lived in the central
areas of the country (OR: 1¢26, 95%CI: 0¢73-2¢20) have
higher probability of dying in hospitals compared with
their counterparts. Besides, the probability of hospital
CVD deaths was lower among those unmarried (OR:
0¢90, 95%CI: 0¢89-0¢91) and widowed/divorced (OR:
0¢59, 95%CI: 0¢58-0¢59) population compared with
the married, and ethnic minorities (OR: 0¢74,
95%CI:0¢73-0¢75) were also estimated to have lower
odds of dying in hospitals. In Model 6, a comparatively
higher level of GDP was estimated to still positively
associated with hospital CVD deaths, and this relation-
ship was increased by adding up individual SES (GDP
at its Q2 increased from OR: 1¢12, 95%CI:1¢11-1¢14 to
OR: 1¢14, 95%CI:1¢12-1¢15). Besides, all models also
examined a nearly unchanged odds (OR: 0¢99,
95%CI:0¢98-1¢00) of hospital CVD deaths nationally
over time, and NMSS expansion in 2013 increased the
probability of reporting hospital deaths (OR: 1¢22,
95%CI: 1¢21-1¢24). Additionally, we used Model 6 to
further explore the associations between factors and
hospital IHD and stroke deaths (Figure 3), and the
magnitude of correlations was estimated to be similar
with that of total CVD deaths. Compared with CIHD
and IS patients, AMI (OR: 0¢76, 95%CI: 0¢76-0¢77)
and HS (OR: 0¢75, 95%CI: 0¢71-0¢79) patients have
lower odds of dying in hospitals.
Discussion
In this population-based study, by using data from
NMSS in China, we demonstrated the distribution of
POD among CVD deaths and explored the associated
factors of hospital CVD deaths. We found that during
2008-2020, home was the leading POD among CVD
deaths, meanwhile, those CVD decedents characterized
as the female, the youngest, Han population, the mar-
ried, the retiree, lived in urban areas, with higher level
of SES and died of chronic CVD, were reported to have
a higher probability of dying in hospitals than their
counterparts.
Home was the leading POD among CVD deaths
During 2008-2020, it was demonstrated that home was
the leading POD among CVD deaths (higher than 70%)
in China, followed by hospital deaths (lower than 20%),
which showed that there were no obvious change of
POD distribution in comparison with the 3rd national
retrospective COD sample survey from 2004 to 2005 in
China, indicating that our study could be regarded as an
update information in describing POD pattern during
past decade.11,12 However, the findings we concluded
were markedly different from those in other developed
countries. For example, by using Mortality Multiple
Cause-of-Death Public Use Record from Nation Center
www.thelancet.com Vol 21 Month April, 2022



Factors Model 1 OR (95%CI) Model 2 OR (95%CI) Model 3 OR (95%CI) Model 4 OR (95%CI) Model 5 OR (95%CI) Model 6 OR (95%CI)

Fixed effect

Constant 0¢20 (0¢16-0¢26) * 0¢32 (0¢25-0¢40) * 0¢17 (0¢14-0¢21) * 0¢15 (0¢12-0¢18) * 0¢14 (0¢10-0¢19) * 0¢14 (0¢10-0¢20) *
Year (2008-2020) − 0¢99 (0¢99-1¢00) * 0¢99 (0¢98-1¢00) * 0¢99 (0¢99-0¢99) * 0¢99 (0¢99-1¢00) * 0¢99 (0¢98-1¢00) *
NMSS expansion (Reference: Before 2013)

After 2013 − 1¢14 (1¢13-1¢15) * 1¢20 (1¢19-1¢21) * 1¢20 (1¢19-1¢21) * 1¢22 (1¢20-1¢23) * 1¢22 (1¢21-1¢24) *
Location (Reference: Rural)

Urban − 2¢40 (2¢38-2¢41) * 1¢24 (1¢24-1¢25) * 1¢24 (1¢23-1¢25) * 1¢24 (1¢23-1¢25) * 1¢24 (1¢23-1¢25) *
Sex (Reference: Male)

Female − 0¢94 (0¢94-0¢95) * 1¢08 (1¢07-1¢08) * 1¢08 (1¢07-1¢08) * 1¢08 (1¢07-1¢08) * 1¢08 (1¢07-1¢08) *
Age groups, years old (Reference: 0-14)

15-64 − 0¢18 (0¢17-0¢19) * 0¢40 (0¢37-0¢43) * 0¢46 (0¢43-0¢50) * 0¢46 (0¢43-0¢49) * 0¢46 (0¢43-0¢49) *
65-84 − 0¢12 (0¢11-0¢13) * 0¢27 (0¢25-0¢29) * 0¢31 (0¢29-0¢33) * 0¢31 (0¢29-0¢33) * 0¢31 (0¢29-0¢33) *
85 and above − 0¢10 (0¢09-0¢11) * 0¢22 (0¢20-0¢23) * 0¢25 (0¢24-0¢27) * 0¢25 (0¢24-0¢27) * 0¢25 (0¢24-0¢27) *

Ethnicity (Reference: Han)

Other ethnics − 0¢72 (0¢71-0¢73) * 0¢74 (0¢73-0¢75) * 0¢74 (0¢74-0¢75) * 0¢74 (0¢73-0¢75) * 0¢74 (0¢73-0¢75) *
Marital Status (Reference: Married)

Unmarried − 0¢79 (0¢78-0¢80) * 0¢90 (0¢89-0¢91) * 0¢90 (0¢89-0¢91) * 0¢90 (0¢89-0¢91) * 0¢90 (0¢89-0¢91) *
Widowed/Divorced − 0¢57 (0¢57-0¢57) * 0¢58 (0¢58-0¢59) * 0¢59 (0¢58-0¢59) * 0¢59 (0¢58-0¢59) * 0¢59 (0¢58-0¢59) *
Unknown − 0¢78 (0¢76-0¢79) * 0¢72 (0¢71-0¢74) * 0¢73 (0¢71-0¢74) * 0¢73 (0¢71-0¢74) * 0¢73 (0¢71-0¢75) *

Education (Reference: Junior high school and below)

Senior high school − − 1¢57 (1¢56-1¢58) * 1¢56 (1¢55-1¢57) * 1¢56 (1¢55-1¢57) * 1¢56 (1¢55-1¢57) *
College and above − − 1¢94 (1¢92-1¢97) * 1¢92 (1¢90-1¢95) * 1¢92 (1¢90-1¢95) * 1¢92 (1¢89-1¢95) *

Occupation (Reference: Agricultural-related personnel)

Retired − − 5¢66 (5¢62-5¢70) * 5¢62 (5¢58-5¢66) * 5¢62 (5¢58-5¢66) * 5¢57 (5¢53-5¢61) *
Unemployment/Student − − 3¢21 (3¢19-3¢24) * 3¢19 (3¢17-3¢22) * 3¢19 (3¢17-3¢22) * 3¢21 (3¢18-3¢23) *
Worker/Self-employed/Enterprise manager − − 4¢20 (4¢16-4¢23) * 4¢16 (4¢12-4¢20) * 4¢16 (4¢12-4¢20) * 4¢20 (4¢17-4¢24) *
Professional/Staff/Civil servant − − 4¢85 (4¢79-4¢92) * 4¢81 (4¢74-4¢87) * 4¢81 (4¢74-4¢87) * 4¢87 (4¢81-4¢93) *
Others/Unknown − − 3¢81 (3¢78-3¢84) * 3¢78 (3¢75-3¢81) * 3¢79 (3¢76-3¢82) * 3¢79 (3¢75-3¢82) *

Underlying cause of death (Reference: Rheumatic heart

disease)

Hypertensive heart disease − − − 0¢63 (0¢62-0¢64) * 0¢63 (0¢62-0¢64) * 0¢63 (0¢62-0¢65) *
Ischemic heart disease − − − 0¢85 (0¢84-0¢87) * 0¢85 (0¢84-0¢87) * 0¢85 (0¢84-0¢87) *
Stroke − − − 0¢82 (0¢80-0¢83) * 0¢82 (0¢80-0¢83) * 0¢82 (0¢80-0¢83) *
Myocarditis and myocardial disease − − − 1¢17 (1¢11-1¢23) * 1¢16 (1¢11-1¢23) * 1¢16 (1¢10-1¢22) *
Aortic aneurysm − − − 7¢02 (6¢72-7¢34) * 7¢03 (6¢73-7¢34) * 7¢05 (6¢75-7¢37) *
Other cardiovascular diseases − − − 0¢98 (0¢96-1¢00) * 0¢98 (0¢96-1¢00) * 0¢98 (0¢96-1¢00) *

Table 2 (Continued) A
rticles

w
w
w
.th

elan
cet.com

V
ol21

M
on

th
A
p
ril,2022

9



Factors Model 1 OR (95%CI) Model 2 OR (95%CI) Model 3 OR (95%CI) Model 4 OR (95%CI) Model 5 OR (95%CI) Model 6 OR (95%CI)

Region (Reference: Western)

Central − − − − 1¢26 (0¢73-2¢20) 1¢26 (0¢74-2¢17)
Eastern − − − − 0¢99 (0¢60-1¢65) 0¢97 (0¢59-1¢59)

GDP, 10 000 yuan per person (Reference: Q1, <2¢55)
Q2 (2¢55-3.22) − − − − 1¢12 (1¢11-1¢14) * 1¢14 (1¢12-1¢15) *
Q3 (3.23-4.52) − − − − 1¢11 (1¢09-1¢13) * 1¢14 (1¢12-1¢16) *
Q4 (>=4.53) − − − − 1¢06 (1¢03-1¢08) * 1¢09 (1¢07-1¢11) *

Average years of education attainment, years (Reference:

Q1, <8¢42)
Q2 (8¢42-8¢99) − − − − 0¢96 (0¢95-0¢97) * 0¢96 (0¢95-0¢97) *
Q3 (9¢00-9¢46) − − − − 0¢96 (0¢94-0¢97) * 0¢96 (0¢95-0¢98) *
Q4 (>=9¢46) − − − − 0¢95 (0¢93-0¢97) * 0¢96 (0¢94-0¢98) *

Number of beds in healthcare institutions, units per 100

000 persons

(References: Q1, <3¢89)
Q2 (3¢89-4¢83) − − − − 0¢97 (0¢95-0¢98) * 0¢97 (0¢96-0¢98) *
Q3 (4¢84-5¢85) − − − − 0¢90 (0¢89-0¢92) * 0¢91 (0¢89-0¢92) *
Q4 (>=5¢85) − − − − 0¢95 (0¢93-0¢97) * 0¢96 (0¢94-0¢98) *

GDP£ Junior high school and below (Reference)

GDP£ Senior high school − − − − − 1¢00 (0¢99-1¢00) *
GDP£ College and above − − − − − 1¢01 (1¢00-1¢01) *

GDP £ Agricultural-related personnel (Reference)

GDP£ Retired − − − − − 1¢02 (1¢02-1¢03) *
GDP£Unemployment/Student − − − − − 0¢99 (0¢98-1¢00) *
GDP£Worker/Self-employed/Enterprise manager − − − − − 1¢01 (1¢00-1¢01) *
GDP£ Professional/Staff/Civil servant − − − − − 1¢03 (1¢02-1¢03) *
GDP£Others/Unknown − − − − − 1¢01 (1¢01-1¢02) *

Random effects

Variance among provinces (SE) 0¢50 (0¢13) 0¢42 (0¢11) 0¢33 (0¢09) 0¢33 (0¢09) 0¢35 (0¢09) 0¢33 (0¢09)
MOR 1¢96 1¢85 1¢73 1¢73 1¢76 1¢74
PCV (%) 16¢61 33¢88 33¢32 29¢95 32¢80

Table 2: Associated factors of hospital CVD deaths from NMSS in China, 2008-2020: estimated from multilevel logistics regression
Abbreviations: OR, odds ratio; CI, confidence interval; Q1, 1st quantile; Q2, 2nd quantile; Q3, 3rd quantile; Q4, 4th quantile; SE, standard error; MOR, median odds ratio; PCV, Proportional change in variance
aP<0¢05.
bRegion: Western: Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang; Central: Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan; Eastern: Bei-

jing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, Hainan.
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for Health Statistics in United States (US), Cross6

reported that hospital CVD deaths decreased from
36¢5% in 2003 to 27¢3% in 2017, which was substan-
tially higher than that in China. Meanwhile, home CVD
deaths increased from 21¢3% in 2003 to 30¢9% in 2017
and thus far below the level in China. Besides, a consid-
erate amount of CVD deaths occurred in nursing facili-
ties (22¢7%) and hospice facilities (3¢2%) were also
reported in US studies, and those results showed large
disparities compared with that in China.6 Other than
US, it was also found that for chronic conditions
occurred in developed countries, like CVD and main
cancers, home deaths often occupied nearly a half of
total deaths and increased with the time trends gradu-
ally, which either showed disparities in contrast with
that in China.5,8,26,27 Previous studies have proposed a
three-stage evolutionary hypothesis which might be
used to interpret those national variations of POD distri-
bution over the past 100 years.4,28 At the first stage,
home deaths accounted for more than 90% of all deaths
early in 20th century because of limited healthcare
resources and underdeveloped medical technologies.
Afterwards, the proportion of hospital deaths have
steadily increased and skyrocketed to 70% to 80% of all
deaths after 1970s among most developed countries
mainly due to advancements in medical technologies
and accessibility to healthcare services. In recent deca-
des, a leveling off or declining trend in hospital deaths
has been observed in US and other western countries as
a result of the increase in home deaths because of
emphasis on quality of EOL care. According to the
hypothesis, most developed countries were in stage 2 or
at the beginning of or in a transition from stage 2 to
stage 3 depending on the stage of development of pallia-
tive care, which could be explained by local socioeco-
nomic development and operating mechanism of
health care system that formulate the historical trajec-
tory of POD distribution.4,28

From the perspective of three-stage trajectory of POD
distribution, we speculated that China is at its first stage
or at the beginning of or in a transition from stage 1 to
stage 2, currently. Although a higher level of home
deaths at stage 1 was regarded as the offspring of inade-
quate healthcare resources, the underlying explanations
that affected POD distribution in China might be differ-
ent from other developed countries: First, China is age-
ing much faster than most of other western countries,
the soaring elderly was the target population with
increased chronic disease burden, thus their urgent
demands for healthcare services have increased.3,29 Sec-
ond, although both the quantity and quality of health-
care resources have been largely improved at national
level, gaps still remained in efficiency of delivery and
control of health expenditures among the elderly per
capita, the accessibility, availability and affordability of
receiving multiple healthcare services largely relied on
personal capacity of what they owned for, how they
www.thelancet.com Vol 21 Month April, 2022
aware of and where they lived in.29 Therefore, the high
proportion of home deaths in China was supposed to be
associated with counterbalance between substantial
population ageing and mismatched healthcare system
capacity per capita rather than merely lack of healthcare
resources and medical technologies in developed coun-
tries. During the following years, with the spread of
advanced science and medical technologies and pro-
grams of palliative care from developed regions to less
developed regions, we speculated that, developing coun-
tries like China would be likely to witness a shorter tran-
sition period from Stage 1 to Stage 2 and a relatively
lower proportion of hospital deaths than the level that
developed countries ever had, especially for those
regions where the home death is culturally favorable.4
Associated factors of hospital CVD deaths
In order to make it clear to promote rationale allocation
of healthcare services at the end stage of life, we have
identified associated factors of hospital CVD deaths at
both individual and provincial level. Overall, individual
factors explained nearly half of the interprovincial differ-
ences of hospital CVD deaths, while socioeconomic con-
textual factors did not explain much of the differences.

At individual level, we found that demographics
were associated with hospital CVD deaths, which
included sex, age, marital status and ethnic group.
Female was observed to have higher odds of dying in
hospitals, one reasonable explanation was that they
have longer life expectancy than male. Usually, the
elderly men live more often in a multi-person house-
hold possibly together with a younger female partner.
In contrast, the elderly women more often survive their
spouses or stay divorced. We thus hypothesized that the
elderly men often continue to live at their home even
when their health status is getting worse and healthcare
is needed, whereas the single elderly women with simi-
lar health status are more inclined to receive medical
treatment in hospitals.30 For age disparities, we specu-
lated that it may be related to the disease characteristics
among children, for most of them suffered from con-
genital diseases that required to receive timely medical
treatment. In spite of this, the higher odds of hospital
CVD deaths of children was largely explained by the
family-based culture and social structure in China:
Children’s health is not only highly valued by family
members, but also can drive the family’s choice of
healthcare services and mobilize various resources to
receive higher quality medical treatment.31 While most
of the elderly have the consciousness of returning to
their roots and hope to spend their EOL at their home-
town, and choose to die at home.32 Compared with
unmarried population, the relatively higher odds of hos-
pital CVD deaths of married ones may be explained by
having the continuous family support.30,32 Ethnic group
was also reported to have lower probability of hospital
11
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CVD deaths which might be related to their cultural
background and social custom. For example, some pop-
ulation of ethnic minorities refused to die in hospitals,
which may help to explain relative 5.94-9.05% hospital
deaths in Yunnan, which have more than 10% of Yi
population.33

Apart from demographics, education attainment,
occupation and place of residence could be regarded as
specific dimensions of social stratification, and hospital
CVD deaths presented a gradient situation based on this
social stratification. Concepts of Social Gradient in
Health Outcome was thus introduced to interpret the
rules of such feature: social stratification rooted by per-
sonal SES considered that the higher of SES, the more
probability of dying in hospitals, and it could be
explained by their awareness, capacity and accessibility to
receive adequate medical services.32 Notably, although
China is a large agricultural country, agricultural-related
individuals having the lowest odds of dying in hospitals
compared with other groups, which reminded us to focus
on utilization of healthcare service resources among dis-
advantaged group without decent level of SES. However,
on the contrary, a review by Mette34 pointed out that peo-
ple with higher levels of social deprivation in western
countries were more likely to die in hospitals, and studies
by Berger35 and Bruera36 also concluded that people with
lower education levels, lack of social support and care
were more likely to die in hospital. Although researches
at home and abroad have reached opposite conclusions,
the mechanism may theoretically be the same: In most
of cultural backgrounds, people tend to spend their EOL
in a place where they are relatively safe, comfortable and
could receive good care.4

POD distribution was also affected by the nature of the
disease. Compared with CIHD and IS, AMI and HS
patients have lower odds of dying in hospitals. Related
studies have proved those findings, as CVD with chronic
and irregular progression generally leave patients time to
choose POD, probably in hospitals¢ But for patients with
sudden cardiac events, they may die at home or on the
way to hospitals due to lack of time for emergency
treatment.32,37,38 A lower odds of hospital CVD deaths
with insufficient prehospital care like low rate of cardiopul-
monary resuscitation still remained a widespread problem
with little improvement, especially in rural areas.3,39-41

Efforts are urgently needed to improve the provision of
prehospital care such as the introduction and practice of
chest-pain centers across the country.3,40,41 Besides, it is
also the necessities to improve CVD treatment and timely
emergency through elevating the capacity of medical pro-
fessionals, healthcare resource, socially supportive envi-
ronment, and public awareness of first-aid either at the
home or in communities.

Further, we have identified significant spatial varia-
tions of hospital CVD deaths across provinces¢ For devel-
oped provinces like Beijing and Shanghai, they have
implemented community-based hospice care system
with all community health centers provided hospice care
services, and this measure were probability related to
greatest capacity of deal with severe CVDs patients with
surgical services and increased the odds of dying in hos-
pitals.42 Hubei, similarly, also has top hospitals with
first-class CVDs services in China and has a relatively
higher odds of hospital deaths. On the contrary, among
developing areas, the relatively lower odds of hospital
CVD deaths were related to limited healthcare resources
and underdeveloped medical technologies. But for some
of the ethnic minorities like Yi population in Yunnan,
the lower probability of hospital CVD deaths was affected
by cultural background and traditional custom which we
mentioned before.33 However, things were not always the
case in certain special provinces. For some developed
areas like Jiangsu and Zhejiang which presented lower
odds of hospital deaths, we speculated that it may related
to cultural beliefs, personal preferences and relevant poli-
cies.43 For some developing areas showed comparatively
higher odds of hospital deaths like Heilongjiang, Jilin,
Liaoning and Inner Mongolia, since there were no obvi-
ous associations between POD distribution and specific
spectrum of CVDs, there was still lack of comprehensive
explanations to unveil the reasons. Therefore, in the near
future, we suggested to conduct studies on characteristic
province-specific POD distribution to acquire in-depth
understanding of its spatial variations in China. Addi-
tionally, this study have pointed out that the interactions
between factors at regional level and individual level
could help to identify how individual factors modified
regional factors on health outcomes, namely background
effects.23,24,44 Therefore, we found that individual factors
have strengthen the magnitude of effects socioeconomic
contextual factors exerted on hospital CVD deaths, in
other words, individuals with higher SES who also lived
in areas with higher socioeconomic development condi-
tions were more inclined to die in hospitals, which also
confirmed the previous findings in this study.
Implications
Current characteristics of POD distribution among
CVD deaths might be an interplay between multiple fac-
tors. As the most populous country worldwide facing
population ageing, especially deeply embed in a core
value of Confucianism which advocate moral injunc-
tions of loyalty and filial piety to one’s parents, brothers
and friends in Chinese culture, we supposed that, home
deaths might sustain its unchanged patterns in the near
future, and the individual level factors would remain
the largest contributor of its variations.6,35,45,53 There-
fore, we suggested that, first, expanding medical and
healthcare capacities, elevating efficiency and effective-
ness of clinical interventions should be the priorities,
especially for acute and severe CVD patients. Second,
substantial provincial variations of POD distribution
indicated the disparities existed in medical and
www.thelancet.com Vol 21 Month April, 2022
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healthcare resources allocation, which making the
requests of tailoring regional-specific strategies to
bridge the gap between provinces and urban/rural
areas. Third, personalized humanistic care should be
provided for those ethnic groups in accordance with
their cultural belief, and various options and additional
supports should be developed to those vulnerable popu-
lation with lower SES for accessible and affordable
healthcare services. Finally, enabling the concept of fil-
ial piety to establish an integrity of clinical care and
community- or home-based care to formulate long-term
care system that supports informal care.
Strengths and limitations
A strength was that NMSS was designed to achieve
national and provincial representativeness under a uni-
fied procedure that assumed validity and reliability.15 To
our knowledge, this was the first study to demonstrate
the trends of POD distribution among CVD patients in
China. Meanwhile, the usage of multilevel analysis facili-
tated the study to demonstrate the spatial variations of
hospital CVD deaths and interpret the contributions of
individual and regional level factors to those varia-
tions.46,47 However, there were still some limitations: we
failed to include potential factors that might influence
hospital CVD deaths, such as personal preference,30,47-50

distance to hospitals,45,51,52 family care and social
support.32,45,50 Therefore, it was necessary to collect ade-
quate relevant information affecting POD and conduct
reclassification on the basis of exploration standards.32,45
Conclusion
In China, home was the leading POD among CVD
patients, demographics and individual SES were impor-
tant factors associated with hospital CVD deaths rather
than socioeconomic contextual factors. Providing acces-
sible and available of healthcare services were priorities
to improve quality of EOL among CVD deaths, signifi-
cant variations among provinces and sub-population
reminded us of the requirements for equal healthcare
resources allocation and multiple options for minorities.
Suggestions for POD decision and improving quality of
end-of-life care among CVD patients requires a wide
range of involvement from different stakeholders, and
those experiences should be evaluated and could be gen-
eralized to other developing countries.53
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