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ABSTRACT

China faces the greatest challenge from stroke in the
world. According to results from the Global Burden of
Disease Study 2019, there were 3.94 million new stroke
cases, 28.76 million prevalent cases and 2.19 million
deaths due to stroke in China in 2019. Furthermore, stroke
is also the leading cause of disability-adjusted life-year
(DALY) in China, the number of DALYs reached 45.9 million
in 2019. Several recent large-scale epidemiological
surveys have updated the data on pre-existing conditions
contributed to stroke. The age-adjusted prevalence of
overweight among Chinese adults aged 18-69 years was
34.4%, and the prevalence of obesity was 16.8% in 2018.
50.9% of Chinese adults >18 years of age without history
of hypertension had prehypertension in 2018. The weighted
prevalence of hypertension in adults was 27.5% in 2018.
The weighted prevalence of total diabetes and pre-diabetes
diagnosed by the American Diabetes Association criteria
were 12.8% and 35.2%, respectively, among Chinese
adults >18 years of age in 2017. The weighted atrial
fibrillation prevalence was 1.8% among Chinese adults >45
years of age and equates to being present in an estimated
7.9 million people in China. Data from 1672 tertiary public
hospitals in the Hospital Quality Monitoring System (HQMS)

2019. Of those, 2 818 875 (82.6%) were ischaemic strokes
(ISs), 485 474 (14.2%) were intracerebral haemorrhages
(ICHs), 106 819 (3.1%) were subarachnoid haemorrhages
(SAHs). The average age was 66 years old, and 59.6%
were male. A total of 1379 (<0.1%), 2604 (0.5%), 1250
(1.2%) paediatric strokes (age <18 years) were identified
among IS, ICH and SAH, respectively. Over one-third (1

231 519 (36.1%)) of the stroke cases were covered by
urban resident basic medical insurance, followed by urban
employee basic medical insurance (891 103 (26.1%))

and new rural cooperative medical schema (543 108
(15.9%)). The leading risk factor was hypertension (57.3%
for IS, 69.9% for ICH and 44.1% for SAH), and the leading
comorbidity was pneumonia or pulmonary infection (10.4%
for IS, 34.6% for ICH and 29.7% for SAH). In-hospital
death/discharge against medical advice rate was 8.5%,
ranging from 6.0% for IS to 20.6% for SAH. The median
and IQR of length of stay was 9.0 (6.0—13.0) days, ranging
from 10.0 (7.0-13.0) in IS to 14.0 (8.0-22.0) in ICH. Similar
data from 2847 secondary public hospitals or private
hospitals in the HQMS were also reported. Data from HQMS
showed that higher proportions of interprovincial admission
to other provinces were seen in Inner Mongolia, Anhui,
Tibet and Beijing. Higher proportions of interprovincial
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Tianjin, Shanghai and Ningxia. Data from 323 601 strokes from 1337
hospitals in the Chinese Stroke Center Alliance during 2019 demonstrated
that the composite scores of guideline-recommended key performance
indicators for patients with IS, ICH and SAH were 0.78+0.20, 0.69+0.27
and 0.60+0.31, respectively.

INTRODUCTION

Stroke was the third highest cause of death of China'
and the leading cause of disability-adjusted life-year
(DALY) in China in 2019.% Stroke has imposed an enor-
mous disease burden on the healthcare system in China.
In the past decades, several registry studies have been
launched, including the China National Stroke Registries
(CNSR-I, CNSR-II and CNSR-III),*® which continue to
provide timely evidence for clinical practice and scientific
research. The current report is an update of the China
Stroke Statistics 2019 report,’ using the best contempo-
rary data source, if available.

METHODS

The current report is an update to the report published
in 2019. It contains the most up-to-date statistics related
to stroke and its attributable risk factors, including core
health behaviours (smoking, diet and weight) and pre-
existing conditions (hypertension, diabetes mellitus,
dyslipidaemia and atrial fibrillation (AF)).

Data sources

Findings of stroke and related risk factors were extracted
from published literature and surveillance reports. In this
statistical update, the results of Global Burden of Disease
(GBD) study 20192 is used for the incidence, prevalence
and mortality of stroke. In the section of risk factors
in general population, data on obesity, hypertension,
diabetes and AF are updated. China Chronic Disease and
Risk Factors Surveillance (CCDRFS) (2018) is used to
present estimates of the percentage of people with over-
weight,” obesity,” prehypertension® and hypertension.®
The Epidemiological Survey of Thyroid disease, Iodine
status and Diabetes (2017) is used for the prevalence of
diabetes.” The prevalence of AF 1%is obtained from China
Atrial Fibrillation Epidemiologic Study (2014-2016).
The data on risk factors in stroke survivors and part of
risk factors in general population, including tobacco
use, food and nutrition, cholesterol and other lipids are
unchanged from China Stroke Statistics 2019. The meth-
odology of data sources and definition of key indicators
for stroke related risk factors are shown in supplemental
methods.

Patient demographic characteristics, comorbidities,
procedure/operations and in-hospital outcomes were
extracted from the Hospital Quality Monitoring System
(HQMS) 2019'; in-hospital key performance indicators
were extracted from the Chinese Stroke Center Alliance
(CSCA) 2019."* ' More details were described in the
China Stroke Statistics 2019 report.6 In addition, stan-
dardised inpatient discharge records from secondary

public hospitals or private hospitals were also available in
HQMS. Therefore, we extracted, analysed, and reported
these data in the current report. The contents of this
report have been internally and externally reviewed and
approved by the National Centre for Healthcare Quality
Management in Neurological Diseases.

Identification of diagnosis for stroke, comorbidities and
procedures

Stroke diagnosis and comorbidities in HQMS were iden-
tified by main diagnosis using National Clinical V.2.0 of
the International Classification of Diseases, 10th Revision,
disease codes. Stroke diagnosis in CSCA was determined
at discharge. Procedures or interventions were identified
by International Classification of Diseases, Ninth Revi-
sion, Clinical Modification, volume 3 (online supple-
mental eTable 1).

Key performance indicators

A total of 11 guideline-recommended performance
metrics of in-hospital management were prespecified for
this study based on the national guidelines and the Get
With The Guidelines-Stroke criteria. Detailed definitions
are listed in online supplemental eTable 2.

In-hospital outcomes measures

In-hospital outcomes were analysed based on data from
HQMS. In-hospital outcome was classified as discharge
as planned, transfer to another hospital and death or
discharge against medical advice (DAMA). We used the
composite come of death or DAMA to reflect a unique
discharge pattern in China that patients would like to
withdraw from treatment at unfavourable or terminal
status and willing to return home in China."? " In addi-
tion, we also assessed length of stay, total fee and out of
pocket money in the current report.

Definition of interprovincial admission

Patients often seek medical treatment across provinces.
Therefore, we analysed interprovincial admission at prov-
ince level based on data from the HQMS. Interprovincial
admission was defined as a patient admitted to a hospital
out of his or her resident province. Interprovincial admis-
sion to other provinces and interprovincial admission
from other provinces were assessed and visualised by
Sankey diagrams for every province. The top five prov-
inces with high proportions of interprovincial admission
for ischaemic stroke (IS), intracerebral haemorrhage
(ICH) and subarachnoid haemorrhage (SAH) are high-
lighted.

Statistical methods

Data were presented as means with SD or medians with
IQRs for continuous variables and as frequencies with
percentages for categorical variables. We did not report
p values because large sample sizes in HQMS and CSCA
would likely yield statistically significant p values with
small absolute differences that may not be clinically
meaningful. All statistical analyses were performed
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using SAS V.9.4. To enhance the speed and efficiency of
report creation and presentation, a SAS macro called %
ggBaseline was used to analyse and report results auto-
matically.'” Sankey diagrams were graphed by R package
networkD3."

-9.3%
(-15.5, -3.3)
34.7%

(29.4, 40.4)
-53.1%
(-56.4, -49.8)
-39.3%
(~44.0, -35.2)

Total

RESULTS

Stroke burden

Incidence

According to results from the GBD Study 2019, there
were 3.94 million new stroke cases in China in 2019, 2.87
million were IS, 0.85 million were ICH, and 0.22 million
were SAH. The incidence rate of stroke was 276.7 per 100
000 population in 2019, 269.2 per 100 000 population for
male and 284.5 per 100 000 population for female.

The age-standardised incidence rate of stroke declined
by 9.3% from 1990 to 2019. Among different stroke
subtypes, the age-standardised incidence rates of ICH
and SAH similarly decreased by 53.1% and 39.3%,
respectively. But the age-standardised incidence rate of IS
increased by 34.7% from 1990 to 2019 (table 1).

(-16.3,-3.5)
(24.7,37.7)
-60.2%
(-63.2, -57.2)
-38.7%
(-43.8, -34.4)

-10.1%
31.4%

Female

Percentage change, 1990-2009

Male
(-45.3, -35.7)

-8.0%
14.3-1.7)
39.5%

(33.5, 46.2)
~46.9%
(=50.4, -43.5)
-39.8%

Prevalence

According to results from the GBD Study 2019, among
28.76 million prevalent cases of stroke in 2019, 24.18
million were IS, 4.36 million were ICH, and 1.58 million
were SAH. In 2019, the prevalence rate of stroke was
2022.0 per 100 000 population, 1770.7 per 100 000 popu-
lation for male and 2283.2 per 100 000 population for
female.

The age-standardised prevalence rate of stroke
increased by 13.2%, as did that of IS (33.5%) from 1990
to 2019. However, the age-standardised prevalence of
ICH decreased by 31.9% and that of SAH by 21.9% from
1990 to 2019 (table 2).

(177.0, 230.8)

144.8
(121.6, 173.2)

446
(37.5, 52.7)

11.5

Total
200.8
(9.8, 13.6)

Mortality rate

According to results from the GBD Study 2019, there
were 2.19 million deaths due to stroke in 2019, 1.03
million were IS, 1.07 million were ICH, and 0.09 million
were SAH. The crude mortality rate of stroke was 153.9
per 100 000 population in 2019, 174.0 per 100 000 popu-
lation for male and 133.1 per 100 000 population for
female. The number of deaths and mortality rate were
much higher among males than females for all stroke
subcategories in 2019.

The age-standardised mortality rate of stroke decreased
by 39.8%, reaching 127.2 per 100 000 population in 2019.
The largest decrease in age-standardised mortality rate
was in SAH (-84.1%), followed by ICH (-48.1%) from
1990 to 2019 (table 3).

(169.7, 225.2)

149.4
(124.7, 179.8)

Female
194.5

33.1

(27.6, 39.5)
12.0

(10.2, 14.2)

Age-standardised incidence rate per 100 000 (95% UlI)

(185.8, 239.4)

141.1

(118.9, 168.6)
57.7

(48.6, 67.7)
11.0

9.4, 12.8)

Male
209.8

Disease burden

According to results from the GBD Study 2019,” stroke is
also the leading cause of DALY in China, the number of
DALYs reached 45.9 million in 2019. The DALYs of stroke
increased by 36.7% from 1990 to 2019. The changes in
DALYs of stroke were inconsistent among different

Table 1 Age-standardised incidence rate of stroke in 2019 and percentage changes from 1990 and by sex and stroke subcategories in China

ICH, intracerebral haemorrhage; IS, ischaemic stroke; SAH, subarachnoid haemorrhage; Ul, uncertainty interval.

Stroke
IS

ICH
SAH
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subtypes. The DALYs of IS increased by 138.6%, but the
DALYs of SAH decreased by 59.0%. Similar trends were
also observed for YLLs from 1990 to 2019. The YLLs of IS
increased by 124.4%, but the YLLs of SAH decreased by
63.2%.YLDs due to stroke and its subtypes increased from
1990 to 2019, with the highest increase in IS (202.7%).
The age-standardised DALY rate was 2412.5/100,000
in 2019. A substantial reduction (-41.6%) in the age-
standardised DALY rate was found from 1990 to 2019,
with a greater reduction among females (—49.4%) than
among males (-34.5%). Moreover, the age-standardised
YLD rate increased by 15.9%, but the age-standardised
YLL rate decreased by 45.7% from 1990 to 2019 (table 4).

Risk factors in general population

Health behaviours

The data on health behaviours, such as smoking/tobacco
use, food and nutrition are unchanged from China Stroke
Statistics 2019.

Overweight and obesity

According to data from the CCDRFS programme, the
aged-adjusted prevalence of being overweight among
Chinese adults aged 18-69 years was 34.4% (36.4% of men
and 32.3% of women, 33.6% in urban areas and 34.9%
in rural areas) and the prevalence of obesity was 16.8%
(18.8% of men and 14.8% of women, 17.7% in urban
areas and 16.1% in rural areas) in 2018. These body mass
index (BMI) cut-offs for defining overweight and obesity
are based on the Chinese standard. In contrast, the aged-
adjusted prevalence of overweight or obesity were lower
when defined according to the WHO standard (32.8%
and 8.1%, respectively). The age-standardised prevalence
of overweight or obesity increased significantly from 2004
to 2018; using BMI definitions according to the Chinese
standard, overweight prevalence rose from 24.0 % to 34.4
% (figure 1) and obesity prevalence increased from 7.1%
to 16.8% (figure 2).

High blood pressure

Prevalence

According to data from the CCDRFS programme, 50.9%
Chinese adults 218 years of age without history of hyper-
tension had prehypertension in 2018. The weighted prev-
alence of hypertension in adults was 27.5% (30.8% for
men and 24.2% for women) in 2018. The rural adults had
higher hypertension prevalence rate (29.4%) compared
with urban adults (25.7%). The age-specific prevalence of
hypertension increased with older age in both men and
women (figure 3).

Awareness, treatment and control

According to data from the CCDRFS programme, among
the adults with hypertension, 41.0% were aware of their
sick status, 34.9% were taking antihypertensive medicines,
and 11.0% had their blood pressure controlled. In the
hypertensive patients, women and urban residents were
more likely to have higher rates of awareness, treatment

and control of hypertension compared with men and
rural residents (figure 4).

Diabetes mellitus

Prevalence

According to the data from Thyroid disorders, Iodine
status and Diabetes Epidemiological Survey study, the
weighted prevalence of total diabetes, self-reported
diabetes, newly diagnosed diabetes and pre-diabetes
diagnosed by the American Diabetes Association criteria
were 12.8%, 6.0%, 6.8%, and 35.2%, respectively, among
Chinese adults 218 years of age in 2017.

The prevalence of diabetes continues to increase in
China. The weighted prevalence of total diabetes diag-
nosed by the WHO criteria increased from 9.7% in 2007,
to 10.4% in 2013, and to 11.2% in 2017 (figure 5). The
weighted prevalence of pre-diabetes rose from 15.5% in
2007 to 18.1% in 2017.

Awareness, treatment and control

The awareness rate and treatment rate of diabetes in
2017 was significantly higher than that in 2010 and 2013.
The percentage control of diabetes in the 2017 survey
was improved in comparison with the 2010 survey but
remained the same as in the 2013 survey (figure 6).

High blood cholesterol and other lipids

The data on the prevalence of dyslipidaemia and its
screening, awareness and treatment rate are unchanged
from China Stroke Statistics 2019.

Atrial fibrillation

Prevalence

According to the data from the China Atrial Fibrillation
Epidemiologic Study in China between 2014 and 2016.
The weighted AF prevalence was 1.8% (2.1% in urban
and 1.4% in rural area) among Chinese adults 245 years
of age and equates to being present in an estimated 7.9
million people in China. Among men and women, the
AF prevalence increased from 0.8% and 0.6% in the age
group 45-54 years to 5.4% and 4.9% in the age group 275
years, respectively (figure 7).

Awareness

Proportions of people who were aware of having AF rose
and fell in four age groups (figure 8) and varied between
sex (men 58.5%, women 68.8%) and residency status
(urban 78.3%, rural 35.3%). Only 6.0% of patients with
high-risk AF received anticoagulation therapy.

Inpatient characteristics

Admission

A total of 3 411 168 and 3 154 444 stroke cases admitted
during 2019 were identified from 1672 tertiary public
hospitals and 2847 secondary public hospitals/private
hospitals in HQMS, respectively (figures 9 and 10). Of
those, over 80% were ISs (82.6% and 88.0% for tertiary
public hospitals and secondary public hospitals/private
hospitals, respectively); over 10% were ICH strokes
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Figure 1 Prevalence of overweight among Chinese adults
aged 18-69 years by sex and regions, China Chronic Disease
and Risk Factors Surveillance programme, from 2004 to 2018
(Chinese BMI cut-offs). BMI, body mass index.
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Figure 2 Prevalence of obesity among Chinese adults aged
18-69 years by sex and regions, China Chronic Disease and
Risk Factors Surveillance programme, from 2004 to 2018
(Chinese BMI cut-offs). BMI, body mass index.
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Figure 3 Prevalence of hypertension among Chinese adults
>18 years of age by sex and age groups, China Chronic
Disease and Risk Factors Surveillance programme, 2018.

(14.2% and 10.7% for tertiary public hospitals and
secondary public hospitals/private hospitals, respec-
tively); less than 5% were SAHs (3.1% and 1.3% in tertiary
public hospitals and secondary public hospitals/private
hospitals, respectively). ISs were primarily admitted from

e N W W B AW
n o S S S S

Awareness rate

Hypertension Awareness, Treatment
and Control rate (%)

o

Treatment rate Control rate

EMale ®Female ®Urban ®Rural

Figure 4 Hypertension awareness, treatment and control
rate for Chinese adults >18 years of age by sex and region,
China Chronic Disease and Risk Factors Surveillance
programme, 2018.
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Figure 5 Prevalence of total diabetes diagnosed by the
WHO criteria among Chinese adults>18 years of age by sex
and age group from 2007 to 2017.
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Figure 6 Weighted awareness rate, treatment rate and
control rate of diabetes among Chinese adults >18 years of
age from 2010 to 2017.

the clinic (56.3% and 71.5% in tertiary public hospitals
and secondary public hospitals/private hospitals, respec-
tively) and ICH and SAH strokes were primarily admitted
from the emergency room for tertiary public hospitals but
admitted from both the emergency room and clinic for
secondary public hospitals/private hospitals. All cases, no
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Figure 7 Prevalence of atrial fibrillation among adults aged
>45 years by sex, age and region, China Atrial Fibrillation
Epidemiologic Study 2014-2016.

matter admitted to tertiary public hospitals or secondary
public hospitals/private hospitals, were more likely to be
admitted on weekdays, especially on Mondays, and were
less likely to be admitted on weekends (table 5).

Inpatient characteristics

Among the 3 411 168 stroke cases admitted to tertiary
public hospitals in HQMS, nearly 60% were male. The
average age was 65.9 (SD 12.6) years old, and the median
age was 66 (IQR 57.0-75.0) years old. Most cases were
covered by the urban resident basic medical insurance
(URBMI) (36.1%), followed by the urban employee
basic medical insurance (UEBMI) (26.1%) and new rural
cooperative medical schema (NRCMS) (15.9%). Only
9.1% were self-pay (including off-site medical treatment).
For ISs and ICHs, a higher proportion of male cases were
admitted compared with female cases. In contrast, more
SAHs were female. Compared with other stroke subtypes,
SAHs were younger and a higher proportion was self-pay
(table 6).

For the 3 154 444 stroke cases admitted to secondary
public hospitals/private hospitals in HQMS, similar
patterns were shown as cases admitted to tertiary public
hospitals. Except that most cases were covered by NRCMS

45~54 55~64 65~74 >75 yrs

=N - ®
=] =) =1

n
=)

w
=)

Awareness Rate of AF (%)
= =

=)

Figure 8 Awareness rate of atrial fibrillation among adults
aged >45 years by age, China Atrial Fibrillation Epidemiologic
Study 2014-2016.
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Figure 9 Distribution of tertiary public hospitals and
admitted stroke cases from the Hospital Quality Monitoring
System in 2019.

(30.7%), and then followed by the UEBMI (28.3%) and
the URBMI (21.0%) (table 6).

Geographical distribution

From tertiary public hospitals in HQMS, Heilongjiang
province contributed the largest number of cases for this
report (7.8%), followed by Liaoning (7.6%) and Guang-
dong (7.5%). Ningxia, Qinghai and Tibet contributed
less than 1% (table 7). From secondary public hospitals/
private hospitals, Henan province contributed the largest
number of cases for this report (16.0%), followed by Shan-
dong (10.9%) and Hebei (6.8%). Beijing, Hainan, Ningxia,
Qinghai, Tianjin, Tibet contributed less than 1% (table 8).

Stroke subtypes by geographical area

The proportion of each stroke subtype varied by prov-
ince. Tibet had the highest proportion of ICH (49.5% for
tertiary public hospitals and 42.9% for secondary public
hospitals/ private hospitals), followed by Qinghai (27.1%)
and Guizhou (23.1%) for tertiary public hospitals and by
Jiangxi (19.0%) and Chongqing (17.1%) for secondary
public hospitals/private hospitals (figures 11-12).

Participant

1e+05
2e+05
3e+05
4e+05
5e+05

Hospital
® 50
100
150
200

Figure 10 Distribution of secondary public hospitals/private
hospitals and admitted stroke cases from Hospital Quality
Monitoring System in 2019.
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Table 7 Geographical of stroke cases admitted to tertiary public hospitals in Hospital Quality Monitoring System in 2019

Total Is ICH SAH
Province (N=3 411 168 (100%)) (N=2 818 875 (82.6%)) (N=485 474 (14.2%)) (N=106 819 (3.1%))
Anhui 118 551 (3.5) 100 456 (3.6) 15 073 (3.1) 3022 (2.8)
Beijing 59 466 (1.7) 51112 (1.8) 6337 (1.3) 2017 (1.9)
Fujian 42 605 (1.2) 32080 (1.1) 8007 (1.6) 2518 (2.4)
Gansu 34 435 (1.0) 26 731 (0.9) 6631 (1.4) 1073 (1.0)
Guangdong 254 142 (7.5) 211 594 (7.5) 33 969 (7.0) 8579 (8.0)
Guangxi 114 913 (3.4) 93292 (3.3) 17 883 (3.7) 3738 (3.5)
Guizhou 50 126 (1.5) 36297 (1.3) 11 588 (2.4) 2241 (2.1)
Hainan 37179 (1.1) 33537 (1.2) 3122 (0.6) 520 (0.5)
Hebei 203 102 (6.0) 171 937 (6.1) 25 562 (5.3) 5603 (5.2)
Henan 231 858 (6.8) 199 189 (7.1) 26 221 (5.4) 6448 (6.0)
Heilongjiang 267 289 (7.8) 240 475 (8.5) 22632 (4.7) 4182 (3.9)
Hubei 145 436 (4.3) 114 615 (4.1) 24 658 (5.1) 6163 (5.8)
Hunan 131283 (3.8) 100 577 (3.6) 24 414 (5.0) 6292 (5.9)
Jilin 126 865 (3.7) 110 010 (3.9) 13 598 (2.8) 3257 (3.0)
Jiangsu 212 544 (6.2) 172 573 (6.1) 33270 (6.9) 6701 (6.3)
Jiangxi 65 020 (1.9) 48104 (1.7) 13 128 (2.7) 3788 (3.5)
Liaoning 259 794 (7.6) 226 045 (8.0) 28 599 (5.9) 5150 (4.8)
Inner Mongolia 81615 (2.4) 69 726 (2.5) 10 180 (2.1) 1709 (1.6)
Ningxia 18 714 (0.5) 15 613 (0.6) 2597 (0.5) 504 (0.5)
Qinghai 8012 (0.2) 5555 (0.2) 2171 (0.4) 286 (0.3)
Shandong 236 588 (6.9) 199 193 (7.1) 30 469 (6.3) 6926 (6.5)
Shanxi 61687 (1.8) 50 622 (1.8) 9140 (1.9) 1925 (1.8)
Shannxi 82 791 (2.4) 68 770 (2.4) 12 102 (2.5) 1919 (1.8)
Shanghai 41848 (1.2) 34437 (1.2) 5982 (1.2) 1429 (1.3)
Sichuan 202 728 (5.9) 154 439 (5.5) 40015 (8.2) 8274 (7.7)
Tianjin 63 628 (1.9) 54176 (1.9) 7774 (1.6) 1678 (1.6)
Tibet 2051 (0.1) 760 (0.0) 1015 (0.2) 276 (0.3)
Xinjiang 41158 (1.2) 32744 (1.2) 7113 (1.5) 1301 (1.2)
Yunnan 49198 (1.4) 36 557 (1.3) 10 216 (2.1) 2425 (2.3)
Zhejiang 127 151 (3.7) 98 845 (3.5) 23 334 (4.8) 4972 (4.7)
Chonggqing 39391 (1.2) 28 814 (1.0) 8674 (1.8) 1903 (1.8)

ICH, intracerebral haemorrhage; IS, ischaemic stroke; SAH, subarachnoid haemorrhage.

Age distribution stratified by sex and stroke subtype

The proportions of strokes under 18 years of age were
<0.1% for IS, 0.5% for ICH and 1.2% for SAH in tertiary
public hospitals and<0.1% for IS, 0.2% for ICH and 2.3%
for SAH in secondary public hospitals/private hospitals.
For both tertiary and secondary public hospitals/private
hospitals, male cases tended to have higher proportions
of strokes in younger age groups (figures 13-15).

Risk factors or comorbidities

For cases admitted to tertiary public hospitals, the leading
risk factor for stroke was hypertension, which was present
in 1 614 477 (57.3%) 1S cases, 339 210 (69.9%) ICH
cases and 47 109 (44.1%) SAH cases. The leading comor-
bidity was pneumonia or pulmonary infection, which was
presentin 294 537 (10.4%) IS cases, 168 132 (34.6%) ICH

cases and 31 675 (29.7%) SAH cases. Other risk factors
and comorbidities are shown in figures 16-18.

Cases admitted to secondary public hospitals/private
hospitals shown similar patterns. The leading risk factor
for stroke was also hypertension, which was present in 1
313 085 (47.3%) IS cases, 210 780 (62.6%) ICH cases and
15900 (39.7%) SAH cases. The leading comorbidity was
pneumonia or pulmonary infection, which was present in
208 296 (7.5%) IS cases, 89 629 (26.6%) ICH cases and
7322 (18.3%) SAH cases. Other risk factors and comor-
bidities are shown in figures 19-21.

In-hospital management
Key performance indicator
We first assessed key performance indicators based on
the national guidelines using the CSCA data from 2019. A
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Table 8 Geographical of stroke cases admitted to secondary public hospitals or private hospitals in the Hospital Quality

Monitoring System in 2019

Total I ICH SAH

Province (N=3 154 444 (100%)) (N=2 777 421 (88.0%)) (N=336 929 (10.7%)) (N=40 094 (1.3%))
Anhui 100 578 (3.2) 91029 (3.3) 8687 (2.6) 862 (2.1)
Beijing 20322 (0.6) 18 335 (0.7) 1738 (0.5) 249 (0.6)
Fujian 35694 (1.1) 29918 (1.1) 4941 (1.5) 835 (2.1)
Gansu 60 969 (1.9) 54 286 (2.0) 6058 (1.8) 625 (1.6)
Guangdong 165 168 (5.2) 143 882 (5.2) 18 493 (5.5) 2793 (7.0)
Guangxi 106 740 (3.4) 86 996 (3.1) 17 528 (5.2) 2216 (5.5)
Guizhou 41195 (1.3) 33778 (1.2) 6621 (2.0) 796 (2.0)
Hainan 9736 (0.3) 8950 (0.3) 684 (0.2) 102 (0.3)
Hebei 215 700 (6.8) 194 433 (7.0) 19 135 (5.7) 2132 (5.3)
Henan 504 004 (16.0) 453 671 (16.3) 44 933 (13.3) 5400 (13.5)
Heilongjiang 194 670 (6.2) 182 788 (6.6) 10 854 (3.2) 1028 (2.6)
Hubei 93 848 (3.0) 77149 (2.8) 14 716 (4.4) 1983 (4.9)
Hunan 120 966 (3.8) 98 605 (3.6) 19 014 (5.6) 3347 (8.3)
Jilin 105 098 (3.3) 95 023 (3.4) 9227 (2.7) 848 (2.1)
Jiangsu 108 521 (3.4) 96 341 (3.5) 10917 (3.2) 1263 (3.2)
Jiangxi 64119 (2.0) 50 506 (1.8) 12 184 (3.6) 1429 (3.6)
Liaoning 85 502 (2.7) 77 210 (2.8) 7202 (2.1) 1090 (2.7)
Inner Mongolia 70972 (2.2) 65114 (2.3) 5232 (1.6) 626 (1.6)
Ningxia 15 473 (0.5) 14 698 (0.5) 730 (0.2) 45 (0.1)
Qinghai 3685 (0.1) 3246 (0.1) 418 (0.1) 21(0.1)
Shandong 343 926 (10.9) 303 181 (10.9) 36 480 (10.8) 4265 (10.6)
Shanxi 143 033 (4.5) 132 948 (4.8) 9501 (2.8) 584 (1.5)
Shannxi 163 483 (5.2) 144 709 (5.2) 17 484 (5.2) 1290 (3.2)
Shanghai 56 590 (1.8) 50 318 (1.8) 5594 (1.7) 678 (1.7)
Sichuan 64 701 (2.1) 54 747 (2.0) 8824 (2.6) 1130 (2.8)
Tianjin 8236 (0.3) 7787 (0.3) 432 (0.1) 17 (0.0)
Tibet 49 (0.0) 26 (0.0) 21 (0.0) 2 (0.0)
Xinjiang 57 502 (1.8) 49 060 (1.8) 7779 (2.3) 663 (1.7)
Yunnan 82 189 (2.6) 67 628 (2.4) 12 940 (3.8) 1621 (4.0)
Zhejiang 53 527 (1.7) 44151 (1.6) 8616 (2.6) 760 (1.9)
Chongging 58 248 (1.8) 46 908 (1.7) 9946 (3.0) 1394 (3.5)

ICH, intracerebral haemorrhage; IS, ischaemic stroke; SAH, subarachnoid haemorrhage.

Figure 11

0%

mIS WICH WSAH

60%

100%

Proportion of stroke type for stroke admitted to

tertiary public hospitals in the Hospital Quality Monitoring
System in 2019 stratified by province.

WIS mICH mSAH

Figure 12 Proportion of stroke type for stroke admitted to
secondary public hospitals/private hospitals in the Hospital

Quality Monitoring System in 2019 stratified by province.
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Figure 13 Age distribution for ischaemic stroke admitted to hospitals in the Hospital Quality Monitoring System in 2019. A.
Tertiary public hospitals; B. Secondary public hospitals/private hospitals.
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Figure 14 Age distribution for intracerebral haemorrhage stroke admitted to hospitals in the Hospital Quality Monitoring
System in 2019. A. Tertiary public hospitals; B. Secondary public hospitals/private hospitals.
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Figure 15 Age distribution for subarachnoid haemorrhage stroke admitted to hospitals in the Hospital Quality Monitoring
System in 2019. A. Tertiary public hospitals; B. Secondary public hospitals/private hospitals.
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Figure 16 Risk factors or comorbidities for ischaemic stroke
admitted to tertiary public hospitals in the Hospital Quality
Monitoring System in 2019.
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Figure 17 Risk factors or comorbidities for intracerebral
haemorrhage stroke admitted to tertiary public hospitals in
the Hospital Quality Monitoring System in 2019.
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Figure 18 Risk factors or comorbidities for subarachnoid
haemorrhage stroke admitted to tertiary public hospitals in
the Hospital Quality Monitoring System in 2019.
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Figure 19 Risk factors or comorbidities for ischaemic stroke
admitted to secondary public hospitals/private hospitals in
the Hospital Quality Monitoring System in 2019.
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Figure 20 Risk factors or comorbidities for intracerebral
haemorrhage stroke admitted to secondary public hospitals/
private hospitals in the Hospital Quality Monitoring System in
2019.
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Figure 21 Risk factors or comorbidities for subarachnoid
haemorrhage stroke admitted to secondary public hospitals/
private hospitals in the Hospital Quality Monitoring System in
2019.
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Figure 22 Distribution of hospitals and participants from
Chinese Stroke Center Alliance in 2019.

total of 323 601 strokes (294 573 IS, 26 026 ICH, and 3002
SAH) from 1337 hospitals were analysed (figure 22). The
composite scores for IS, ICH, and SAH were 0.78+0.20,
0.69+0.27 and 0.60+0.31, respectively. The all-or-none
measures for IS, ICH and SAH were 25.5% (25.4%-
25.7%), 29.1% (28.5%—-29.6%) and 23.7% (22.2%-
25.2%), respectively. Other indicators in total and by sex
are shown in tables 9-11.
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Middle cerebral artery stenting - 10.1%0

Figure 23 Procedures for ischaemic stroke admitted to
tertiary public hospitals in the Hospital Quality Monitoring
System in 2019.
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Figure 24 Procedures for ischaemic stroke admitted to
secondary public hospitals/private hospitals in the Hospital
Quality Monitoring System in 2019.
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Figure 25 Procedures for intracerebral haemorrhage stroke
admitted to tertiary public hospitals in the Hospital Quality
Monitoring System in 2019.
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Figure 26 Procedures for intracerebral haemorrhage stroke
admitted to secondary public hospitals/private hospitals in
the Hospital Quality Monitoring System in 2019.

Procedures and operations

We also evaluated procedures and operations using the
HQMS 2019 data. Generally, cases admitted to tertiary
public hospitals received more common procedures
or interventions than their counterparts admitted to
secondary public hospitals/private hospitals. The most

on/Middle cerebral aneurysm embolization

T M ———p———

nrcrnia and servicat e occusion. [ 20%
Carotd ancurysm coil embolizaion [ 0.7%
Carorid ancurysm embotizaion [ 050
Conoidarcry sening S| 0.3
Internal carotid embolization | 02%
Figure 27 Interventions for subarachnoid haemorrhage

stroke admitted to tertiary public hospitals in the Hospital
Quality Monitoring System in 2019.

nteacranial antery stenting/Inracranial atery stent-assis coil embolization _ 10%

Intracranial and cervical artery ocelusion 02%

Carotd aneurysm embolization . 02%

Carotid artery stenting CAS 0,0

Figure 28 Interventions for subarachnoid haemorrhage
stroke admitted to secondary public hospitals/private
hospitals in the Hospital Quality Monitoring System in 2019.

Clipping of cerebral aneurysm 48%

Clipping of middle cerebral artery ancurysm  EEGEGEG— 2.9%

Clipping of antrior cerebral a

artery ancurysm 27%
Clipping of posterior communicating artery aneurysm GG 2.6%
Clipping of ancurysm GGG 2.4%
Clipping of anterior cerebral artery aneurysm N 0.7%
Neuroendoscopic clipping of intracranial ancurysm [l 0.7%
Resection of intracranial aneurysm [ 0.6%
Clipping of carotid ancurysm [ 0.6%
Resection of intracranial vascular malformation [ 0.6%
Wrapping of intracranial ancurysm [ 0.4%
Other arteriorthaphy [l 0.3%

Clipping of intracranial vascular malformation [ 0.2%

Figure 29 Procedures for subarachnoid haemorrhage
stroke admitted to tertiary public hospitals in the Hospital
Quality Monitoring System in 2019.

common procedures for IS was intracranial intra-arterial
thrombectomy (15 602 (55.4%00) and 1022 (3.7%o00)
for patients admitted to tertiary public hospitals and
secondary public hospitals/private hospitals, respec-
tively) and carotid artery stenting (7794 (27.7%o0) and
457 (1.7%00) for cases admitted to tertiary public hospitals
and secondary public hospitals/private hospitals, respec-
tively) (figures 23 and 24).
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Figure 30 Procedures for subarachnoid haemorrhage
stroke admitted to secondary public hospitals/private
hospitals in the Hospital Quality Monitoring System in 2019.

The most common procedures for ICH in HQMS were
the evacuation of intracerebral haematoma/evacuation
of intracranial haematoma/transtemporal evacuation
of intracerebral haematoma (50 191 (10.3%) and 17
539 (5.2%) for cases admitted to tertiary public hospi-
tals and secondary public hospitals/private hospitals,
respectively) and burr-hole drainage of ventricle/burr-
hole decompression of skull (22 007 (4.5%) and 9812
(2.9%) for cases admitted to tertiary public hospitals
and secondary public hospitals/private hospitals, respec-
tively) (figures 25 and 26).

For SAH in HQMS, the most common interventions
were intracranial aneurysm embolisation/intracranial
aneurysm coil embolisation/intracranial aneurysm embo-
lisation/middle cerebral aneurysm embolisation (19 386
(18.1%) and 1394 (3.5%) for cases admitted to tertiary
public hospitals and secondary public hospitals/private
hospitals, respectively) and intracranial arterial stenting/
intracranial arterial stent-assist coil embolisation (5845
(5.5%) and 408 (1.0%) for cases admitted to tertiary
public hospitals and secondary public hospitals/private
hospitals, respectively) (figures 27 and 28). The most
common procedure for SAH in HQMS was the clipping of
cerebral aneurysm (5171 (4.8%) and 528 (1.3%) for cases
admitted to tertiary public hospitals and secondary public
hospitals/private hospitals, respectively) (figures 29 and
30). Prevalence of other procedures and interventions
are shown in figures 23-30.

In-hospital outcomes

Overall

About 88% of hospitalised stroke were discharged as
planned (2 969 963 (87.1%) and 2 795 700 (88.6%) for
cases admitted to tertiary public hospitals and secondary
public hospitals/private hospitals, respectively). However,
290 394 (8.5%) and 216 801 (6.9%) cases were DAMA
or died during hospitalisation for tertiary public hospitals
and secondary public hospitals/private hospitals, respec-
tively. The mean length of stay was 11.0+9.2 days and

9.7+8.1 days, with median (IQR) 9.0 (6.0-13.0) and 8.0
(6.0-12.0) days for cases admitted to tertiary public hospi-
tals and secondary public hospitals/private hospitals,
respectively. The average fee for the care of one patient
with stroke was about ¥16 767 and ¥8096, and the average
out-of-pocket spending was about ¥5342 and ¥2397 for
cases admitted to tertiary public and secondary public
hospitals/private hospitals, respectively. Compared with
ISs, haemorrhagic strokes had much higher rate of
DAMA/death (%20% vs ~6%), longer length of stay (= 15
days vs 10 days), and higher total fees and out-of-pocket
spending (table 12).

Special subgroups

Sex: Female cases had comparable discharge rates,
DAMA/death rate and length of stay with male patients.
However, female cases had lower cost of care for IS and
ICH but higher cost of care for SAH compared with male
cases (tables 13-15).

Stroke subtypes and insurance status: Stroke cases
covered by URBMI had the lowest DAMA rate (3.5% and
3.9% for tertiary public hospitals and secondary public
hospitals/private hospitals, respectively) and the highest
in-hospital death rate (1.0% and 0.6% for tertiary public
hospitals and secondary public hospitals/private hospi-
tals, respectively), while cases covered by NRCMS had the
lowest in-hospital death rate (0.3% and 0.2% for tertiary
public hospitals and secondary public hospitals/private
hospitals, respectively). Cases with self-pay insurance type
had the highest DAMA rate for IS (7.2% and 6.3% for
tertiary public hospitals and secondary public hospitals/
private hospitals, respectively) and ICH (17.7% and 17.2%
for tertiary public hospitals and secondary public hospi-
tals/private hospitals, respectively), while for SAH, cases
covered by UEBMI had the highest DAMA rate (18.5%
and 19.3% for tertiary public hospitals and secondary
public hospitals/private hospitals, respectively). Other
in-hospital outcomes such as length of stay, total fees and
out-of-pocket spending are shown in tables 16-21.

Day of admission (weekday vs weekend): Generally,
patients admitted on weekdays had lower DAMA/death
rate and lower total costs than those admitted on week-
ends, especially for patients with IS admitted to tertiary
public hospitals (tables 22—24).

Provinces and stroke subtypes: Results showed that
Tianjin, Chongqing and Hebei had the highest DAMA
rates, while Shanghai had the highest rate of in-hospital
deaths among IS patients; Hebei and Chongqing had
the highest DAMA rates, while Liaoning had the highest
rate of in-hospital deaths among ICH or SAH patients
(figures 31-33).

Results from secondary public hospitals/private hospi-
tals in the HQMS showed that Liaoning and Jilin had
the highest DAMA rates, while Shanghai had the highest
rate of in-hospital deaths among IS patients; Liaoning
and Hebei had the highest DAMA rates, while Heilong-
jiang had the highest rate of in-hospital deaths among
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Figure 31 In-hospital outcomes of ischaemic stroke
admitted to tertiary public hospitals in the Hospital Quality
Monitoring System in 2019 by province, autonomous region,
or municipality. DAMA, discharge against medical advice.
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Figure 32 In-hospital outcomes of intracerebral
haemorrhage stroke admitted to tertiary public hospitals in
the Hospital Quality Monitoring System in 2019 by province,
autonomous region or municipality. DAMA, discharge against
medical advice.
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Figure 34 In-hospital outcomes of ischaemic stroke
admitted to secondary public hospitals/private hospitals in
the Hospital Quality Monitoring System in 2019 by province,
autonomous region or municipality. DAMA, discharge against
medical advice.
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Figure 35 In-hospital outcomes of intracerebral
haemorrhage stroke admitted to secondary public
hospitals/private hospitals in the Hospital Quality Monitoring
System in 2019 by province, autonomous region, or
municipality. DAMA, discharge against medical advice.

Figure 33 In-hospital outcomes of subarachnoid
haemorrhage stroke admitted to tertiary public hospitals in
the Hospital Quality Monitoring System in 2019 by province,
autonomous region or municipality. DAMA, discharge without
medical advice.
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Figure 36 In-hospital outcomes of subarachnoid
haemorrhage stroke admitted to secondary public
hospitals/private hospitals in the Hospital Quality Monitoring
System in 2019 by province, autonomous region or
municipality. DAMA, discharge without medical advice.
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Figure 37 Interprovincial admission to other provinces for

ischaemic stroke in the Hospital Quality Monitoring System in
2019.

ICH patients. Tianjin and Hainan had the highest DAMA
rates, while Tianjin had the highest rate of in-hospital
deaths among SAH patients (figures 34-36).

Interprovincial admission

Interprovincial admission to other provinces

The largest proportion of interprovincial admission to
other provinces for IS was seen in Tibet (31.4%), followed
by Qinghai (10.4%), Beijing (9.8%), Inner Mongolia
(9.3%) and Anhui (6.4%). Interprovincial admission for
IS resident in Tibet and Qinghai were largely admitted to
hospitals in Sichuan. For those residents in Beijing, Inner
Mongolia and Anhui were largely admitted to hospitals in
Hebei, Jilin, and Jiangsu, respectively (figure 37).

The largest proportion of interprovincial admission
to other provinces for ICH was seen in Beijing (14.8%),
followed by Anhui (14.7%), Tibet (13.7%), Inner
Mongolia (11.4%) and Hainan (9.7%). Interprovincial
admission for ICH resident in Beijing and Anhui were
largely admitted to hospitals in Hebei and Jiangsu, while
those resident in Tibet were largely admitted to hospitals
in Sichuan and Yunnan (figure 38).

For SAH, Anhui (20.6%) had the largest proportion
of interprovincial admission to other provinces, followed
by Inner Mongolia (20.5%), Tibet (17.4%), Beijing
(13.6%) and Qinghai (12.5%). Similarly, interprovincial
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Figure 38 Interprovincial admission to other provinces for
intracerebral haemorrhage stroke in the Hospital Quality
Monitoring System in 2019.

D Sichuan

admission for SAH resident in Anhui, Inner Mongolia
and Tibet were largely admitted to hospitals in Jiangsu,
Jilin and Sichuan, respectively (figure 39).

Interprovincial admission from other provinces

The largest proportion of interprovincial admission from
other provinces for IS was seen in Tibet (13.6%), followed
by Tianjin (11.4%), Beijing (10.7%), Shanghai (7.4%) and
Ningxia (7.1%). Interprovincial admission for IS admitted
to hospitals in Tibet, Tianjin, Beijing and Ningxia were
largely from patients resident in Sichuan, Hebei, Hebei
and Inner Mongolia, respectively (figure 40).

The largest proportion of interprovincial admission
from other provinces for ICH was seen in Beijing (21.4%),
followed by Tianjin (20.0%), Shanghai (17.5%), Tibet
(16.3%) and Ningxia (15.2%). Interprovincial admis-
sion for ICH admitted to hospitals in Tianjin, Beijing,
Ningxia and Tibet were largely from patients resident in
Hebei, Hebei, Inner Mongolia and Sichuan, respectively
(figure 41).

For SAH, Beijing (39.2%) also had the largest propor-
tion of interprovincial admission from other provinces,
followed by Tianjin (28.9%), Shanghai (24.0%), Ningxia
(21.6%) and Zhejiang (12.2%). Similarly, interprovin-
cial admission for SAH admitted to hospitals in Tianjin,
Beijing and Ningxia was largely from patients resident
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Figure 39 Interprovincial admission to other provinces for
subarachnoid haemorrhage stroke in the Hospital Quality
Monitoring System in 2019.

in Hebei, Hebei, and Inner Mongolia, respectively.
However, interprovincial admission Shanghai was largely
from Jiangsu, Anhui and Zhejiang (figure 42).

DISCUSSION
The crude death rate from stroke has been increasing
rapidly in China over the past three decades, rising at
a faster rate than that of other countries. Ageing has
become one of the major contributors to the increased
mortality from stroke. In 2019, 12.6% of China’s popula-
tion was over 65 years of age.17 The age-adjusted, stand-
ardised death rate has fallen, but the absolute number
of death caused by stroke still increases each year. China
faces increasing challenges to reduce morbidity, mortality
and disease burden from stroke in the coming years.
Risk factor control and continued investment in public
health projects have helped reduce the stroke burden in
the USA over the past 100 years.'® Conversely, risk factors
are highly prevalent among patients with stroke in China;
furthermore, the prevalence of major risk factors for
stroke in the general population in China has increased
nearly 20 years. For example, the age-standardised over-
weight prevalence rose from 24.0% to 34.4% and obesity
prevalence increased from 7.1% to 16.8% between 2004
and 2018; and the prevalence of hypertension increased
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Figure 40 Interprovincial admission from other provinces for
ischaemic stroke in the Hospital Quality Monitoring System in
2019.

from 18.6% in 2002 to 27.5% in 2018. The Chinese
government has implemented several public education
and primary prevention initiatives for stroke, with some
success. From 2002 to 2012, the awareness rate, treatment
rate and control rate of hypertension improved by 16.3%,
16.4% and 7.7%, respectively. The daily salt intake by
Chinese adults>18 years of age has decreased from 12.0
in 2002 to 9.3 g in 2018 during the same period, though
this is still considered a high level.

In addition to stroke cases admitted to tertiary public
hospitals, we also included stroke cases admitted to
secondarypublichospitals/private hospitalsand expanded
our analysis. The large scope of included hospital and
stroke cases, and the comparability of characteristics of
stroke cases from HQMS to previous reports,5 219 would
improve the generality of results in this report. In addi-
tion, for the first time, we reported interprovincial admis-
sion based on province level data from HQMS, which may
provide useful data on the resource allocation and policy
development for reimbursement by medical insurance.

This report has several limitations. We used various
sources of data, including but not limited to surveillance
data, survey data, registry data and administrative data.
These data vary in definition, form, quality and time of
collection. Nevertheless, these are the best data available
and have been carefully adjudicated. In addition, the
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Figure 41 Interprovincial admission from other provinces

for intracerebral haemorrhage stroke in the Hospital Quality
Monitoring System in 2019.

representativeness of our data could not be guaranteed.
For example, CSCA is based on hospitals’ voluntary enrol-
ment and thus did not use a sampling process to obtain a
nationally representative sample of hospitals. In HQMS,
Tibet had only 2100 cases enrolled. Hence, these data
should be interpreted with caution, particularly at the
province level. The accuracy of patient identification lie
in the accurate of ICD-10 coding. However, no audit or
validation study has been reported. In addition, data were
insufficient to identify therapeutic indications for proce-
dures and operations. Therefore, we reported the rates
of procedures and operations among the overall popula-
tion, not the population with indications.

This report summarised the most up-to-date data on
the characteristics, risk factors, admissions, geographical
distribution, comorbidities, in-hospital management,
outcomes and interprovincial admission for all subtypes
of stroke cases in China. Information on inpatient stroke
care was based on the data from HQMS and CSCA in
2019. Compared with previous registry data, the contem-
porary HOQMS data has a remarkable advantage in its
scope and sample sizes. This report provides a nation-
ally representative and up-to-date evidence that will help
guide the healthcare resource allocation and provide
directions for future research in stroke care and preven-
tion in China. Further efforts on comprehensive risk
factor control such as obesity and hypertension, as well
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Figure 42 Interprovincial admission from other provinces

for subarachnoid haemorrhage stroke in the Hospital Quality
Monitoring System in 2019.

as specific in-hospital management measures, including
acute reperfusion treatment, anticoagulation for AF and
prevention of pneumonia or pulmonary infection, are
needed in order to provide an overall stroke prevention
and control in China.
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