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ABSTRACT

Background Stroke is the leading cause of mortality in
China, with limited evidence of in-hospital burden obtained
from nationwide surveys. We aimed to monitor and

track the temporal trends and rural-urban disparities in
cerebrovascular risk factors, management and outcomes
from 2005 to 2015.

Methods We used a two-stage random sampling survey
to create a nationally representative sample of patients
admitted for ischaemic stroke in 2005, 2010 and 2015.
We sampled participating hospitals with an economic-
geographical region-stratified random-sampling approach
first and then obtained patients with a systematic sampling
approach. We weighed our survey data to estimate the
national-level results and assess changes from 2005 to
2015.

Results We analysed 28 277 ischaemic stroke admissions
from 189 participating hospitals. From 2005 to 2015, the
estimated national hospital admission rate for ischaemic
stroke per 100 000 people increased (from 75.9 to

402.7, P, ,<0.001), and the prevalence of risk factors,
including hypertension, diabetes, dyslipidaemia and current
smoking, increased. The composite score of diagnostic
tests for stroke aetiology assessment (from 0.22 to 0.36,

P <0.001) and secondary prevention treatments (from

trend

0.46 10 0.70, P, ,<0.001) were improved. A temporal
decrease was found in discharge against medical advice
(DAMA) (from 15.2% (95% Cl 13.7% to 16.7%) t0 8.6%
(8.1% 10 9.0%); adjusted P, =0.046), and decreases

in in-hospital mortality (0.7% in 2015 vs 1.8% in 2005;
adjusted OR (aOR) 0.52; 95% Cl 0.32 to 0.85) and the
composite outcome of in-hospital mortality or DAMA (8.4%
in 2015 vs 13.9% in 2005; aOR 0.65; 95% Cl 0.47 to

0.89) were observed. Disparities between rural and urban
hospitals narrowed; however, disparities persisted in in-
hospital management (brain MRI: rural-urban difference
from —14.4% to —11.2%; cerebrovascular assessment:
from —20.3% to —16.7%; clopidogrel: from —2.1% to
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Stroke burden in China has risen over the past three
decades, with significant urban-rural variations
across the country. However, previous evidence was
not obtained from nationwide surveys.

WHAT THIS STUDY ADDS

= In this nationwide serial cross-sectional survey, in-
creases in the prevalence of some cerebrovascular
risk factors were found. Improvements in in-hospital
management and outcomes were observed, and dis-
parities between rural and urban hospitals generally
narrowed but persisted.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= These findings underscore the need for tailored
strategies for resource allocation and disease man-
agement in the coming decades.

—10.3%; anticoagulant for atrial fibrillation: from —10.9%
to —8.2%) and in-hospital outcomes (DAMA: from 2.7% to
5.0%; composite outcome of in-hospital mortality or DAMA:
from 2.4% 10 4.6%).

Conclusions From 2005 to 2015, improvements in
hospital admission and in-hospital management for
ischaemic stroke in China were found. A temporal
improvement in DAMA and improvements in in-hospital
mortality and the composite outcome of in-hospital
mortality or DAMA were observed. Disparities between
rural and urban hospitals generally narrowed but persisted.

INTRODUCTION

China has concurrently experienced epide-
miological and demographic transitions
along with rapid economic growth in recent
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decades.! * The national stroke burden has risen over
the past three decades, with a higher number of preva-
lent stroke cases than in other countries and significant
urban-rural variations across the country.”® To respond
to these challenges, the Chinese government has imple-
mented policies since 2009 to provide affordable and
equitable healthcare for all citizens by 2020. These
policies involve increasing medical insurance coverage,
improving medical care and providing essential public
health services.”®

Although ischaemic stroke accounts for more than 80%
of stroke events in China,”' previous studies on trends in
the management and outcomes of inpatients with isch-
aemic stroke were largely limited to hospitals in urban
regions,'" a small subset of provinces,'? or the timeline
did not cover the years of China’s healthcare reform.’
Therefore, a nationally representative study across the
years of China’s healthcare reform is needed to provide
high-level evidence for the development of tailored strat-
egies for resource allocation and stroke management for
the coming decades.

In the Patientcentered Retrospective Observation
of Guideline-Recommended pErformance for Stroke
Sufferers (China PROGRESS) Study, we aimed to address
these gaps in knowledge to provide up-to-date real-world
evidence of national temporal trends in quality of care
and outcomes for patients hospitalised for ischaemic
stroke between 2005 and 2015.

METHODS

Study design

Details on the study design for China PROGRESS have
been described elsewhere.'® Briefly, we conducted a two-
stage random sampling design to create a nationally
representative sample of patients admitted for ischaemic
stroke in China in 2005, 2010 and 2015 using a sampling
framework similar to the China PEACE (Patient-centered
Evaluative Assessment of Cardiac Events) Study."*

In the first stage, we excluded military, prison, special-
ised and traditional Chinese medicine hospitals. All
remaining hospitals were stratified into five economic-
geographical regions: eastern rural, central rural, western
rural, eastern urban and central-western urban. The
central and western urban areas were grouped into one
stratum due to similar income levels and per capita health
service capacities.'* '° All secondary and tertiary hospitals
in urban regions and all central hospitals in rural regions
were randomly sampled. Last, hospitals that did not admit
patients with ischaemic stroke or declined to participate
or provide sample cases were excluded.

In the second stage, we used systematic random
sampling procedures to select patients hospitalised for
ischaemic stroke from each hospital’s database in 2005,
2010 and 2015. Patients with ischaemic stroke were
identified through medical records by principal diag-
nosis at discharge using version 10 of the International
Classification of Disease (ICD-10) Clinical Modification

codes (163.x). All sampled medical records were scanned
through a high-speed scanner by trained researchers and
transmitted to the National Coordinating Center through
an encrypted, predesigned pathway. The process of scan-
ning and transmission was regularly monitored and
audited, and double-blinded data reading and entry of
the medical record copies were performed. Two indepen-
dent personnel were trained to extract data from medical
record copies. A double-check data entry system was used
for quality control, followed by a third party recheck for
inconsistent entries."

Procedures

Age, sex, stroke risk factors, laboratory tests, and other clin-
ical characteristics of patients who were hospitalised and
discharged for ischaemic stroke were extracted from the
medical record copies by trained personnel. Comorbid-
ities, including hypertension, diabetes, atrial fibrillation
and dyslipidaemia, were recorded by checking admission
notes or discharge diagnoses. The information on diag-
nostic testing for stroke aetiology included CT, MRI scan,
cerebrovascular assessment (including brain CT angiog-
raphy (CTA), magnetic resonance angiography (MRA),
transcranial Doppler and/or digital subtraction angi-
ography (DSA)), cervical vessel assessment (including
cervical CTA, MRA, carotid ultrasound and/or DSA),
cardiac ultrasound (including transthoracic echocardi-
ography (TTE) and transoesophageal echocardiography
(TOE)), Holter ECG monitoring and 24-hour blood pres-
sure monitoring; and in-hospital treatments, including
antiplatelets, antihypertension and anticoagulation, were
all extracted by checking related documentation.

Study variables for management and outcomes

The primary outcome was all-cause in-hospital mortality.
The secondary outcomes included discharge against
medical advice (DAMA), a composite outcome of in-hos-
pital death and DAMA, complications, length of stay
(LOS) and cost. We also assessed adherence to diagnostic
tests and secondary prevention treatments during hospi-
talisation.

Two composite scores were developed for each patient
to summarise adherence to guideline-directed diagnostic
tests or secondary prevention treatments. The composite
score was defined as the total number of tests or treat-
ments performed among eligible patients divided by
the total number of possible tests or treatments among
eligible patients.'® We used the China National Guide-
lines for Stroke and Transient Ischaemic Attack (TIA)
Management (2014) for definitions of adherence to treat-
ment guidelines; some of the measures are consistent
with the guideline-based recommendations adopted by
‘Get With The Guidelines-Stroke’ for measuring adher-
ence in the USA.'"*!'” These measures include diagnostic
tests for stroke aetiology, acute management, medica-
tions for secondary prevention (antiplatelet (aspirin and
clopidogrel), anticoagulants for atrial fibrillation, statins,
antihypertensives, antidiabetic medication), dysphagia
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screening and rehabilitation assessment in patients
without documented contraindications. Traditional
Chinese medicine use was assessed separately due to a
%gck of solid evidence of its efficacy for stroke treatment.'®
Detailed definitions or specifications of outcome
measures or performance indicators are shown in online
supplemental tables 1 and 2. Patients who were trans-
ferred to another hospital were excluded from the anal-
ysis of in-hospital mortality because there was very limited
time to capture in-hospital death. Patients who were
discharged against medical advice but not transferred to
another hospital or rehabilitation centre may indicate
terminal status and willingness to die at home due to
culture or affordability.'* Therefore, we excluded patients
who died during hospitalisation (impossible to DAMA),
were transferred to another hospital or a rehabilitation
centre (may seek further treatments) or had no documen-
tation of detailed destination (missing values) from the
analysis of DAMA for eligibility. In addition, we combined
the in-hospital mortality and DAMA as a composite
outcome because it is common (approximately 16%) for
patients who had a stroke to withdraw from treatment at
unfavourable or terminal status in China,'’ and this may
represent a unique discharge pattern in China as well.

Statistical analyses

To estimate the national-level results, we applied weights
proportional to the inverse sampling fraction of hospi-
tals within each stratum in the first stage and the inverse
sampling fraction of patients within each hospital in the
second stage. We calculated the rate of hospital admis-
sions due to ischaemic stroke each year by dividing the
projected number of admitted patients by the total
number of the adult population in China obtained from
the National Bureau of Statistics (1.04billion in 2005,
1.11billion in 2010 and 1.16billion in 2015). Unweighted
frequencies and weighted percentages along with 95%
CIs were used to describe the categorical variables;
weighted means along with SDs (mean+SD) or medians
along with IQRs (median (IQR)) were used to describe
continuous variables. We examined trends across the 3
study years using the Cochran-Armitage trend test for
binary variables, the Cochran-Mantel-Haenszel (CMH)
row-mean score test for categorical variables with three or
more levels, and the CMH non-zero correlation test for
continuous variables.

Logistic regression models with generalised estimating
equations were used to account for within-hospital clus-
tering for the assessment of in-hospital outcomes (in-hos-
pital mortality, DAMA, in-hospital mortality or DAMA).
Based on a comprehensive consideration of statistical
perspectives and a literature review, models were adjusted
for age, sex, insurance type (Urban Employee Basic
Medical Insurance; Urban Resident Basic Medical Insur-
ance; New Rural Co-operative Medical Insurance Scheme,
self-payment or other),”” and history of hypertension,
diabetes mellitus, dyslipidaemia, atrial fibrillation,

smoking, stroke, coronary heart disease or myocardial
infarction. All covariates had complete data except for
age (<1% missing), smoking history (<3% missing) and
stroke history (<3% missing) (see online supplemental
table 3 for details). Missing entries for age were imputed
to median age, while missing entries for smoking history
and stroke history were imputed to having no history.
We treated year as a continuous variable in the adjusted
models to estimate p values for trend analysis of in-hos-
pital outcomes. Analyses for diagnostic tests, in-hospital
treatments and comorbidities were not adjusted for
covariates, and the results were exploratory.

To estimate discrepancies between rural and urban
areas, we estimated risk differences for categorical vari-
ables and Hodges-Lehmann estimation of location shift
for continuous variables along with their 95% CIs by year.
P values for the interaction items of location and year in
logistic regression models were also estimated to assess
the trends in urban-rural discrepancies by year. We also
reported adjusted ORs (aORs) and 95% CIs derived from
logistic regression models with generalised estimating
equations to account for the within-hospital clustering
effect.

All comparisons were two sided, with statistical signif-
icance defined as p<0.05. All analyses were performed
using SAS V.9.4 software (SAS Institute).

RESULTS

The sampling framework consisted of 1875 central hospi-
tals in 1875 rural areas across three rural strata and 2380
secondary or tertiary hospitals in 295 urban regions
across two urban strata. Among them, we sampled a total
of 208 hospitals and invited them to participate in this
study. Of the 19 hospitals that did not participate in this
study, 14 of them did not admit patients with ischaemic
stroke, and 5 of them declined the invitation. There were
394 104 hospital admissions for ischaemic stroke or TIA
(41 591 in 2005, 113 592 in 2010 and 238 921 in 2015)
among the patient databases from the 189 participating
hospitals, of which we sampled 33 406 for this study. After
excluding 1022 cases with unavailable medical charts and
4107 cases that did not meet other study criteria, the final
study sample consisted of 28 277 patients admitted for
ischaemic stroke (7494 from 2005, 9989 from 2010 and
10 794 from 2015) (figure 1). Based on these data, we
estimated the number of patients admitted for ischaemic
stroke in China nationwide to be 791 409 in 2005, 2 225
760 in 2010 and 4 650 868 in 2015. The rate of hospital
admission for ischaemic stroke per 100 000 people was
75.91in 2005, 199.0in 2010 and 402.7in 2015 (P__ <0.001)
(figure 2).

trend

Cerebrovascular risk factors

From 2005 to 2015, the female percentage of patients
admitted for ischaemic stroke did not change significantly
(from 38.7% to 39.8%, table 1). The prevalence of all
cerebrovascular risk factors and previous atherosclerotic
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7722 non-military hospitals in China in

2015
3467 hospitals excluded
2155 Traditional Chinese medicine hospitals
689 Specialised hospitals and prison hospitals
623 Non-central hospitals in each rural area
2380 eligible hospitals in urban regions 1875 eligible hospitals in rural regions
Simple random sampling Simple random sampling
100 sampled hospitals in urban regions 108 sampled hospitals in rural regions
19 hospitals excluded
—> 14 had no admission for stroke/TTA
5 declined participation
v
189 Participating hospitals

v

394 104 potential patients with ischemic
stroke/TIA in 2005, 2010, and 2015

Systematic random sampling

33 406 sampled cases

A
32 384 cases with av.

A
28 277 patients with

—» 1022 cases with medical charts unavailable

A
ailable medical charts

4107 excluded
1503 non-ischemic stroke/TTA
31 with uninterpretable medical charts

—> 19 cases with age less than 18
4 with missing final diagnosis
95 beyond the study periods
2455 diagnosed with TIA
A
ischemic stroke were

included into this study

|

v v v

7494 cases in 2005 9989 cases in 2010 10794 cases in 2015
3986 in Rural 3508 in Urban 5429 in Rural | | 4560 in Urban 5867 in Rural | | 4927 in Urban

Figure 1 Study profile. TIA, transient ischaemic attack.
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Figure 2 Hospital admissions for ischaemic stroke in China in 2005, 2010 and 2015: (A) number and (B) rate (per 100 000) of

hospital admissions for ischaemic stroke.

events increased over time, with the exception of atrial
fibrillation and myocardial infarction. The proportion
of patients without health insurance (ie, self-payment)
decreased over time (from 39.4% to 8.2%, P . .<0.001;
table 1). The median time from symptom onset to hospital
admission remained 2 days during the three periods, but
the percentage of patients who were admitted over 8 days
after onset increased over time (from 17.2% in 2005 to
20.1% in 2015, P . .<0.001; table 1). Between 2005 and
2015, patients became less likely to present with coma,
limb weakness, aphasia or dysarthria. The mean values of
systolic blood pressure, median cholesterol, low-density
lipoproteins and alanine transaminase decreased. In
contrast, the median fasting glucose, uric acid concentra-
tion and estimated glomerular filtration rate significantly
increased (table 1).

Diagnostic tests and evidence-based treatments
The proportion of those who underwent tests for CT/
MRI (from 80.8% to 84.6%), cerebrovascular assess-
ment (from 20.4% to 41.8%), cervical vessel assessment
(from 13.6% to 32.4%), cardiac ultrasound (TTE or
TOE) (from 13.9% to 36.9%), Holter ECG monitoring
(from 6.0% to 11.6%), and 24-hour blood pressure moni-
toring (from 3.2% to 8.6%) increased between 2005 and
2015 (all Pmnd<0.001, table 2). Over time, the composite
score of diagnostic tests for stroke aetiology assessment
significantly increased (from 0.22+0.11to 0.36+0.28,
P, ...<0.001; table 2).

The rate of recombinant tissue plasminogen activator
(rt-PA) utilisation increased slightly in patients with

ischaemic stroke who arrived within 1 day after onset over
the 10 years (from 0.2% to 1.4%, P__ <0.001; table 2).
The weighted proportion of patients receiving guideline-
recommended stroke care increased between 2005 and
2015 for in-hospital secondary prevention treatments,
including antiplatelets (from 60.5% to 78.6%, P _ <0.001;
table 2), anticoagulation for atrial fibrillation (from 9.9%
to 13.3%, P =0.030; table 2) and statins (from 14.4%
to 71.6%, P <0.001; table 2). However, the prescrip-
tion of hypoglycaemic drugs among eligible patients
did not improve significantly (from 66.3% to 69.5%,
P . .=0.423; table 2), and the prescription of antihyper-
tensives decreased (from 72.4% to 64.9%, P__ <0.001;
table 2). In general, the composite score of in-hospital
secondary prevention treatments demonstrated a remark-
able increase (from 0.46+0.18to 0.70+0.41, P . .<0.001;
table 2). In addition, the use of traditional Chinese
medicine during hospitalisation increased (from 73.7%
to 83.2%, P ...<0.001; table 2). The top 10 traditional
Chinese medicines used each year are listed in online
supplemental table 4.

In-hospital outcomes

A total of 133 out of 7324 patients died during hospitali-
sation in 2005 (unadjusted weighted mortality rate 1.8%,
95%CI 1.3% to 2.3%); 74 out of 9796 patients died in
2010 (0.7%, 95% CI 0.5% to 0.9%) and 67 out of 10 538
died in 2015 (0.7%, 95% CI 0.6% to 0.8%). A temporal
trend was seen in the crude analysis (P <0.001). The
rate of DAMA (15.2% in 2005, 11.8% in 2010 and 8.6% in
2015) and the composite outcome of in-hospital mortality
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Table 1 Demographic characteristics of patients stratified by years

2005 2010 2015

(N=7494 (26.5%)) (N=9989 (35.3%)) (N=10 794 (38.2%)) P
Demographic
Age, year (median, 67.0 (57.0-74.0) 68.0 (59.0-75.0) 67.0 (59.0-76.0) <0.001
IQR)
Women (no 3001 (38.7 (36.9 to 40.5)) 4069 (40.2 (39.1 to 41.3)) 4516 (39.8 (39.0 to 40.5)) 0.60
(weighted %,
95% Cl))
Cerebrovascular risk factors (no (weighted %, 95% CI))
Hypertension 5310 (70.5 (68.8 to 72.2)) 7474 (76.7 (75.8 to 77.6)) 7961 (74.8 (74.2 to 75.5)) 0.02
Diabetes 1466 (22.4 (20.9 to 23.9)) 2072 (25.1 (24.1 to 26.0)) 2545 (27.8 (27.1 to 28.5)) <0.001
Dyslipidaemia 567 (7.4 (6.4 to 8.4)) 1328 (14.7 (13.9 to 15.4)) 2109 (23.3 (22.7 to 23.9)) <0.001
Atrial fibrillation 514 (6.6 (5.7 to 7.5)) 582 (5.1 (4.6 to 5.6)) 696 (5.6 (5.3 to 6.0)) 0.47
Current smoker 1024 (13.9 (12.6 to 15.1)) 1550 (17.5 (16.7 to 18.4)) 1581 (19.4 (18.7 to 20.0)) <0.001
Number of risk 552 (7.7 (6.7 to 8.6)) 1479 (17.1 (16.3 to 17.9)) 2544 (27.5 (26.8 to 28.1)) <0.001
factors >3
Medical history (no (weighted %, 95% CI))
Stroke 1351 (21.2 (19.7 to 22.7)) 2166 (23.1 (22.2 to 24.1)) 2738 (29.2 (28.5 t0 29.9)) <0.001
Coronary heart 1446 (21.0 (19.5 to 22.5)) 2009 (23.6 (22.7 to 24.5)) 2570 (27.0 (26.3 to0 27.7)) <0.001
disease
Myocardial 112 (1.6 (1.2 to 2.1)) 131 (1.4 (1.2 t0 1.7)) 175 (1.9 (1.6 to 2.1)) 0.07
infarction
Insurance status (no (weighted %, 95% CI))
Urban Employee 1420 (24.6 (23.0 to 26.1)) 2254 (30.4 (29.4 to 31.4)) 3186 (33.6 (32.9 to 34.3)) <0.001

Basic Medical
Insurance

Urban Resident 0
Basic Medical
Insurance

New Rural Co-
operative Medical
Insurance Scheme

142 (1.6 (1.1 to 2.0))

Self-payment 3395 (39.4 (37.6 to 41.2))

Other 2537 (34.5 (32.7 to 36.2))
Region (no

(weighted %, 95%

Cl)

Rural 3986 (25.6 (24.0 to 27.2))
Urban 3508 (74.4 (72.8 to 76.0))

Clinical characteristic

Time from symptom 2.0 (0.0-5.0)
onset to admission

(days; median (IQR))

Time from symptom

onset to admission

(days; no (weighted

%, 95% Cl))

811 (10.7 (10.0 to 11.4))

2234 (18.9 (18.0 to 19.7))

1583 (15.8 (15.0 to 16.6))
3107 (24.1 (23.2 to 25.1))

5429 (32.0 (31.0 to 33.0))
4560 (68.0 (67.0 to 69.0))

2.0 (0.0-6.0)

1010 (9.3 (8.9 to 9.8))

4275 (33.4 (32.7 to 34.1))

914 (8.2 (7.8 to 8.6))
1409 (15.5 (14.9 to 16.0))

5867 (34.7 (34.0 to 35.4)) <0.001
4927 (65.3 (64.6 to 66.0))

2.0 (0.0-7.0) <0.001

<1 2491 (30.7 (29.1 to 32.4)) 2906 (27.7 (26.7 to 28.6)) 2873 (26.4 (25.8 to 27.1))
1-7 3858 (52.1 (50.3 to 53.9)) 5259 (54.2 (53.1 to 55.3)) 5825 (53.5 (52.7 to 54.2))
>8 1138 (17.2 (15.8 to 18.5)) 1814 (18.2 (17.3 to 19.0)) 2088 (20.1 (19.5 t0 20.7))
Continued
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Table 1 Continued

2005
(N=7494 (26.5%))

Coma (no (weighted
%, 95% Cl))

Limb weakness
(muscle power 0-4)
(no (weighted %,
95% Cl))

Limb weakness
(muscle power 0-3)
(no (weighted %,
95% Cl))

Aphasia or
dysarthria (no
(weighted %,
95% Cl))

Systolic blood
pressure (mm Hg;
mean (SD))

Cholesterol
(mmol/L; median
(IQRY)

Low-density
lipoprotein (mmol/L;
median (IQR))

Fast glucose
(mmol/L; median
(IQRY))

Uric acid (umol/L;
median (IQR))

Alanine
transaminase (U/L;
median (IQR))

Estimated
glomerular filtration
rate (mL/(min/1.73
m?))

<90

214 (2.3 (1.7 t0 2.8))

3089 (38.4 (36.6 to 40.2))

1984 (24.0 (22.4 to 25.5))

2031 (29.0 (27.4 to 30.7))

150.2+16.2

4.8 (4.1-5.5)

2.9 (2.3-3.4)

5.5 (4.8-6.8)

291.0 (227.0-364.0)

18.5 (14.0-28.0)

83.0 (65.7-100.0)

2000 (40.4 (38.4 to 42.4))
3386 (59.6 (57.6 to 61.6))

2010 2015

(N=9989 (35.3%)) (N=10 794 (38.2%)) .
175 (1.6 (1.3 to 1.9)) 158 (1.6 (1.4 to 1.8)) 0.044
3633 (34.6 (33.6 to 35.6)) 3391 (33.2 (32.5 to 34.0)) <0.001
2179 (19.5 (18.6 to 20.3)) 1873 (17.4 (16.9 to 18.0)) <0.001
2428 (28.8 (27.8 to 29.8)) 2533 (27.3 (26.6 t0 27.9)) 0.007
148.3+22.1 145.6+28.8 <0.001
4.7 (4.0-5.5) 4.6 (3.8-5.3) <0.001
2.8 (2.2-3.4) 2.6 (2.1-3.3) <0.001
5.5 (4.8-6.7) 5.6 (4.9-6.9) 0.022
294.0 (237.9-363.0) 308.2 (248.0-376.9) <0.001
18.0 (13.0-26.0) 18.0 (13.0-26.0) <0.001
91.4 (72.0-104.6) 95.4 (78.6-107.3) <0.001
4186 (52.4 (51.3 to 53.6)) 5557 (60.4 (59.6 to 61.2)) <0.001
4392 (47.6 (46.4 to 48.7)) 4087 (39.6 (38.8 to 40.4)) <0.001

Data are presented by weighted mean along with SD (mean+SD) or median along with IQR (median (IQR)) for continuous variables, and
unweighted frequency along with weighted % (95% ClI) for categorical variables.

or DAMA (13.9% in 2005, 9.9% in 2010 and 8.4% in
2015) also decreased significantly over time (P <0.001;
table 3). After adjustment for patients’ demographic and
clinical characteristics, a significant temporal decrease
was found in DAMA (P =0.046) but not in in-hospital
mortality (P, =0.131) or for the composite outcome of
in-hospital mortality or DAMA (P =0.071) from 2005 to
2015. However, compared with 2005, the odds of in-hos-
pital mortality were significantly lower in 2010 (aOR 0.45;
95% CI 0.29 to 0.71) and 2015 (aOR 0.52; 95% CI 0.32 to
0.85), and the odds of DAMA (aOR 0.64; 95% CI 0.44 to
0.93) and the composite outcome of in-hospital mortality

or DAMA (aOR 0.65; 95% CI 0.47 to 0.89) were also signif-
icantly lower in 2015 (figure 3A).

The proportion of patients who experienced comorbid-
ities, including pneumonia (from 9.8% to 10.4%), heart
failure (from 3.4% to 5.5%), renal dysfunction (from
1.7% to 3.5%) and liver dysfunction (from 1.4% to 4.9%)
increased, but symptomatic seizures decreased (from
1.3% to 1.0%) between 2005 and 2015 (P <0.001,
table 3). Although the median LOS decreased from 13
days to 11 days, the median total hospitalisation costs
increased slightly over time (from ¥4169 to ¥5676), but
drug costs remained unchanged (table 3).
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Temporal trends in rural-urban disparities
Disparities between rural and urban hospitals for the
. é = proportion of admitted female patients increased (from
<
8o S g 1.1% to 6.9%), current smokers (from 2.5% to -8.5%),
ol v o =
§ and patients with aphasia or dysarthria (from 0.0% to
= a 5 -7.4%) between 2005 and 2015 (online supplemental
) 3 =3 table 5). Disparities between rural and urban areas
ol ~ 2 S for some diagnostic tests and in-hospital treatments,
o= e} > g P
<| S g g 2 including brain MRI (from -14.4% (-17.7% to - 11.1%)
Bl e < 35 to -11.2% (-12.9% to -9.6%)), cerebrovascular assess-
- Bl d O ment (from -20.3% (-22.8% to — 17.8%) to -16.7%
iGN T 25 -18.3% to ~15.2%)) and use of anti lant for atrial
= F| < ~ c > (-18.3% to .2%)) and use of anticoagulant for atria
2|3 S @£ R
Sl 2o o L ©E fibrillation (from -10.9% (-18.1% to — 3.8%) to -8.2%
Q g ca
] = g . -12.3% to -4.1%)) decreased; however, gaps still exist
() o = & . gap
+| =@ L T E _CZ (table 4). Significant disparities between rural and urban
0 | = . . . .
® g % o5 Z& 6 E=S o areas were found for in-hospital mortality, and the dispar-
= E=ES .. . . . . .
) % 835 g & gE o2 g ities in mortality did not change significantly from 2005
= o = < 5 .
QRZ|e&|383 8 % K g to 2015 (aOR (95% CI), 0.44 (0.23 to 0.82) in 2005, 0.37
28 ®F® ¢ 0.14 to 0.96) in 2010 and 0.30 (0.15 to 0.59) in 2015;
8§05 = o=
S cS5E 28 3 p for interaction=0.52); however, odds for DAMA (aOR
X o952 8% o 95% CI), 1.20 (0.65 to 2.19) in 2005, 1.59 (0.82 to 3.09
f'n O ®© O > @© Q
el .. S _*3 2 = g © in 2010 and 1.57 (0.85 to 2.91) in 2015; p for interac-
© < 58w O <} - . . .
X o S35 vs £ tion=0.028) and the composite outcome of in-hospital
- EIEE (_(g T8 33 § mortality or DAMA (aOR (95% CI), 1.17 (0.67 to 2.05) in
% NN gg%’ o8 = 2005, 1.30 (0.71 to 2.38) in 2010 and 1.65 (0.92 to 2.95)
= ®/~wo °58 _i 2 E in 2015; p for interaction=0.019) increased from 2005 to
X| S|~ 63F 235 F 2015 (table 5, figure 3B).
o 258 %5 = s
9 ~=
(%) > @© T + 8 e Q
- o~ $E5 =t ©
I oelor L5308 ©§ 5
cg £8133 89 E E§ 2 DISCUSSION
g} < g § g ] E § § § § Using data from a nationally representative sample
S —_ . . .
MS[ESl vy© 5524 5o o of two-stage random sampling hospitals and patients
co® S 2 g pling P p
S8 2c¢ 8 for ischaemic stroke in 2005, 2010 and 2015, we found
— oO=5S < o
(@) o8 o OE ® improvements in hospital admission and guideline-
° c°g %5 & p P 8
e IS¢ z& 2 recommended management or therapies. Temporal
10 £z 5 8 g P P
Sl 25 w i t in DAMA and improvements in in-hos-
S|5©c 285 s2 ¢ improvemen imp ' '
S| Yo a2 FEF 4 pital mortality and the composite outcome of in-hospital
gl oo 828 o35 § } ) ..
el 922° 24 @ mortality or DAMA were observed. Disparities between
Sl o 2% of @ rural and urban hospitals generally decreased but still
B c O 2 +— ; = p g y
B 2@ S2E o8 o existed.
F SN 0§ '6 S I . . .
i 25 e *z "E’ [ Certain temporal trends for ischaemic strokes, such as
: T P = £ 1o . . . .
© co® 9® &5 the growth in the number of hospital admissions and in
(2 (o) = 0 o = . .. .
oo § © = 89 ‘g g 5 ° the prevalence of risk factors, are similar to those previ-
— E=) .
8l28/ 98 026 ©54+35 ously observed in the USA and the field of ST-segment
we B2 59 255 B23Z8 Y 8
Sdle g1 eI ¢ €8 T TS5 elevation myocardial infarction in the China PEACE
= o 6 21— . .
NSE&E - 255 Fglo Study.'? " 1921-2 This may be due to several factors. First,
= > GL) o 5+ 9 ¥ y
.50 £ ; @ % the prevalence of cerebrovascular risk factors, including
= el = . . - . L
. = gé % SF 3 hypertension, diabetes mellitus and dyslipidaemia, is
= = . . . .
S EE oS 0g rowing, which may be due to lifestyle changes. This has
S 592 58T g g Y 8
E og@ Lo == led to a rapid growth in stroke incidence in China and a
o3 5082 0§8g pid g
- @ 12| 55% 582 greater need for an increased rate of access to healthcare
8 S| 8 & 5w 2 42 o _g *g utilisation, including hospitalisation, as well as improved
S £l o c 29 8¢ L 239102425 . :
= %) E= 0O = .
= = S £28 £325 health education Corresponding to the increased
8 o 2T 282 oapg § E need is the 118% increase in the number of hospital
&3 83838 . g 28 8 beds between 2005 and 2015.%° The rise in the number
P ol & 8 S SgsoE 3 = of admissions may be due to reimbursement policies that
Q9 ﬂ > O =) o g T = o O < . . . .
= eloxr 2cx30fP 0 &S currently favour inpatient treatment, which comprises
F = = @l s a bulk of services covered under the premium.?” It may
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A. Trend analysis of in-hospital outcomes

Adjusted
Unadjusted Unadjusted Adjusted Adjusted p for
Outcomes OR (95% Cl) P OR (95% Cl) P trend
In-hospital mortality 0.131
2005 1 (reference) 1 (reference)
2010 0.38 (0.23-0.62) <.001 0.45 (0.29-0.71) <.001 ——
2015 0.38 (0.26-0.55 <.001 0.52 (0.32-0.85) 0.009 ——
DAMA 0.046
2005 1 (reference) 1 (reference)
2010 0.72(0.53-0.97) 0.049 0.86 (0.61-1.22) 0.41 —
2015 0.50 (0.36-0.69) <.001 0.64 (0.44-0.93) 0.02 —
In-hospital mortality or DAMA 0.071
2005 1 (reference) 1 (reference)
2010 0.67 (0.52-0.87) 0.002 0.78 (0.58-1.05) 0.103 ——r
2015 0.52 (0.39-0.68) <.001 0.65 (0.47-0.89) 0.009 —
I T
0 1 2
B. Trend analysis of rural-urban disparities
Unadjusted Adjusted Adjusted
OR (95% CI) Unadjusted OR (95% Cl)  Adjusted p for
Outcomes Year  Rural vs Urban P Rural vs Urban P interaction
In-hospital mortality 0.52
2005 0.48(0.26-0.88) 0.018 0.44(0.23-0.82) 0.010 ——
2010 0.38(0.14-1.00) 0.051 0.37(0.14-0.96) 0.040 —_—
2015 0.29(0.14-0.58) <.001 0.30(0.15-0.59) <.001 ——
DAMA 0.028
2005 1.20(0.67-2.16) 0.54 1.20 (0.65-2.19) 0.56
2010 1.34(0.65-2.75) 043 1.59(0.82-3.09) 0.17 —_—T—*—
2015 1.76(0.87-3.55) 0.11 1.57(0.85-2.91) 0.15 —_————
In-hospital mortality or DAMA 0.019
2005 1.19(0.68-2.07) 0.55 1.17 (0.67-2.05) 0.58 —_—T
2010 1.09(0.54-2.20) 0.82 1.30(0.71-2.38) 0.39 —
2015 1.65(0.85-3.18) 0.14 1.65(0.92-2.95) 0.09 T —
T T
0 1 2

Figure 3 Trends of in-hospital outcomes for patients with ischaemic stroke from 2005 to 2015. (A) Overall trends in in-hospital
outcomes for patients with ischaemic stroke; (B) trends of rural-urban disparities in in-hospital outcomes for patients with
ischaemic stroke. DAMA, discharge against medical advice.
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also be attributed to improved ability and more chances
to access high-quality healthcare over time. Furthermore,
the healthcare system in China lacks a hierarchical struc-
ture, with a focus on treating acute diseases in hospitals
while paying much less attention to long-term manage-
ment or community-based primary care for controlling
risk factors. Turning this inverted pyramid-like structure
of the healthcare system and paying more attention to
primary care to control risk factors may reduce stroke
morbidity and hospitalisation.*®

Our study showed that the overall physical status of
the patients, indicated by coma, limb weakness, aphasia
or dysarthria, systolic blood pressure, blood lipid or
kidney function, improved over time. This may suggest
a growing common sense of risk factor management and
an improving health awareness to seek medical care when
symptoms are relatively mild.'"" Meanwhile, the quality
of stroke care as measured by performance indicators
of diagnostic tests, acute therapy and secondary preven-
tion treatments has improved during the past decade.
For example, the use of the Holter test, a routine tool to
detect atrial fibrillation after stroke,29 has increased over
time, although it remained low at only 11.6% in 2015
in our study. This may explain the lower prevalence of
comorbid atrial fibrillation in our study (5.6% in 2015)
than in the US population (17.1%)."°

The rate of rt-PA utilisation increased sevenfold over
the past decade but was still far below the utilisation
rate in the USA and Europe.” This was mainly due to
the unorganised and underutilisation of the emergency
stroke care system that often leads to long prehospital
and in-hospital delays,” as well as the lack of coverage
for the cost of alteplase by health insurance plans.”® With
the appeal of stroke experts, a large-scale construction
of stroke centres was launched in 2015,%® and the rate
of rt-PA utilisation increased by 60% from 2015 to 2019
among these stroke centres.’

Using combined aspirin and clopidogrel increased from
1.2% in 2005 to 18.0% in 2015, which may be attributed to
the findings of the Clopidogrel in High-Risk Patients with
Acute Nondisabling Cerebrovascular Events trial published
in 2013 and the updated Chinese stroke guideline in
2014."7 ** The use of anticoagulants for atrial fibrillation
increased over time, but the use of hypoglycaemic drugs
for diabetes after stroke remained 69.5% in 2015. Further-
more, the prescription of antihypertensives decreased over
time in our study and was only 64.9% in 2015, compared
with 72.4% in 2005. These results are consistent with find-
ings from the China National Stroke Registries.'' They indi-
cate that the gaps and obstacles to ideal stroke care persist,
likely due to balancing the benefits of treatment with risks
and financial considerations.”

Encouragingly, our results also showed that DAMA
between 2005 and 2015 decreased over time, and the
in-hospital mortality and the composite outcome of
in-hospital mortality or DAMA improved in 2010 or
2015, while the temporal trend was not significant. The
non-significant temporal trends of in-hospital mortality

and the composite outcome of in-hospital mortality or
DAMA cannot exclude the possibility of meaningful
improvements because a temporal trend is a too strong
hypothesis that cannot be proven if increased rates
were different among the intervals between 2005, 2010
and 2015. In addition, a previous study extracting data
from medical records among tertiary hospitals also
found that the in-hospital mortality for ischaemic stroke
decreased from 2.48% in 2007 to 1.47% in 2010.% The
‘Get With The Guidelines-Stroke’ also demonstrated
that in-hospital mortality in the USA decreased over
time.”” Major factors that likely contributed to reducing
stroke mortality in China include the contemporary
national healthcare reform plan,® improved healthcare
coverage,” new treatment options and modern medical
technology.”” The in-hospital mortality reported in our
study was much lower than other studies from Western
countries. One possible reason is that many patients
withdraw from treatment at terminal status, which could
be attributed to affordability or culture.” ** There-
fore, we reported the composite outcome of in-hos-
pital mortality or DAMA, which would reflect a unique
discharge pattern in China.

Unlike the China PEACE Study,"' rural-urban dispar-
ities were only observed for diabetes, not hypertension,
dyslipidaemia and a number of risk factors in our study.
Rural-urban differences in diagnostic tests, including
brain MRI, cerebrovascular assessment and preven-
tive drugs, including clopidogrel and anticoagulant,
for atrial fibrillation remain, and more resources and
attention should be given to rural hospitals. No signif-
icant discrepancies between rural and urban areas
were found for DAMA and the composite outcome of
in-hospital mortality or DAMA; however, the disparities
increased from 2005 to 2015, indicating slower improve-
ment and transition in rural hospitals. The differences
in study hospitals, study population and study year may
contribute to the differences in urban-rural disparities
drawn from these two studies.

To the best of our knowledge, China PROGRESS is
the largest study to date of national trends in ischaemic
strokes in China with a rigorous random sampling
framework of a hospital-based cohort. It placed a strong
emphasis on data quality in case ascertainment and data
abstraction through the double-blinded data reading
and data entry system. Due to the retrospective nature of
variable extraction, the low error rate attributed to this
system is key to the validity of our findings. Our study
sample included hospitals with diverse characteristics in
terms of stroke facilities, capacity and quality of care,
which allowed us to generate findings that are nationally
representative and can be leveraged for quality improve-
ment in a country with great variability in these char-
acteristics across regions and hospitals.” ** ** However,
there are several limitations in this study. First, since
patients with ischaemic stroke were sampled according
to the principal diagnosis of ICD-10 codes on the front
page of medical records in this study, the accuracy of
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this diagnosis could not be determined by data entry
from non-stroke professionals. To determine the rela-
tively accurate diagnosis of the index event for hospi-
talisation, 1400 (5%) records were randomly sampled
from the whole population, and two experienced stroke
neurologists were invited to make a final confirmation
of the diagnosis. Then, 939 (67.1%) confirmed as novel
ischaemic stroke, 450 (32%) confirmed as undeter-
mined diagnosis due to inadequate information and
11 (0.8%) identified as misdiagnosed. Second, defi-
nitions of disorders and completeness of documen-
tation may vary over time and across hospitals, and it
is unclear whether patients were selected from stroke
units or other parts of the departments of neurology at
participating hospitals. Finally, data on treatments and
outcomes after discharge were not collected.

CONCLUSIONS

In conclusion, improvements in hospital admis-
sion, stroke management and outcomes in China
were observed from 2005 to 2015. However, dispari-
ties between rural and urban hospitals in in-hospital
management and outcomes persist. Rigorous and
systematic quality evaluation and sophisticated incen-
tives for high-value performance are needed to further
optimise the quality of care. These findings show that
there are many opportunities for policymakers, health-
care systems and health professionals to tailor strategies
for resource allocation and disease management in the
coming decades.
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