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ABSTRACT

Introduction The risk of disability and mortality is high
among recurrent stroke, which highlights the importance
of secondary prevention measures. We aim to evaluate
medication persistence for secondary prevention and the
prognosis of acute ischaemic stroke or transient ischaemic
attack (TIA) in China.

Methods Patients with acute ischaemic stroke or TIA
from the China National Stroke Registry Il were divided
into 3 groups based on the percentage of persistence in
secondary prevention medication classes from discharge
to 3 months after onset (level I: persistence=0%, level II:
0%<persistence<100%, level lll: persistence=100%). The
primary outcome was recurrent stroke. The secondary
outcomes included composite events (stroke, myocardial
infarction or death from cardiovascular cause), all-cause
death and disability (modified Rankin Scale score=3-5)
from 3 months to 1 year after onset. Recurrent stroke,
composite events and all-cause death were performed
using Cox regression model, and disability was identified
through logistic regression model using the generalised
estimating equation method.

Results 18 344 patients with acute ischaemic stroke

or TIA were included, 315 (1.7%) of whom experienced
recurrent strokes. Compared with level |, the adjusted HR
of recurrent stroke for level Il was 0.41 (95% Cl 0.31 to
0.54) and level lll 0.37 (0.28 to 0.48); composite events for
level 11 0.41 (0.32 to 0.53) and level 1l 0.38 (0.30 to 0.49);
all-cause death for level I1 0.28 (0.23 to 0.35) and level lll
0.20 (0.16-0.24). Compared with level I, the adjusted OR
of disability for level Il was 0.89 (0.77 to 1.03) and level Il
0.82 (0.72 10 0.93).

Conclusions Persistence in secondary prevention
medications, especially in all classes of medications
prescribed by the physician, was associated with lower
hazard of recurrent stroke, composite events, all-cause
death and lower odds of disability in patients with acute
ischaemic stroke or TIA.

INTRODUCTION

Stroke is one of the most common causes
of death and disability, and China has the
greatest stroke burden in the world with
39.3% risk of lifelong stroke for people over 25
years old." After experiencing one ischaemic
stroke event, the risk of recurrence and death
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remains high,>™ thus highlighting the impor-
tance of taking secondary prevention medica-
tions to decrease the risk of recurrence and
to improve clinical outcomes.” At present,
studies about secondary prevention medica-
tions focus on the status and influence factors
of persistence after ischaemic cerebrovascular
diseases in China.® Studies have also shown
that combined secondary prevention medi-
cations after discharge was associated with a
decreased risk of outcomes in patients with
coronary artery disease.'’ ' However, little is
known about the relationship between the
continuation of individual secondary preven-
tion medications or combined medications
over a period of time after discharge and the
prognosis of patients with acute ischaemic
stroke or transient ischaemic attack (TTA) in
China.

The aim of this study was to explore data
from the China National Stroke Registry
II (CNSR II) to investigate the association
between secondary prevention medication
persistence and the hazard of recurrent
stroke, composite events, all-cause death and
the odds of stroke disability after acute isch-
aemic stroke or TIA.

METHODS

Study design

Launched in 2012 by the Ministry of Health
of China, CNSR II is a registry study of acute
cerebrovascular events in 219 hospitals,
selected from eligible secondary and tertiary
hospitals around China to undergo sentinel
surveillance.'® All hospitals voluntarily partici-
pated in the study. From June 2012 to January
2013, patients who met the following criteria
were enrolled: (1) age >18 years; (2) diagnosis
within 7 days of the index ischaemic stroke
event, TTA, spontaneous intracerebral haem-
orrhage or subarachnoid haemorrhage; (3)
direct hospital admission from a physician’s

376

)

U

&9

Zhang L, et al. Stroke & Vascular Neurology 2021;6:¢000471. doi:10.1136/svn-2020-000471

BM)

"1ybuAdoa Aq parosioid 1sanb Aq G20z ‘2 AeN uo jwod g uas//:dny wolj papeojumoq ‘TZ0zZ Aenigad T Uo T/1000-0202-UAS/9STT 0T Se payslignd 1si1 :|0INSN ISBA 3301S


http://svn.bmj.com/
http://svn.bmj.com/
http://svn.bmj.com/
http://orcid.org/0000-0003-0073-5106
http://orcid.org/0000-0003-3082-6789
http://orcid.org/0000-0002-4713-5418
http://orcid.org/0000-0002-9976-2341
http://crossmark.crossref.org/dialog/?doi=10.1136/svn-2020-000471&domain=pdf&date_stamp=2021-09-20
http://svn.bmj.com/

Patients with AIS or TIA in CNSR Il
(n=21592)

223 died during hospitalization

1258 without medications at discharge

Patients who had experienced AlS or
TIA with medications at discharge
(n=20111)

548 died within 3-month follow-up
1219 lost to 3-month follow-up

Study population
(n=18344)

Figure 1 Flowchart of the study. AlS, acute ischaemic
stroke; CNSR I, China National Stroke Registry II; TIA,
transient ischaemic attack.

clinic or emergency department; (4) informed consent
provided by the patient or a legally authorised represent-
ative.

Data collection

Trained research coordinators reviewed medical records
to identify patients who provided informed consent and
were continuously enrolled in each hospital. Patient-level
and hospital-level characteristics were collected from
medical records. Patient-level characteristics included
age, sex, ethnicity, education level, health insurance
status, family income per month, medical history, status
at admission and discharge, medications and in-hos-
pital death. Health insurance in China includes urban
basic medical insurance schemes, new rural cooperative
medical schemes and commercial insurance. In addition,
some people need to pay for medical fees at their own
expense. Hospital-level characteristics included hospital
grade, geographical region, teaching status, stroke unit,
hospital beds and neurological ward beds. The regional
distribution of hospitals is divided into eastern, central
and western regions, according to the Chinese Health
Statistics Yearbook.' Discharge medication informa-
tion involved the related medications taken by patients
without allergies or contraindications, including anti-
platelet medications, warfarin, statins, antihypertensive
medications, antidiabetic medications and so on, and
the dosages and frequencies of each medication. Trained
third-party investigators conducted telephone follow-up
at 3, 6 and 12 months after initial symptom onset to collect
research data, while patients who cannot be contacted
after multiple attempts were considered lost to follow-up.

Assessment of secondary prevention medication persistence

Persistence is often defined as the duration of treat-
ment."* " In our study, persistence was defined as contin-
uing secondary prevention medication(s) from discharge
to 3 months after initial symptom onset. Patients who
were prescribed a specific medication at discharge but
discontinued that medication at 3 months were defined

as ‘non-persistent’. Persistence to the medication class
was defined in the same way, and the medication class
included antiplatelet, warfarin, statins, antihypertensive
and antidiabetic medications. Antiplatelet medications
included aspirin, clopidogrel, ozagrel, dipyridamole,
ticlopidine and cilostazol. Antihypertensive medica-
tions included beta-blockers, ACE inhibitors, angio-
tensin receptor blockers, calcium-channel blockers and
diuretics. Antidiabetic medications included insulin and
oral diabetic agents. Patients were still considered persis-
tentif they stopped one medication but then took another
medication in the same class during the 3-month period.
Composite persistence was defined as the percentage (0%
to 100%) of discharge medication classes that patients
were still taking at 3 months.'®'” Based on the composite
persistence, patients were divided into three groups (level
I persistence=0%; level II: 0%<persistence<100%; level
III: persistence=100%). In addition, regimen persistence
was referred to an all-ornone measure where patients
were either persistent or non-persistent. Patients who
continued all discharge medication classes at the 3-month
follow-up were considered persistent, whereas patients
who discontinued at least one class of discharge medica-
tions were considered non-persistent.'® ”

Outcome assessment

The primary outcome was recurrent ischaemic or haem-
orrhagic stroke from 3 months to 1 year after initial
symptom onset. Secondary outcomes included new
composite vascular events (stroke, myocardial infarction
or death from cardiovascular cause), all-cause death and
stroke disability were assessed at 3, 6 and 12 months of
follow-up. Specifically, disability was defined as modified
Rankin Scale (mRS) score 3-5.

Statistical analysis

The baseline hospital-level and patient-level variables
of different groups were analysed. Continuous variables
were presented as medians with IQRs and categorical
variables as frequencies and percentages. Continuous
variables were analysed by the Wilcoxon rank-sum test
and categorical variables by the y* test. Multivariate Cox
regression models were used to assess differences in the
hazard of having a recurrent stroke, composite events
and all-cause death among groups. Multivariate logistic
regression models were used to test disability (mRS=3-5)
among groups, and the generalised estimating equa-
tions were used to account for in-hospital clustering. Two
models were used. In the first model, only age and sex
were adjusted. In the second model, all the potential
confounding variables in hospital and patient level were
adjusted. Time to the efficacy outcome for each group
was shown in a Kaplan-Meier curve and compared by
the log-rank test. All tests were two-tailed, and p values
less than 0.05 were considered statistically significant. All
statistical analyses were performed by using SAS (SAS
Institute), V.9.3.

Zhang L, et al. Stroke & Vascular Neurology 2021;6:6000471. doi:10.1136/svn-2020-000471 377

"1ybuAdoa Aq parosioid 1sanb Aq G20z ‘2 AeN uo jwod g uas//:dny wolj papeojumoq ‘TZ0zZ Aenigad T Uo T/1000-0202-UAS/9STT 0T Se payslignd 1si1 :|0INSN ISBA 3301S


http://svn.bmj.com/

I

Open access

Table 1 Baseline characteristics in patient level and 3-month composite persistence of the study population
Composite persistence*
Overall Level | Level Il Level Il
Variables n=18 344 n=4397 n=5464 n=8483 P value
Patient level
Age, median (IQR), years 64 (56-73) 67 (58-76) 64 (56-73) 64 (56-73)  <0.001
Female, n (%) 6651 (36.3) 1585 (36.1) 2114 (38.7) 2952 (34.8) <0.001
Ethnicity (Han), n (%) 17 789 (97.0) 4246 (96.6) 5285 (96.7) 8258 (97.4) 0.02
Education level, n (%) <0.001
High school or above 5949 (32.4) 1262 (28.7) 1895 (34.7) 2792 (32.9)
Middle school 4349 (28.7) 1028 (23.4) 1326 (24.3) 1995 (23.5)
Elementary or below 8046 (43.9) 2107 (47.9) 2243 (41.1) 3696 (43.6)
Health insurance, n (%) <0.001
UBMIS 9527 (51.9) 2105 (47.9) 2972 (54.4) 4450 (52.5)
NRCMS 7197 (39.2) 1905 (43.3) 2016 (36.9) 3276 (38.6)
Commercial insurance 58 (0.3) 16 (0.4) 18 (0.3) 24 (0.3)
Self-payment 1562 (8.5) (8.4) 458 (8.4) 733 (8.6)
Family income per month >3000 yuan 2171 (11.8) (11.2) 710 (13.0) 968 (11.4) 0.006
(US$434), n (%)
Medical history, n (%)
Hypertension 11 905 (64.9) 2369 (53.9) 4016 (73.5) 5520 (65.1) <0.001
Diabetes 3772 (20.6) 535 (12.2) 1570 (28.7) 1667 (19.7) <0.001
Dyslipidaemia 2320 (12.7) (10.7) 769 (14.1) 1081 (12.7) <0.001
Atrial fibrillation 1103 (6.0) 6.4) 361 (6.6) 460 (5.4) 0.007
Myocardial infarction 439 (2.4) (2.4) 123 (2.3) 211 (2.5) 0.67
Coronary artery disease 2068 (11.3) (11.2) 641 (11.7) 936 (11.0) 0.43
Previous TIA 1002 (5.5) (5.6) 324 (5.9) 432 (5.1) 0.10
Previous stroke 5508 (30.0) 1294 (29.4) 1612 (29.5) 2602 (30.7) 0.21
Ever smoking 8197 (44.7) 1943 (44.2) 2404 (44.0) 3850 (45.4) 0.21
Drinking 5579 (30.4) 1297 (29.5) 1621 (29.7) 2661 (31.4) 0.03
Admission NIHSS score, median (IQR) 3 (1-6) 4 (1-7) 3 (1-6) 3 (1-6) <0.001
Type of disease, n (%) <0.001
Ischaemic stroke 16 563 (90.3) 3894 (88.6) 4950 (90.6) 7719 (91.0)
TIA 1781 (9.7) 503 (11.4) 514 (9.4) 764 (9.0)
Severity of iliness at discharge, n (%) <0.001
mRS >3 3552 (19.4) 965 (22.0) 986 (18.1) 1601 (18.9)
mRS <2 14 777 (80.6) 3430 (78.0) 4470 (81.9) 6877 (81.1)
New stroke within 3 months, n (%) 770 (4.2) 235 (5.3) 193 (3.5) 342 (4.0) <0.001

*Composite persistence was defined as the percentage (0% to 100%) of discharge medication classes that patients were still taking at 3
months. Level |: persistence=0%; level Il: 0%<persistence<100%; level llI: persistence=100%.

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; NRCMS, new rural cooperative medical schemes; TIA,
transient ischaemic attack; UBMIS, urban basic medical insurance schemes.

RESULTS

Study population

Out of 25 018 patients with ischaemic or haemorrhagic
stroke in CNSR II, 21 592 were diagnosed with acute
ischaemic stroke or TIA. We excluded 223 patients who
died in the hospital, 548 patients who died before the
3-month follow-up, 1258 patients who were not prescribed
medications at discharge and 1219 patients who were lost

to follow-up at 3 months. A total of 18 344 patients were
included in the final analytic sample (figure 1). Baseline
characteristics of included and excluded patients in our
study are shown in online supplemental table S5. The
median age of study population was 64 (56-73) years. Of
these patients, 6651 (36.3%) were female, 16 563 (90.3%)
had an acute ischaemic stroke and 1781 (9.7%) had a TIA
(table 1).
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Table 2 Baseline characteristics in hospital level and 3-month composite persistence of the study population

Composite persistence*

Overall Level | Level Level lll
Variables n=18 344 n=4397 n=5464 n=8483 P value
Hospital level
Hospital grade, n (%) 0.72
Tertiary 12 472 (68.0) 2968 (67.5) 3719 (68.1) 5785 (68.2)
Secondary 5872 (32.0) 1429 (32.5) 1745 (31.9) 2698 (31.8)
Region, n (%) <0.001
Eastern 10 947 (59.7) 2678 (60.9) 3360 (61.5) 4909 (57.9)
Central 4250 (23.2) 1020 (23.2) 1161 (21.3) 2069 (24.4)
Western 3147 (17.2) 699 (15.9) 943 (17.3) 1505 (17.7)
Teaching hospital, n (%) 10 276 (56.0) 2502 (56.9) 3046 (55.8) 4728 (55.7) 0.40
Stroke unit, n (%) 10312 (56.2) 2297 (52.2) 3073 (56.2) 4942 (58.3) <0.001
Hospital beds >1000, n (%) 8725 (47.6) 2047 (46.6) 2731 (50.0) 3947 (46.5) <0.001
No of neurological ward beds >80, n (%) 9830 (53.6) 2116 (48.1) 2892 (52.9) 4822 (56.8) <0.001

*Composite persistence was defined as the percentage (0% to 100%) of discharge medication classes that patients were still taking at 3 months.
Level I: persistence=0%; level II: 0%<persistence<100%; level lll: persistence=100%.

Patient-level characteristics and 3-month composite
persistence

Baseline characteristics of the study population in patient
level are shown in table 1. At 3 months after symptom
onset, 46.2% of the study population were taking 100% of
the prescribed discharge medications (level III), 29.8%
were taking 0% to 100% (level II) and 24.0% were taking
0% (level I). Participants in the level III group were more
likely to have higher levels of education, urban basic
medical insurance schemes, higher family income per
month, and a history of hypertension, diabetes, dyslipi-
daemia, non-atrial fibrillation or drinking. Participants
in the level III group had lower admission National
Institutes of Health Stroke Scale (NIHSS) scores, lower
severity of illness at discharge and were more likely to
have an ischaemic stroke as the index event (table 1).

Hospital-level characteristics and 3-month composite
persistence

Baseline characteristics of the study population in hospital
level are shown in table 2. Participants in the level III
group were more likely to be treated in hospitals in the
western region, hospitals with a stroke unit, hospitals with
less than 1000 beds and hospitals with more than 80 beds
in the neurological ward (table 2).

Outcomes by composite persistence

From 3 months to 1 year after onset, there were 315
(1.7%) new strokes, 381 (2.1%) composite events, 610
(3.3%) all-cause deaths and 2321 (14.0%) participants
who progressed to stroke disability (mRS=3-5). Table 3
shows the association between 3-month composite persis-
tence and clinical outcomes. Patients in the level III group
had better outcomes from 3 months to 1 year after onset,
including a lower hazard of recurrent stroke, composite
events, all-cause death and lower odds of stroke disability.

Compared with patients in the level I group, patients
in the level II group had decreased hazard of recurrent
stroke (HR 0.41, 95% CI 0.31 to 0.54), composite events
(HR 0.41, 95% CI 0.32 to 0.53), all-cause death (HR 0.28,
95% CI 0.23 to 0.35) and decreased odds of stroke disa-
bility (OR 0.89, 95% CI 0.77 to 1.03). Patients in the level
III group also had decreased hazard of recurrent stroke
(HR 0.37, 95% CI 0.28 to 0.48), composite events (HR
0.38,95% CI 0.30 to 0.49), all-cause death (HR 0.20, 95%
CI 0.16 to 0.24) and decreased odds of stroke disability
(OR 0.82, 95% CI 0.72 to 0.93) compared with those
in the level I group. Kaplan-Meier curves for recurrent
stroke or all-cause death by composite persistence are
presented in figure 2. Meanwhile, the results of recurrent
ischaemic or haemorrhagic stroke by 3-month composite
persistence are shown in online supplemental table S6.
There were 288 (1.6%) recurrent ischaemic strokes and
17 (0.09%) recurrent haemorrhagic strokes, among
which one patient experienced both recurrent ischaemic
and haemorrhagic stroke at the same time, and another
11 recurrent strokes (ischaemic or haemorrhagic not
described in the database). Furthermore, we reclassified
the patients based on the distribution of composite persis-
tence and obtained similar results (online supplemental
table S7).

Outcomes by regimen persistence

Similar associations between 3-month regimen persistence
and clinical outcomes were observed after adjusting for
covariates. Compared with non-persistent patients, those
who were persistent had a decreased hazard of recur-
rent stroke (HR 0.57, 95% CI 0.45 to 0.73), composite
events (HR 0.59, 95% CI 0.48 to 0.74), all-cause death
(HR 0.32, 95% CI 0.26 to 0.39) and decreased odds of
stroke disability (OR 0.87,95% CI 0.79 to 0.97) (table 4).
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Table 3 Outcomes after ischaemic stroke or TIA by 3-month composite persistence

Model 1* Model 21

Composite Events, Adjusted HR/OR Adjusted HR/OR
Outcomes persistence N n (%) (95% CI) P value (95% CI) P value
Stroke Level | 4397 134 (3.1) 1.00 (Ref) 1.00 (Ref)

Level Il 5464 80 (1.5) 0.49 (0.37 to 0.64) <0.001 0.41 (0.31 to 0.54) <0.001

Level Ill 8483 101 (1.2) 0.40 (0.31 to 0.52) <0.001 0.37 (0.28 to 0.48) <0.001
Composite events} Level | 4397 159 (3.6) 1.00 (Ref) 1.00 (Ref)

Level Il 5464 97 (1.8) 0.50 (0.38t0 0.64)  <0.001 0.41 (0.32 to 0.53) <0.001

Level Il 8483 125 (1.5) 0.42 (0.33 to 0.53) <0.001 0.38 (0.30 to 0.49) <0.001
All-cause death Level | 4397 367 (8.4) 1.00 (Ref) 1.00 (Ref)

Level I 5464 120 (2.2) 0.29 (0.24t0 0.36)  <0.001 0.28 (0.23 to 0.35) <0.001

Level Il 8483 123 (1.5) 0.20 (0.16t0 0.24)  <0.001 0.20 (0.16 to 0.24) <0.001
Disability (MRS=3-5) Level | 3733 595 (15.9) 1.00 (Ref) 1.00 (Ref)

Level Il 5069 704 (13.9) 0.93 (0.82 to 1.06) 0.26 0.89 (0.77 to 1.03) 0.11

Level Il 7762 1022(13.2) 0.88 (0.79 to 0.99) 0.026 0.82 (0.72 to 0.93) 0.003

Composite persistence was defined as the percentage (0% to 100%) of discharge medication classes that patients were still taking at 3 months.
Level I: persistence=0%; level Il: 0%<persistence<100%; level lll: persistence=100%.

HR for stroke, composite events and all-cause death; OR for disability.

*Model 1: adjusted for age and sex.

TModel 2: adjusted for patient and hospital characteristics, including age, sex, ethnicity, education level, health insurance, family income per month,
history of hypertension, diabetes, dyslipidaemia, atrial fibrillation, myocardial infarction, coronary artery disease, previous TIA or stroke, ever smoking
and drinking, admission NIHSS score, type of disease, severity of illness at discharge, new stroke within 3 months, hospital grade, region, teaching
hospital, stroke unit, hospital beds and number of neurological ward beds.

FComposite events: stroke, myocardial infarction or death from cardiovascular cause.
mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; Ref, reference; TIA, transient ischaemic attack.

Kaplan-Meier curves for recurrent stroke or all-cause
death by regimen persistence are presented in figure 2.

Outcomes by persistence in secondary prevention medication
class

Persistence at 3 months after initial symptom onset for
patients taking antiplatelet medications was 66.35%,
followed by those taking warfarin (63.16%), statins
(37.85%), antihypertensive medications (69.84%) and
antidiabetic medications (71.82%) (online supplemental
figure 3). Compared with those who were non-persistent,
the hazard of recurrent stroke decreased in those who
were persistent in taking antiplatelets (HR 0.52, 95% CI
0.41 to 0.66), statins (HR 0.67, 95% CI 0.46 to 0.99), anti-
hypertensives (HR 0.47, 95% CI 0.35 to 0.62) and antidi-
abetics (HR 0.40, 95% CI 0.25 to 0.64) (online supple-
mental table S8). Associations between 3-month persis-
tence by class and outcomes including composite events,
all-cause death and stroke disability (mRS=3-5) are also
shown in online supplemental table S8.

DISCUSSION

In this cohort study using data from CNSR II, we found
that persistence in secondary prevention medications,
especially in all classes of medications prescribed by the
physician, was associated with a decreased risk of recur-
rent stroke in patients with acute ischaemic stroke or TIA.
Compared with level I patients, level III patients had signif-
icant relative risk reductions in stroke (63%), composite
events (62%), all-cause death (80%) and stroke disability

(18%) from 3 months to 1 year after initial symptom
onset. Of note, new strokes were also reduced by 59% in
patients in the level II group.

Closely related to outcomes of ischaemic stroke and
TIA, secondary prevention medication persistence is
suboptimal, especially in developing countries like
China.? '™ Furthermore, reliable data on the poten-
tial influence of secondary prevention medication
persistence on the prognosis of patients with acute isch-
aemic stroke or TIA in China are limited. Studies have
indicated that persistence in antithrombotics, antihy-
pertensives or statins can reduce adverse outcomes and
improve the long-term prognosis of patients who had
a stroke. 2% However, these studies did not assess the
impact of combined secondary prevention medication
classes on stroke outcomes. Tan et al’® only investigated
the association between secondary prevention medica-
tion persistence and the clinical outcomes of acute minor
stroke (NIHSS score <5). Though the median NIHSS
score was low in our study, all the patients with ischaemic
stroke and TIA were included, thus making our study
more representative. The REduction of Atherothrom-
bosis for Continued Health (REACH) Registry study
showed that adherence of secondary prevention medi-
cations significantly decreased the risk of vascular events
and all-cause mortality in patients with atherosclerosis.”’
Park and Ovbiagele® found that optimal combination of
secondary prevention medication classes including anti-
hypertensives, lipid modifiers and antithrombotics after
a recent non-cardioembolic stroke was associated with a
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Figure 2 Probability of survival free of recurrent stroke or all-cause death after acute ischaemic stroke or transient ischaemic
attack by the composite or regimen persistence. (A) Kaplan-Meier curves of survival free of recurrent stroke by the composite
persistence. (B) Kaplan-Meier curves of survival free of recurrent stroke by the regimen persistence. (C) Kaplan-Meier curves of
survival free of all-cause death by the composite persistence. (D) Kaplan-Meier curves of survival free of all-cause death by the
regimen persistence.

Table 4 Outcomes after ischaemic stroke or TIA by 3-month regimen persistence

Model 1* Model 2t

Regimen Events, Adjusted HR/OR Adjusted HR/OR
Outcomes persistence N n (%) (95% CI) P value (95% CI) P value
Stroke Non-persistent 9861 214 (2.2) 1.00 (Ref) 1.00 (Ref)

Persistent 8483 101 (1.2) 0.56 (0.44 to 0.71) <0.001 0.57 (0.45 to 0.73) <0.001
Composite eventst Non-persistent 9861 256 (2.6) 1.00 (Ref) 1.00 (Ref)

Persistent 8483 125 (1.5) 0.58 (0.47 t0 0.72) <0.001 0.59 (0.48 to 0.74) <0.001
All-cause death Non-persistent 9861 487 (4.9) 1.00 (Ref) 1.00 (Ref)

Persistent 8483 123 (1.5) 0.31 (0.26 to 0.38) <0.001 0.32 (0.26 to 0.39) <0.001
Disability (mRS=3-5) Non-persistent 8802 1299 (14.8) 1.00 (Ref) 1.00 (Ref)

Persistent 7762 1022 (13.2) 0.92 (0.84 to 1.00) 0.0545  0.87 (0.79 t0 0.97) 0.01

Regimen persistence was referred to an all-or-none measure where patients who continued all discharge medication classes at the 3-month follow-
up were considered persistent, whereas patients who discontinued at least one class of discharge medications were considered non-persistent.

HR for stroke, composite events and all-cause death; OR for disability.

*Model 1: adjusted for age and sex.

TModel 2: adjusted for patient and hospital characteristics, including age, sex, ethnicity, education level, health insurance, family income per month,
history of hypertension, diabetes, dyslipidaemia, atrial fibrillation, myocardial infarction, coronary artery disease, previous TIA or stroke, ever smoking
and drinking, admission NIHSS score, type of disease, severity of iliness at discharge, new stroke within 3 months, hospital grade, region, teaching
hospital, stroke unit, hospital beds and number of neurological ward beds.

FComposite events: stroke, myocardial infarction or death from cardiovascular cause.

mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; Ref, reference; TIA, transient ischaemic attack.
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significantly lower risk of stroke. Our study also indicated
that combined secondary prevention medication classes
including antiplatelets, warfarin, statins, antihyperten-
sives and antidiabetics can significantly decrease the risk
of adverse events after stroke. The results of these two
studies are consistent and can provide clinical value to
the precision medicine. Compared with Park’s study, our
study was more comprehensive. Patients with cardioem-
bolic stroke or TIA were included, and the large-sample
and multi-centre design allowed us to conduct subgroup
analysis for persistence in various medications. Further-
more, we assessed the impact of combined secondary
prevention medications on stroke outcomes, while
hospital-level and patient-level confounders were also
taken into account.”*

Our study showed that persistence in secondary preven-
tion medications, especially in all classes of medications
prescribed by the physician, can significantly decrease the
risk of adverse events after stroke. These findings support
the current guidelines set by the Chinese Stroke Associa-
tion and the American Stroke Association on secondary
prevention. Secondary prevention is an important part of
the comprehensive strategy for stroke prevention, and all
appropriate secondary prevention medications should be
prescribed and continued for eligible patients who have
experienced an ischaemic stroke or TIA.

There are several limitations in our study. Since the
hospitals participated in this study were voluntary,
compared with other hospitals, they may have more moti-
vations which may lead to better outcomes. Persistence is
often defined as the duration of treatment, while adher-
ence is often defined as the extent to which patients
took medications according to the provider’s advice."*™”
Our study analysed the association between stroke prog-
nosis and secondary prevention medication persistence,
but not adherence. As such, we did not know whether
patients stopped taking medications due to their provid-
er’s instructions or due to other reasons. Furthermore,
with the improvement of people’s living standards and
awareness of stroke, more and more patients with mild
symptoms go to hospital for treatment as soon as possible.
Despite representative as a whole, potential bias was
unavoidable in this study since participants at admission
had a median NIHSS score of 3. In addition, persistence
was defined from discharge to 3 months, while the rele-
vant data of factors such as blood pressure, glucose and
lipids of the patients at 3 months were not collected, but
these factors may confound the observed relationships.
Finally, medication persistence and stroke outcomes were
only analysed from 3 months to 1 year after onset. Further
studies are needed to determine the association between
secondary prevention medications and long-term stroke
outcomes.

CONCLUSIONS
Persistence in secondary prevention medications, espe-
cially in all classes of medications prescribed by the

physician, was associated with a lower hazard of recurrent
stroke, composite events, all-cause death and lower odds
of stroke disability in patients with acute ischaemic stroke
or TIA. Our findings highlight the need to strengthen
secondary prevention measures such as medication persis-
tence through medical quality control as well as health
education in the clinic and in the community, especially
as the stroke burden in China increases in the coming
decades.
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