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ABSTRACT
Background and purpose  We aimed to determine 
whether young adults (<50 years) with acute ischaemic 
stroke (AIS) are more likely to receive intravenous tissue 
plasminogen activator (IV tPA) and have shorter time to 
treatment than older patients with stroke.
Methods  We analysed data from the Chinese Stroke 
Center Alliance registry for patients with AIS hospitalised 
between August 2015 and July 2019. Patients were 
classified into two groups according to age: young adults 
(<50 years of age) and older adults (≥50 years of age).
Results  Of 793 175 patients with AIS admitted to 1471 
hospitals, 9.1% (71 860) were young adults. Compared 
with older adults, a higher proportion of young adults 
received IV tPA among patients without contraindicaitons 
(7.2% vs 6.1%, adjusted OR (aOR) 1.13, 95% CI 1.10 to 
1.17) and among patients without contraindications and 
with onset-to-door time ≤3.5 hours (23.6% vs 19.3%, aOR 
1.20, 95% CI 1.15 to 1.24). We did not observe differences 
in onset-to-needle time (median hours 2.7 hours) or door-
to-needle time (DNT) (median minutes 60 min) between 
young and older adults. The proportion of DNT ≤30 min, 
DNT ≤45 min and DNT ≤60 min in young and older IV tPA-
treated patients were 16.9% vs 18.8%, 30.2% vs 32.8% 
and 50.2% vs 54.2%, respectively. Compared with older 
adults, young adults treated with IV tPA had lower odds 
of in-hospital mortality (0.5% vs 1.3%, aOR 0.54, 95% CI 
0.35 to 0.82) and higher odds of independent ambulation 
at discharge (61.0% vs 53.6%, aOR 1.15, 95% CI 1.08 
to 1.22), and the associations may be partly explained 
by stroke severity measured by the National Institutes of 
Health Stroke Scale score.
Conclusion  Young adults with AIS were more likely to 
receive IV tPA than older adults, although there was no 
difference between the two groups in time to treatment. 
Compared with older adults, young adults may had better 
in-hospital outcomes.

INTRODUCTION
Stroke incidence among adults under 50 
years of age has risen in recent years.1–5 This 

creates a significant socioeconomic burden 
due to high healthcare costs and loss of labour 
productivity.5 6 According to the 2019 Chinese 
Stroke Statistics, 81.9% of patients with stroke 
had ischaemic strokes,7 of which young adults 
constituted 15%–18%.8 Given this trend, 
researchers must carefully consider the clin-
ical features and best practices of treatment 
for strokes in young adults.8

Ischaemic stroke is a common, preventable 
and treatable disease that typically results from 
thrombotic or thromboembolic blockage of 
a cerebral artery.9 Revascularisation therapy 
plays a major role in the process of saving 
penumbral tissue from infarction.10 Tissue 
plasminogen activator (tPA) is the main intra-
venous drug approved for the treatment of 
acute ischaemic stroke.11 Treatment of acute 
occlusive stroke with IV tPA is considered the 
most regular and important method when 
given within 4.5 hours of occlusion.12 13 While 
epidemiological studies have been done in 
other countries regarding IV tPA treatment 
in young patients with AIS, there is limited 
research on this topic in China.13–17

The purpose of this study was to compare 
the characteristics, IV tPA treatment rates, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ We used data from a large-scale, nationwide, 
hospital-based, multicentre quality improvement 
initiative.

	⇒ Multiple regression models adjusted for different 
levels of covariates were used to check the robust-
ness of the results.

	⇒ Data on intra-arterial therapies, puncture times, 
door-to-imaging and follow-up outcomes after dis-
charge were not collected and reported.
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onset-to-needle time, door-to-needle time (DNT) and 
in-hospital outcomes of young (<50 years of age) and 
older (≥50 years of age) patients with AIS in the Chinese 
Stroke Center Alliance (CSCA). We hypothesised that 
young patients with AIS would be treated more frequently 
with IV tPA, have shorter treatment time and better 
in-hospital outcomes compared with older adults.

METHODS
Data source
CSCA is a national, hospital-based, multicentre, volun-
tary, multifaceted intervention and continuous quality 
improvement initiative. The data coordinating centre 
of CSCA resides at the China National Clinical Research 
Center for Neurological Diseases, Beijing Tiantan 
Hospital.18 Trained personnel collected patient demo-
graphics, medical history, medications, DNT and in-hos-
pital outcomes, then entered this information into a 
database using a web-based Patient Management Tool 
(Medicine Innovation Research Center, Beijing, China). 
The tool is characterised by predefined logic features, 
range checks and user alerts to identify a potentially invalid 
format or value entries and to optimise data quality at the 
time of entry. Training in the use of the tool was provided 
online and onsite for all users. However, data collected 
by hospitals were not independently audited by external 
chart review. In addition, The China National Clinical 
Research Center for Neurological Diseases serves as the 
data analysis centre and has an agreement to analyse the 
aggregate deidentified data for care quality feedback and 
research purposes. We abstracted 838 229 cases and iden-
tified 793 175 patients admitted with ischaemic strokes 
from 2015 to 2019.

Study population
In the first stage, our analyses included patients admitted 
with AIS within 7 days of the onset of symptoms between 
1 August 2015 and 31 July 2019 from 1473 hospitals 
(online supplemental table Ⅰ). We excluded patients who 
had in-hospital strokes (n=7941, 0.95%), were missing 

IV tPA information (n=17 461, 2.08%), had imprecise or 
undocumented arrival times (n=12), transferred in from 
an acute care hospital (n=1777, 0.212%) or had contrain-
dications to venous thrombolysis within the time window 
(n=17 863, 2.13%). This yielded a population of patients 
with ischaemic strokes with indications for thrombolysis 
(n=793 175). To analyse DNT and in-hospital outcomes 
of ischaemic stroke, we excluded patients treated with IV 
tPA >4.5 hours after stroke onset (n=1315, 0.17%) and 
patients who were not treated with IV tPA (n=743 719, 
93.76%). This yielded a subset of the study population 
that consisted of 48 141 patients with AIS from 1290 
hospitals (figure 1).

Outcomes
The IV tPA treatment rate was assessed among two popu-
lations. First, IV tPA rate among patients without contra-
indications to thrombolytic therapy was calculated as the 
number of IV tPA cases divided by the total number of 
ischaemic stroke cases without any contraindications to 
thrombolytic therapy. Then IV tPA rate among patients 
without contraindication to thrombolytic therapy and 
with onset-to-door time ≤3.5 hours was calculated as the 
number of IV tPA cases divided by the total number of 
ischaemic stroke cases without any contraindications to 
thrombolytic therapy and arrived at a hospital within 
3.5 hours after stroke onset. The contraindications were 
defined according to guidelines for the early manage-
ment of patients with acute ischaemic stroke from the 
Heart Association/American Stroke Association and 
Chinese Society of Neurology. DNT was defined as the 
time between arrival at the emergency department and 
time of intravenous thrombolysis, and is an important 
metric in AIS treatment.19 20 We analysed DNT as a binary 
outcome three times with a different cut-off point each 
time (≤30, ≤45 or ≤60 min, respectively).

In-hospital outcomes included symptomatic intra-
cranial haemorrhage (sICH), in-hospital mortality and 
independent ambulation at discharge. sICH was defined 
as intracranial haemorrhage (ICH) within 36 hours of 

Figure 1  Study flow chart for patient identification. IV tPA, intravenous tissue plasminogen activator.
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admission, documented by CT or MRI, with the treating 
physician’s notes indicating clinical deterioration attribut-
able to haemorrhage. Patients who were able to walk <48 
hours after hospital admission were considered to have 
independent ambulation at discharge.

Statistical analysis
Continuous variables with normal distribution were 
expressed as mean and SD, and those with skewed/non-
normal distribution as medians and IQRs. Categorical 
variables were summarised as frequencies and percent-
ages. Because of the large sample size, some statistically 
significant differences may not be clinically meaningful. 
We used absolute standardised differences (ASD) or 
Hodges-Lehmann estimator to compare differences in 
baseline characteristics between young and older adults 
independent of sample size. An ASD >10% was consid-
ered meaningful imbalance.21

For outcomes such as IV tPA treatment and in-hospital 
outcomes, logistic regression models were performed 
to determine adjusted ORs (aORs) and 95% CIs. Multi-
variable models with different level of adjustment were 
used to check the robustness of the results. Covariates 
in multivariable models including gender, insurance 
status, body mass index (BMI), medical history of 
prior stroke or transient ischaemic attack (TIA), coro-
nary artery disease (CAD) or prior myocardial infarc-
tion (MI), diabetes mellitus, hypertension, smoking 
status, atrial fibrillation/flutter, glycated haemoglobin, 
diastolic blood pressure, systolic blood pressure, medi-
cation history (hypoglycaemic drugs, antihypertensive 
drugs, antiplatelet drugs and lipid-lowering drugs) and 
hospital grade.

There were few missing data for most variables, with the 
exceptions of the in-hospital National Institutes of Health 
Stroke Scale (NIHSS) score (missing 19.4%), DNT 
(6.3%), glycated haemoglobin (10.6%) and BMI (1.6%). 
For continuous variables missing <15%, the median was 
used for imputation. Since the NIHSS score is a widely 
used tool for assessing stroke severity22 and contributes 
important information to AIS prognosis,23 sensitivity 
analyses adjusting for the NIHSS score were conducted. 
In addition, results from multiple imputation were also 
provided.

All statistical analyses were performed using SAS V.9.4 
(SAS Institute, Cary, North Carolina, USA) and the 
%ggBaseline SAS macro.24 Two-sided p values of  <0.05 
were considered statistically significant.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Of 838 229 patients with AIS in the CSCA, 793 175 
patients enrolled from 1471 hospitals were eligible for 
inclusion in this study. The mean age was 66.1±12.0 years 

and 62.7% were men. A total of 261 760 (33.0%) patients 
had previous stroke/TIA, 69 810 (8.8%) had CAD/prior 
MI, 170 638 (21.5%) had diabetes, 510 928 (64.4%) had 
hypertension, 294 708 (37.2%) were smokers and 40 231 
(5.1%) had atrial fibrillation/flutter.

Clinical characteristics
A total of 71 860 (9.1%) patients were young adults (<50 
years) and 721 315 (90.9%) were older adults (≥50 years). 
The mean age among young adults was 43.8±5.3 years 
and 68.3±10.0 years among older adults. A larger propor-
tion of the young adults were men (76.3% vs 61.3%) and 
did not have health insurance coverage (12.9% vs 5.7%), 
compared with older adults. Young adults had a lower 
prevalence of cardiovascular risk factors compared with 
older adults, including history of stroke or TIA (22.5% vs 
34.0%), CAD/prior MI (4.0% vs 9.3%), diabetes mellitus 
(15.3% vs 22.1%), hypertension (53.9% vs 65.5%) and 
atrial fibrillation (1.2% vs 5.5%). Young adults had a 
lower rate of medication use than older adults, including 
hypoglycaemic drugs (10.9% vs 17.4%), antihypertensive 
drugs (33.5% vs 48%), antiplatelet drugs (14.6% vs 21.5%) 
and lipid-lowering drugs (11.4% vs 15.3%). However, 
diastolic blood pressure in young adults was significantly 
higher than that of older adults (mean±SD 92.3±16.1 vs 
mean±SD 86.5±13.5), and young adults had a statistically 
higher mean BMI than older adults (mean±SD 24.9±4.8 
vs mean±SD 23.9±4.2). The proportion of young adults 
who smoked was also higher than that of older adults 
(49.9% vs 35.9%) (table 1).

IV tPA treatment rates
Young adults were treated more frequently with IV tPA 
than older adults among patients without contraindica-
tions to thrombolysis (7.2% vs 6.1%, aOR 1.13, 95% CI 
1.10 to 1.17) and among patients without contraindica-
tion and with onset-to-door time  ≤3.5 hours (23.6% vs 
19.3%, aOR 1.20, 95% CI 1.15 to 1.24). Data from sensi-
tivity analyses showed consistent results (table 2).

Treatment time
While young adults were more likely to receive IV tPA, 
there was no significant difference in onset-to-needle 
time (median 2.7 hours, IQR 2.0–3.5 for both groups) 
and DNT (median 60.0 min, IQR 42.0–90.0 vs median 
60.0 min, IQR 36.0–84.0) among young and older adults. 
DNT was also analysed as a binary outcome at three levels: 
DNT ≤30, DNT ≤45 and DNT ≤60 min. There were no 
significant differences between the two groups on any 
DNT level (16.9% vs 18.8%; 30.2% vs 32.8%; 50.2% vs 
54.2%) (table 3).

In-hospital outcomes
In-hospital outcomes including sICH, in-hospital 
mortality and independent ambulation at discharge are 
summarised in table 4. Multiple logistic regression with 
adjustments of unbalanced covariates (ASD% >10% in 
online supplemental table Ⅱ) showed that young adults 
had non-significantly lower rates of sICH (0.5% vs 0.9%, 
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Table 1  Baseline characteristics of young and old patients with ischaemic stroke

Baseline characteristics
Total
(n=793 175 (100%))

Young adults
(<50 years)
(n=71 860 (9.1%))

Old adults
(≥50 years)
(n=721 315 (90.9%))

ASD (%)/H-L 
estimator*

Patient characteristics

 � Age, years 66.1±12.0 43.8±5.3 68.3±10.0 306.1

 � Male, n (%) 496 960 (62.7) 54 850 (76.3) 442 110 (61.3) 32.8

 � Insurance status, n (%)

  �  UEBMI 225 940 (28.5) 19 160 (26.7) 206 780 (28.7) 4.5

  �  URBMI 149 839 (18.9) 12 393 (17.2) 137 446 (19.1) 4.9

  �  NRCMS 333 979 (42.1) 27 587 (38.4) 306 392 (42.5) 8.4

  �  Self-pay 50 727 (6.4) 9263 (12.9) 41 464 (5.7) 25.0

  �  Other 32 690 (4.1) 3457 (4.8) 29 233 (4.1) 3.4

Arrive mode, n (%)

 � Ambulance 89 484 (11.3) 7170 (10.0) 82 314 (11.4) 4.5

 � Private car 372 727 (47.0) 33 340 (46.4) 339 387 (47.1) 1.4

 � Taxi 68 801 (8.7) 6743 (9.4) 62 058 (8.6) 2.8

 � Bicycle or tricycle 7237 (0.9) 577 (0.8) 6660 (0.9) 1.1

 � Helicopter 338 (0.0) 27 (0.0) 311 (0.0)

 � Mobile stroke unit 246 (0.0) 24 (0.0) 222 (0.0)

 � Other 254 342 (32.1) 23 979 (33.4) 230 363 (31.9) 3.2

Medical history, n (%)

 � Previous stroke/TIA 261 760 (33.0) 16 197 (22.5) 245 563 (34.0) 25.8

 � CAD/prior MI 69 810 (8.8) 2906 (4.0) 66 904 (9.3) 21.4

 � Diabetes 170 638 (21.5) 10 985 (15.3) 159 653 (22.1) 17.5

 � Peripheral vascular disease 13 512 (1.7) 718 (1.0) 12 794 (1.8) 6.8

 � Hypertension 510 928 (64.4) 38 722 (53.9) 472 206 (65.5) 23.8

 � Smoking† 294 708 (37.2) 35 848 (49.9) 258 860 (35.9) 28.6

 � Atrial fibrillation/flutter 40 231 (5.1) 886 (1.2) 39 345 (5.5) 24.1

 � Dyslipidaemia 60 605 (7.6) 5861 (8.2) 54 744 (7.6) 2.2

 � Carotid stenosis 10 161 (1.3) 509 (0.7) 9652 (1.3) 6.0

Medication history, n (%)

 � Anticoagulants 31 326 (3.9) 2394 (3.3) 28 932 (4.0) 3.7

 � Hypoglycaemic drugs 133 244 (16.8) 7802 (10.9) 125 442 (17.4) 18.7

 � Antihypertensive drugs 370 017 (46.7) 24 065 (33.5) 345 952 (48.0) 29.8

 � Antiplatelet drugs 165 771 (20.9) 10 482 (14.6) 155 289 (21.5) 18.0

 � Lipid-lowering drugs 118 827 (15.0) 8171 (11.4) 110 656 (15.3) 11.5

NIHSS score in hospital‡ 3.0 (2.0–6.0) 3.0 (1.0–5.0) 3.0 (2.0–6.0)

Biochemical indicators

 � Glycated haemoglobin§, % 5.8 (5.3–6.5) 5.7 (5.2–6.1) 5.8 (5.3–6.5)

 � BMI¶ 24.0±4.3 24.9±4.8 23.9±4.2 22.2

 � Homocysteine**, µmol/L 13.9 (10.4–19.1) 13.4 (10.0–19.0) 13.9 (10.5–19.1)

 � Systolic blood pressure††, mm 
Hg

150.0±23.0 147.9±24.4 150.2±22.8 9.7

 � Diastolic blood pressure‡‡, mm 
Hg

87.0±13.9 92.3±16.1 86.5±13.5 39.0

Hospital characteristics, n (%)

 � Hospital level

Continued
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aOR=0.74, 95% CI 0.49 to 1.11) than older adults. 
However, young adults had significantly lower rates of 
in-hospital mortality (0.5% vs 1.3%, aOR=0.54, 95% CI 
0.35 to 0.82) and were more likely to be independently 
ambulating at discharge (61.0% vs 53.6%, aOR=1.15, 
95% CI 1.08 to 1.22).

In sensitivity analyses adjusted for NIHSS scores, 
young adults had non-significantly lower odds of sICH 
(aOR=0.77, 95% CI 0.5 to 1.18), in-hospital mortality 
(aOR=0.70, 95% CI 0.46 to 1.09) and a neutral association 
with independent ambulation at discharge (aOR=1.00, 

95% CI 0.93 to 1.08). Sensitivity analysis using different 
age cut-off point (<35 years and ≥35 years) showed consis-
tent results with primary analysis (online supplemental 
table III). But when we used another age cut-off point 
(<45 years and  ≥45 years), we had a lower sICH rate 
(aOR=0.44, 95% CI 0.19 to 0.99) in the young group 
(online supplemental table IV).

Baseline characteristics
Total
(n=793 175 (100%))

Young adults
(<50 years)
(n=71 860 (9.1%))

Old adults
(≥50 years)
(n=721 315 (90.9%))

ASD (%)/H-L 
estimator*

  �  Secondary hospital 303 790 (38.3) 23 993 (33.4) 279 797 (38.8) 11.3

  �  Tertiary hospital 489 385 (61.7) 47 867 (66.6) 441 518 (61.2) 11.3

 � Hospital region

  �  Eastern China 365 579 (46.1) 32 744 (45.6) 332 835 (46.1) 1.0

  �  Central China 262 618 (33.1) 24 477 (34.1) 238 141 (33.0) 2.3

  �  Western China 164 978 (20.8) 14 639 (20.4) 150 339 (20.8) 1.0

*H-L estimator; an absolute standardised difference (%) >10% indicates meaningful imbalance between two groups.
†Smoking: having smoking experience or behaviours.
‡Information was missing for n=154 052 patients (19.4%).
§Information was missing for n=84 393 patients (10.6%); median was used for imputation.
¶Information was missing for n=12 698 patients (1.6%); median was used for imputation.
**Information was missing for n=35 781 patients (4.5%).
††Information was missing for n=245 patients (≈0.0%); median was used for imputation.
‡‡Information was missing for n=251 patients (≈0.0%); median was used for imputation.
ASD, absolute standardised difference; CAD, coronary artery disease; H-L, Hodges-Lehmann; MI, myocardial infarction; NIHSS, National 
Institutes of Health Stroke Scale; NRCMS, New Rural Cooperative Medical Scheme; TIA, transient ischaemic attack; UEBMI, Urban Employee 
Basic Medical Insurance; URBMI, Urban Resident Basic Medical Insurance.

Table 1  Continued

Table 2  Multivariable analysis of IV tPA treatment by age group

Treatment Rate of IV tPA
aOR (95% CI) from 
model 1

aOR (95% CI) from 
model 2

aOR (95% CI) from 
model 3

aOR (95% CI) 
from model 4

IV tPA among patients without 
contraindications

49 456/793 175 (6.2)

 � Young adults 5181/71 860 (7.2) 1.19 (1.15 to 1.22) 1.13 (1.10 to 1.17) 1.20 (1.16 to 1.24) 1.19 (1.15 to 1.22)

 � Old adults 44 275/721 315 (6.1) 1.00 1.00 1.00 1.00

IV tPA among patients without 
contraindication and with 
onset-to-door time ≤3.5 hours

45 842/232 905 (19.7)

 � Young adults 4768/20 191 (23.6) 1.29 (1.25 to 1.34) 1.20 (1.15 to 1.24) 1.24 (1.20 to 1.29) 1.23 (1.19 to 1.28)

 � Old adults 41 074/212 714 (19.3) 1.00 1.00 1.00 1.00

Model 1: logistic regression model without adjustment.
Model 2: adjusted for gender, insurance, BMI, previous stroke/TIA, previous CAD/prior MI, diabetes, hypertension, have smoking experience or 
behaviour, atrial fibrillation/flutter, glycated, haemoglobin, diastolic blood pressure, hypoglycaemic drugs, antihypertensive drugs, antiplatelet drugs, 
lipid-lowering drugs and hospital level.
Model 3: adjusted for were in-hospital NIHSS score, gender, insurance, BMI, previous stroke/TIA, previous CAD/prior MI, diabetes, hypertension, 
have smoking experience or behaviour, atrial fibrillation/flutter, glycated haemoglobin, diastolic blood pressure, hypoglycaemic drugs, 
antihypertensive drugs, antiplatelet drugs, lipid-lowering drugs and hospital level. Patients (n=154 052) with missing values on NIHSS score were not 
included in this analysis.
Model 4: results from multiple imputation.
aOR, adjusted OR; BMI, body mass index; CAD, coronary artery disease; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale; 
IV tPA, intravenous tissue plasminogen activator.

https://dx.doi.org/10.1136/bmjopen-2021-055055
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DISCUSSION
In this hospital-based observational study of 793 175 
patients with AIS, we found that young adults (<50 years 
of age) were more likely to be treated with IV tPA than 
older adults (7.2% vs 6.1%), which was consistent with our 
hypothesis. Our study demonstrated that young patients 
with stroke had fewer comorbidities (previous stroke/
TIA, previous CAD/prior MI, diabetes, hypertension and 
atrial fibrillation/flutter) at baseline, which may compel 
providers to feel more secure in administering IV tPA to 
this group of patients. Even though we did not observe 
a difference in DNT between age groups, we found that 
young adults had more favourable in-hospital outcomes 
than older adults, including lower odds of sICH, in-hospital 
mortality and higher odds of independent ambulation at 

discharge. However, after adjusting for NIHSS scores, the 
differences were not significant. Therefore, the benefit 
among young adults may be explained by stroke severity 
measured by NIHSS score.

We chose 50 as the cut-off age because several important 
international studies on thrombolytic therapy in young 
people also set the cut-off age at 50 years.15 16 Using the 
same cut-off age value would benefit the comparison 
with other studies and also have advantages for potential 
systematic review and meta-analysis.

IV tPA thrombolytic therapy is considered to be the 
standard therapy in patients with acute ischaemic stroke. 
However, its use has been studied primarily in adults over 
age 50 years.16 Given increasing evidence in the literature 
that thrombolytic therapy rarely causes haemorrhages in 

Table 3  Treatment time in young and old patients with ischaemic stroke treated with IV tPA

Measures
Total
(n=48 141 (100%))

Young adults
(<50 years)
(n=5044 (10.5%))

Old adults
(≥50 years)
(n=43 097 (89.5%))

ASD (%)/H-L 
estimator*

Onset-to-needle time†, hour 2.7 (2.0–3.5) 2.7 (2.0–3.5) 2.7 (2.0–3.5)  �

DNT‡, min 60.0 (36.0–84.0) 60.0 (42.0–90.0) 60.0 (36.0–84.0)  �

Treatment time  �   �   �   �

 � DNT ≤30 min 8938 (18.6) 850 (16.9) 8088 (18.8) 5.0

 � DNT ≤45 min 15 637 (32.5) 1521 (30.2) 14 116 (32.8) 5.6

 � DNT ≤60 min 25 884 (53.8) 2531 (50.2) 23 353 (54.2) 8.0

*H-L estimator; an absolute standardised difference (%) >10% indicates meaningful imbalance between two groups.
†Onset-to-needle time was missing for 3818 (7.9%) patients, with 431 (8.5%) in age <50 years and 3387 (7.9%) in age ≥50 years groups.
‡DNT was missing for 3027 (6.3%) patients, with 342 (6.8%) in age <50 years and 2685 (6.2%) in age ≥50 years groups.
ASD, absolute standardised difference; DNT, door-to-needle time; H-L, Hodges-Lehmann; IV tPA, intravenous tissue plasminogen activator.

Table 4  In-hospital outcomes in young and old patients with ischaemic stroke treated with IV tPA

Outcome Rate of outcomes
aOR (95% CI) from 
model 1

aOR (95% CI) from 
model 2

aOR (95% CI) from 
model 3

aOR (95% CI) from 
model 4

sICH 414/48 141 (0.9)  �   �   �   �

 � Young adults 26/5044 (0.5) 0.57 (0.38 to 0.85) 0.74 (0.49 to 1.11) 0.77 (0.5 to 1.18) 0.79 (0.52 to 1.20)

 � Old adults 388/43 097 (0.9) 1.00 1.00 1.00 1.00

In-hospital mortality 579/48 141 (1.2)  �   �   �   �

 � Young adults 24/5044 (0.5) 0.37 (0.24 to 0.55) 0.54 (0.35 to 0.82) 0.70 (0.46 to 1.09) 0.65 (0.43 to 1.00)

 � Old adults 555/43 097 (1.3) 1.00 1.00 1.00 1.00

Independent ambulation at 
discharge

26 175/48 141 (54.4)  �   �   �   �

 � Young adults 3079/5044 (61.0) 1.36 (1.28 to 1.44) 1.15 (1.08 to 1.22) 1.00 (0.93 to 1.08) 1.02 (0.96 to 1.10)

 � Old adults 23 096/43 097 (53.6) 1.00 1.00 1.00 1.00

Model 1: logistic regression model without adjustment.
Model 2: adjusted for gender, insurance, BMI, previous stroke/TIA, previous CAD/prior MI, diabetes, hypertension, have smoking experience or 
behaviour, atrial fibrillation/flutter, glycated haemoglobin, diastolic blood pressure, systolic blood pressure, hypoglycaemic drugs, antihypertensive 
drugs, antiplatelet drugs and lipid-lowering drugs.
Model 3: adjusted for in-hospital NIHSS score, gender, insurance, BMI, previous stroke/TIA, previous CAD/prior MI, diabetes, hypertension, have 
smoking experience or behaviour, atrial fibrillation/flutter, glycated haemoglobin, diastolic blood pressure, blood pressure, hypoglycaemic drugs, 
antihypertensive drugs, antiplatelet drugs and lipid-lowering drugs. Patients (n=2503) with missing values on NIHSS score were not included in this 
analysis.
Model 4: results from multiple imputation.
aOR, adjusted OR; BMI, body mass index; CAD, coronary artery disease; MI, myocardial infarction; NIHSS, National Institutes of Health Stroke Scale; 
sICH, symptomatic intracranial haemorrhage; IV tPA, intravenous tissue plasminogen activator.
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patients with stroke-mimicking conditions, providers may 
also feel more comfortable administering IV tPA to young 
adults when it is uncertain whether a stroke or a stroke 
mimic had occurred.25 Our research also supports this 
conclusion. Young adults had similar time to treatment 
and were more likely to be treated than older adults, 
which may reflect increased awareness among patients 
and clinicians that stroke is a potentially fatal disease 
affecting people of all ages.

The relationship between time to treatment and 
mortality was first recognised in clinical studies.26 27 The 
importance of this metric was re-emphasised in the 2004 
American College of Cardiology/American Heart Associ-
ation practice guidelines, which stated that DNT targets 
‘should not be perceived as an average performance stan-
dard but as a goal that an early treatment system in every 
hospital should seek for every appropriate patient’.28 
Consistent with a prior analysis of The Safe Implemen-
tation of Thrombolysis in Stroke-International Stroke 
Thrombolysis Register (SITS-ISTR) showing no differ-
ence in median door-to-needle times between patients 
18–50 and >50 years of age, there was also not an obvious 
differentiation in treatment among young or older adults 
in our study.15 However, a prior study by Dodds et al found 
that young adults (18–40 years) with AIS were more likely 
to experience a delay in evaluation and treatment.13 Our 
definition of young adults (age  <50 years) differs from 
theirs (age 18–40 years) and is more applicable in China, 
which may also explain why we did not find differences 
in treatment times between the two groups.29 Another 
explanation for the lack of differences in treatment times 
between the two groups may be that DNT mainly depends 
on hospital level and treatment process rather than age.

In our study, we observed a higher rate of sICH and 
in-hospital mortality among older adults treated with 
IV tPA, although the difference was not significantly 
adjusted for NIHSS scores. We cannot entirely separate 
young age from lower NIHSS score, as young patients 
are highly correlated with lower NIHSS scores in clinical 
practice (4.0±4.5 vs 4.9±5.3, the Rank Biserial correlation 
coefficient in this study is 0.10, p<0.001). Therefore, the 
associations may be partly explained by stroke severity 
measured by NIHSS score. Although we do not find signif-
icant differences between these two groups, we do see a 
trend towards better outcomes in young people. One 
possible explanation is that younger patients with stroke 
have fewer comorbidities in their medical history, such as 
previous stroke or TIA, CAD/MI, diabetes mellitus, hyper-
tension and atrial fibrillation, as well as milder strokes, 
all of which are associated with better outcomes.30 Other 
factors favouring recovery in young patients with stroke 
include greater brain plasticity and more robust family 
and social support.31

There are several limitations in our study. Since hospital 
participation in the CSCA is voluntary, participating 
hospitals are more likely to be larger, tertiary centres with 
a myriad of resources that smaller hospitals do not have 
access to. We recognise that findings from CSCA may not 

be generalisable to patients with AIS admitted to hospi-
tals outside of the CSCA. Second, we did not report data 
on intra-arterial therapies and puncture times because 
only a very small number of patients in our study received 
thrombectomy. We also did not have door-to-imaging 
data to support the study and there was a relatively high 
proportion of missing DNT values (6.3% overall, 6.8% 
in young and 6.2% in older patients). However, we did 
not observe a significant difference in DNTs between 
young and older patients with AIS. Lastly, although we 
provided some possible explanation for the differences 
between young and old adults group, further researches 
are needed to explorer the detailed mechanism.

CONCLUSION
In summary, young adults with AIS are more likely to 
receive IV tPA than older adults, but there is no differ-
ence between the two groups in time to treatment. Young 
adults may have better in-hospital outcomes compared 
with older adults, suggesting favourable effects of treat-
ment with IV tPA.
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