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Background: Functional recovery is an important clinical outcome for patients with stroke. Hospital-level 
variation occurs in functional outcome after stroke. However, the extent to which patient characteristics, 
hospital characteristics, process of care, and medication persistence contribute to the hospital variation in 
poor functional outcome after ischemic stroke is unknown in China.
Methods: We retrospectively analyzed patients enrolled in the Third China National Stroke Registry 
from 2015 to 2018. The outcome was poor functional outcome (modified Rankin Scale score of 3–6) at  
3 months and 1 year. We used the median odds ratio to quantify the hospital-level variation in rates of poor 
functional outcome. A series of hierarchical logistic models were constructed to assess the extent to which 
patient characteristics, hospital characteristics, process of care, and medication persistence contributed to the 
hospital variation. 
Results: A total of 13,218 patients with acute ischemic stroke from 159 hospitals were included. The risk-
adjusted rates of the poor functional outcome at 3 months and 1 year after ischemic stroke varied across 
hospitals, ranging from 6.0% to 26.0% and 6.8% to 24.0%, respectively. The median odds ratio was 1.78 at 
3 months and 1.67 at 1 year. Hierarchical logistic models indicated that the patient characteristics, hospital 
characteristics, process of care, and the medication persistence explained 27.5%, 7.0%, 6.5%, and 5.0% of 
the variation at 1 year. Altogether, 36.8% and 46.1% of the hospital variation in 3-month and 1-year poor 
functional outcome, respectively, was explained. 
Conclusions: There was a wide variation in rates of functional outcomes across hospitals. Approximately 
half of the variation at 1 year can be explained by patient characteristics, hospital characteristics, process 
of care, and medication persistence. Approximately 11.5% of the variation can be modified through 
improvements in the process of care and medication persistence. More studies are needed to explore the 
contribution of post-discharge care in the future. 
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Introduction

Stroke is one of the leading causes of mortality and 
disability worldwide (1). Stroke patients are more likely 
to be left with disability than to die of stroke (2). It was 
estimated that there were 80.1 million stroke survivors 
globally in 2006, with 24 million stroke survivors in China 
(3,4). Improving the outcome for patients after stroke is 
the main objective for the management of stroke. In the 
past decades, substantial advancements in stroke care have 
been made, such as intravenous thrombolysis, endovascular 
clot retrieval (5,6), and antiplatelet and lipid-lowering 
therapies (7,8). These have been incorporated into stroke 
patient management guidelines and are widely employed in 
clinical practice to improve the quality of care. To evaluate 
and monitor the quality of care, some indicators were 
proposed, such as antiplatelet medication within 48 hours 
after stroke onset, antiplatelet medication at discharge, 
early rehabilitation, screening for swallowing disorders, 
and so on (9). The outcome indicators were often used to 
profile the hospital performance, such as 30-day mortality, 
readmission, and functional recovery (2).

Functional status, which is more sensitive than vital 
status, may reflect the process of care or stroke-related 
intervention. Additionally, functional impairment is a 
common sequela of stroke and functional status, which is a 
patient-center metric, and is of significance to patients and 
their families (2). A better understanding of the hospital 
variation in functional outcome can help to assess the quality 
of care and guide the measures to reduce the variations. 
Although previous studies have found the variation in 
functional outcomes if the patients were treated in different 
hospitals, it was uncertain about the sources of the hospital 
variation (10,11). This hospital-level variation in functional 
outcome may result from the patient characteristics, hospital 
characteristics, process of care, medication persistence, 
or chance. However, the extent to which these sources 
contribute to the hospital variation in functional outcomes 
for patients with acute ischemic stroke is unclear. Using data 
from national perspective stroke registry, this study aimed to 
examine whether hospital variation in functional outcomes 
exists for patients with acute ischemic stroke in China and to 
explore the extent to which patient characteristics, hospital 
characteristics, process of care, and medication persistence 
contribute to this variation.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1860).

Methods

Data source 

We used the data from the Third China National Stroke 
Registry (CNSR-III) study. The details of the CNSR-
III are published elsewhere (12). Briefly, CNSR-III is a 
multicenter prospective nationwide stroke registry study. 
Overall, 15,166 patients with acute ischemic stroke and 
transient ischemic attack were consecutively included from 
201 hospitals in China from August 2015 to March 2018. 
Patients aged older than 18 years and within 7 days of the 
symptom onset were recruited. According to the World 
Health Organization criteria, stroke is defined as “rapidly 
developing clinical signs of focal (or global) disturbance of 
cerebral function, lasting more than 24 hours or leading 
to death, with no apparent cause other than that of 
vascular origin (13)”. In all patients, acute ischemic stroke 
was confirmed by magnetic resonance imaging or brain 
computed tomography. Trained research coordinators 
collected the baseline data through an electronic data 
capture system. Patient demographics, medical history, 
risk factors, in-hospital therapies, the National Institutes 
of Health Stroke Scale (NIHSS) score, and modified 
Rankin Scale (mRS) score were extracted from the medical 
records or interview. Follow-ups were performed at 3, 6, 
and 12 months by face-to-face or telephone interview. 
The information on functional dependence, cardiovascular 
events, medication, and risk factor controlling were 
recorded during the follow-up. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The CNSR-III study was approved by the 
institutional review board of Beijing Tiantan Hospital (NO. 
KY2015-001-01) and informed consent was taken from all 
the patients.

Outcome and study population 

The outcome of the present study was poor functional 
outcome defined as mRS score of 3–6 at 3 months and  
1 year (10,11). In this study, we included all patients with 
acute ischemic stroke. We excluded those missing related 
covariates in the adjusted model as described below 
(n=137). To obtain a reliable estimation of 1-year functional 
outcomes, we also excluded patients admitted to hospitals 
with <20 patients (n=413). The patients lost at 3 months or 
1 year were also excluded (n=378). Finally, our analytical 
cohort in this study comprised of 13,218 patients from 159 
hospitals. The details of the patient inclusion are described 
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Figure 1 Flowchart of patient selection.

Patients included in the Third China National Stroke Registry
(n=15,166)

Patients diagnosed with ischemic stroke
(n=14,146) 

Patients diagnosed with transient ischemic attack (n=1,020)

• Patients missing related covariates of interested (n=137)
• Patients admitted to hospitals with <20 patients (n=413)
• Lost at 3 months or 1 year (n=378)

Patients included in the study
(n=13,218)

in Figure 1.

Covariates

To adjust for the patient characteristics, we chose a list of 
variables based on the literature and clinical relevance. The 
variables were adjusted as follows: age, sex, stroke severity 
(NIHSS score, subdivided into four risk categories based 
on the quartiles), stroke etiology (five categories based on 
Trial of Org 10172 in Acute Stroke Treatment, TOAST: 
large artery atherosclerosis, cardiogenic embolism, small 
artery occlusion, stroke of another determined cause, stroke 
of an undetermined cause), hypertension, hyperlipidemia, 
atrial fibrillation, diabetes, coronary heart disease, 
current smoking, cancer, renal dialysis, and the pre-stroke 
dependency (independent with mRS score ≤2, dependent 
with mRS score >2).

Hospital characteristics assessed in this study included 
the status of academic, geographic region (east, central, 
west), and stroke unit. All these data were collected from 
the participating hospitals. 

Given that the process of care was another potential 
source of hospital variation in functional outcomes, we 
selected nine processes of care that can be applied to 
the patients with ischemic stroke regarding the national 
indicator of the quality of care, stroke management 
guidelines (14), and Get With The Guidelines-Stroke (15):  
(I)  intravenous thrombolysis  (recombinant t issue 
plasminogen activator, rtPA), (II) endovascular therapy 

(mechanical thrombectomy, MT), (III) in-hospital 
antiplatelet medicine, (IV) oral anticoagulation for patients 
with atrial fibrillation, (V) in-hospital medication for 
lowering low-density lipoprotein cholesterol (LDL-C), (VI) 
antihypertensive medicine, (VII) hypoglycemic treatment, 
(VIII) deep vein thrombosis (DVT) prophylaxis, and (IX) 
the evaluation of limb rehabilitation before discharge.

Additionally, medication persistence after discharge 
was an important factor for outcomes after acute ischemic 
stroke (16,17). In this study, we considered the information 
on medication persistence at 3 months after discharge 
as another potential source of variation in functional 
outcomes after stroke. Medication persistence was defined 
as continuously taking medication from discharge to 
3-month post-discharge. If the patients failed to take 
any prescribed medications, including antihypertensive 
agents, hypoglycemic medicine, antiplatelet agents, oral 
anticoagulation, and lipid-lowering drugs, at 3-month post-
discharge, the patient was defined as “non-persistence” as 
the previous study (18). 

Statistical analyses

For descriptive purposes, we used the quartiles of risk-
adjusted hospital-level rates of poor functional outcome 
at 1 year (described as model 1 below) to categorize the 
hospitals into four groups (Q1–Q4). Patients’ characteristics 
and hospital characteristics were described using means 
and standard deviation or medians and interquartile ranges 
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(IQRs) for continuous variables and percentages for 
categorical variables. To test the linear trend of baseline 
characteristics of patients and hospitals by groups, we used 
Cochran-Mantel-Haenszel non-zero correlation tests for 
continuous variables and Cochran-Mantel-Haenszel row 
mean scores for categorical variables. We used hierarchical 
logistic models to investigate the variations in poor 
functional outcome at 3 month and 1 year with a random 
intercept to account for inter-hospital correlation. To 
facilitate the interpretation of the variability, we used the 
median odds ratio (MOR) as per previous study (19), which 
quantified the average increased risk of an identical patient 
moving randomly from a hospital with a lower risk to 
another hospital with a higher risk.

A series of hierarchical logistical models were constructed 
to assess the degree to which patient characteristics, hospital 
characteristics, process of care, and medication persistence 
contributed to the variation in hospital-level rates of poor 
functional outcome. First, the null model (Model 0) was 
developed with only hospital-specific random intercepts 
and no covariates included. In the view of potential sources 
of hospital-level rates of poor functional outcome, the 
subsequent models were constructed. In Model 1, we 
added the patient characteristics to adjust for the case mix. 
Based on Model 1, the risk-adjusted rates for each hospital 
were estimated using predicted versus expected ratios 
multiplied by the overall unadjusted rates of poor functional 
outcome (2). The included hospitals were classified into 
four groups based on the quartiles of risk-adjusted rates 
to describe the baseline characteristics. Model 2 consisted 
of the covariates in Model 1 plus hospital characteristics. 
Model 3 consisted of the covariates in Model 2 and the 
process of care, including MT and rtPA, the antiplatelet 
therapy, oral anticoagulation, lipid-lowering therapy, 
antihypertensive medicine, hypoglycemic treatment, DVT 
prophylaxis, and the evaluation of limb rehabilitation. 
Model 4 consisted of the covariates in Model 3 plus the all-
or-none medication persistence. We used the proportional 
change in variance (PCV) to quantify the extent to which 
patient characteristics, hospital characteristics, process 
of care, and medication persistence contributed to the 
hospital-level variation in rates of poor functional outcome. 

The PCV equation is as follows: A B

A

V VPCV
V
−

= , where VA 

is the variance of the initial model and VB is the variance of 

the subsequent model with additional covariates (20,21). 
The PCV indicates the proportion of hospital variation 

explained by the additional covariates. 
Additionally, several sensitivity analyses were conducted. 

First, we performed a sensitivity analysis by including all 
patients in all hospitals and patients in hospitals with >50 
patients included. Second, we used multiple imputation 
method to reduce the bias caused by missing data. Third, 
the composite persistence defined as percentage of 
discharge medication classes that subjects reported taking at 
3 months was also used to do a sensitivity analysis (22). 

A two-sided P value <0.05 was considered statistically 
significant. SAS software version 9.4 (SAS Institute Inc, 
Cary, NC) was used for all analyses.

Results

A total of 13,218 patients with acute ischemic stroke 
from 159 hospitals from August 2015 to March 2018 
were included in the study. Figure 1 displays the inclusion 
and exclusion criteria. The mean age of the patients was 
62.2±11.2 years, and 31.3% were female. Hypertension 
presented in 62.7% of included patients. The median 
NIHSS score was 3 (IQR, 2–6). Of these patients, 1,878 
(14.2%) and 1,780 (13.5%) were functionally dependent or 
dead at 3 months and 1 year, respectively.

The characteristics of the patients and hospitals by 
quartiles of risk-adjusted rates of poor functional outcome 
are listed in Table 1. Based on the quartile of risk-adjusted 
rates, the hospitals were categorized into four groups 
(≤11.1% for Q1, 11.2% to 13.2% for Q2, 13.3% to 16.4% 
for Q3, >16.4% for Q4). Patients presenting to hospitals 
with high risk-adjusted rates were more likely to be older, 
with a higher prevalence of hypertension, atrial fibrillation, 
and large artery atherosclerosis. No difference was noted 
in other comorbidities. Compared with Q4, the patients 
presenting to hospitals with a low risk-adjusted rate of 
poor functional outcome tended to be with pre-stroke 
dependence (P<0.001). Of the 159 hospitals, 124 (78%) 
provided organized stroke unit care and 122 (76.7%) were 
academic hospitals. More than half of the participating 
hospitals were located in the east of China.

Table 2 shows the process of care patients received. 
Overall ,  8.8% of the patients received rtPA. The 
proportion of MT was low in all groups, and we observed 
no significant difference in the proportions of MT 
between groups (P=0.746). A relatively high proportion 
of patients received antiplatelet and LDL-C-lowering 
medication during hospitalization. There were 10.3% 
of patients received oral anticoagulation. The difference 
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Table 1 Patient and hospital characteristics by quartiles of hospital level rates of poor functional outcome at 1 year

Variable
Overall 

(N=13,218)
Quartile 1 (N=3,191), 
median rate: 9.7%

Quartile 2 (N=3,568), 
median rate: 12.5%

Quartile 3 (N=2,675), 
median rate:14.9%

Quartile 4 (N=3,784), 
median rate: 18.1%

P for 
trend

Patient characteristics

Male, n (%) 9,085 (68.7) 2,223 (69.7) 2,457 (68.9) 1,862 (69.6) 2,543 (67.2) 0.0451

Age 62.2±11.2 61.3±10.8 62.2±11.1 62.2±11.6 63.1±11.4 <0.001

Diabetes, n (%) 3,110 (23.5) 697 (21.8) 858 (24.0) 655 (24.5) 900 (23.8) 0.076

Hypertension, n (%) 8,293 (62.7) 1,972 (61.8) 2,198 (61.6) 1,706 (63.8) 2,417 (63.9) 0.024

Hyperlipidemia, n (%) 1,001 (7.6) 221 (6.9) 263 (7.4) 253 (9.5) 264 (7.0) 0.455

Atrial fibrillation, n (%) 902 (6.8) 181 (5.7) 241 (6.8) 206 (7.7) 274 (7.2) 0.006

Coronary heart disease,  
n (%)

1,390 (10.5) 327 (10.2) 398 (11.2) 283 (10.6) 382 (10.1) 0.592

NIHSS >4, n (%) 4,807 (36.4) 1,126 (35.5) 1,335 (37.4) 976 (36.5) 1,370 (36.2) 0.688

TOAST, n (%)

Large artery 
atherosclerosis

3,423 (25.9) 764 (23.9) 901 (25.3) 667 (24.9) 1,091 (28.8) 0.008

Cardiogenic embolism 809 (6.1) 181 (5.7) 233 (6.5) 171 (6.4) 224 (5.9)

Small artery occlusion 2,938 (22.2) 745 (23.3) 795 (22.3) 621 (23.2) 777 (20.5)

Another determined cause 165 (1.2) 54 (1.7) 36 (1.0) 29 (1.1) 46 (1.2)

Undetermined cause 5,883 (44.5) 1,447 (45.3) 1,603 (44.9) 1,187 (44.4) 1,646 (43.5)

Smoking, n (%) 4,218 (31.9) 1,029 (32.2) 1,166 (32.7) 890 (33.3) 1,133 (29.9) 0.044

Cancer, n (%) 122 (0.9) 23 (0.7) 33 (0.9) 29 (1.1) 37 (1) 0.235

Renal dialysis, n (%) 4,218 (31.9) 1,029 (32.2) 1,166 (32.7) 890 (33.3) 1,133 (29.9) 0.759

Prestroke dependency,  
n (%)

580 (4.4) 152 (4.8) 212 (5.9) 92 (3.4) 124 (3.3) <0.001

Hospital characteristics

No. of hospital 159 40 40 39 40 –

Stroke unit, n (%) 124 (78.0) 31 (77.5) 35 (87.5) 30 (76.9) 28 (70.0) 0.259

Academic, n (%) 122 (76.7) 30 (75.0) 32 (80.0) 30 (76.9) 30 (75.0) 0.918

Geographic region, n (%)

East 94 (59.1) 19 (47.5) 21 (52.5) 26 (66.7) 28 (70.0) <0.001

Central 55 (34.6) 18 (45.0) 17 (42.5) 13 (33.3) 7 (17.5)

West 10 (6.3) 3 (7.5) 2 (5.0) 0 (0) 5 (12.5)

NIHSS, National Institutes of Health Stroke Scale; TOAST, Trial of Org 10172 in Acute Stroke Treatment.

of LDL-C-lowering and antihypertension treatment 
among groups was statistically significant (P<0.001). Limb 
rehabilitation was evaluated in 73.4% of the patients 
before discharge. Patients presenting to the hospitals with 

high risk-adjusted rates were more likely to receive DVT 
prophylaxis. There was a significantly lower prevalence of 
medication persistence at 3 months in hospitals with high 
risk-adjusted rates (P<0.001).
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Table 2 The process of care and medication persistence in hospital by quartiles of hospital level rates of poor functional outcome at 1 year

Variable
Overall  

(N=13,218)
Quartile 1 (N=3,191), 
Median rate: 9.7%

Quartile 2 (N=3,568), 
Median rate: 12.5%

Quartile 3 (N=2,675), 
Median rate:14.9%

Quartile 4 (N=3,784), 
Median rate: 18.1%

P for 
trend

rtPA, n (%) 1,158 (8.8) 218 (6.8) 357 (10.0) 334 (12.5) 249 (6.6) 0.918

Mechanical thrombectomy, 
n (%)

38 (0.3) 8 (0.3) 10 (0.3) 14 (0.5) 6 (0.2) 0.746

Lowering LDL-C treatment, 
n (%)

12,782 (96.7) 3,074 (96.3) 3,405 (95.4) 2,610 (97.6) 3,693 (97.6) <0.001

Antiplatelet treatment, n (%) 12,864 (97.3) 3,113 (97.6) 3,455 (96.8) 2,603 (97.3) 3,693 (97.6) 0.544

Oral anticoagulation, n (%) 1,357 (10.3) 277 (8.7) 381 (10.7) 360 (13.5) 339 (9.0) 0.353

Hypoglycemic treatment,  
n (%)

3,390 (25.6) 782 (24.5) 911 (25.5) 707 (26.4) 990 (26.2) 0.093

Antihypertension treatment, 
n (%)

6,178 (46.7) 1,485 (46.5) 1,522 (42.7) 1,171 (43.8) 2,000 (52.9) <0.001

DVT prophylaxis, n (%) 1,533 (11.6) 272 (8.5) 316 (8.9) 371 (13.9) 574 (15.2) <0.001

Evaluation of limb 
rehabilitation, n (%)

9,697 (73.4) 2,336 (73.2) 2,532 (71.0) 2,111 (78.9) 2,718 (71.8) 0.518

Medication persistence,  
n (%)

10,648 (80.6) 2,729 (85.5) 2,869 (80.4) 2,126 (79.5) 2,924 (77.3) <0.001

rtPA, tissue plasminogen activator; LDL-C, low-density lipoprotein cholesterol; DVT, deep vein thrombosis.

Hospital-level variation in rates of poor functional outcome

The median hospital-level crude rate of poor functional 
outcome was 13.2% (IQR, 8.1% to 19.4%) at 3 months and 
12.7% (IQR, 7.8% to 18.5%) at 1 year. When adjusted for 

the patient characteristics, the median risk-adjusted rate of 
poor functional outcome was 13.8% (IQR, 11.5% to 17.2%) 
at 3 months and 13.2% IQR, 11.1% to 16.4%) at 1 year. We 
ranked all hospitals based on the risk-adjusted rate of poor 
functional outcome (Figures 2,3). The risk-adjusted rates 
of poor functional outcome at 3 months and 1 year after 
ischemic stroke varied widely across hospitals, ranging from 
6.0% to 26.0% and 6.8% to 24.0%, respectively. There was 
an approximately two-fold difference in the risk-adjusted 
rates of poor functional outcome between the 10th (9.4%) 
and 90th (18.4%) percentile hospital at 1 year. The MOR 
was 1.78 at 3months and 1.67 at 1 year, which suggested that 
if an identical patient moved from a lower-risk hospital to 
a higher-risk hospital, the increased risk of poor functional 
outcome (in median) was 78% at 3 months and 67% at  
1 year. 

Sources of hospital-level variation in rates of poor 
functional outcome

We constructed a series of multilevel logistic models to 
estimate the extent to which patient characteristics, hospital 
characteristics, process of care during hospitalization, and 
medication persistence contributed to the hospital-level 

Figure 2 Hospital variability in rates of 3-month poor functional 
outcome after acute ischemic stroke. The reference indicates the 
median risk-adjusted rate of poor functional outcome with a value 
of 13.8%.
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variation in rates of poor functional outcome. Compared to 
the unadjusted model, the PCV reduction in Model 1 was 
32.0% and 27.5%, suggesting that the patient characteristics 
can explain 32.0% and 27.5% of the hospital variation in 
rates of poor functional outcome at 3 months and 1 year, 
respectively. When incorporating hospital characteristics, 
process of care in hospitalization, and medication 
persistence in Model 4, overall, 36.8% and 46.1% of the 
variation can be explained. 

The incremental PCV is shown in Table 3. The patient 
characteristics explained the larger proportion of the 
variation. For the poor functional outcome at 3 months 
and 1 year, the hospital characteristics accounted for 2.6% 
and 7.0% of the hospital-level variation. When adjusting 
the process of care and medication persistence, additional 
0.8% and 1.4% of the variation for 3-month functional 

outcome and 6.5% and 5.0% for 1-year functional outcome 
were explained. The extent to which patient characteristics, 
hospital characteristics, process of care, and medication 
persistence contributed to the variation changed little in the 
sensitivity analyses (data not shown). 

Discussion

In this large national registry of stroke, we found that there 
was a significant hospital-level variation in rates of poor 
functional outcome. If an identical patient with ischemic 
stroke moved from a hospital with a lower risk of poor 
functional outcome to a hospital with higher risk, the risk of 
poor functional outcome at 3 months and 1 year increased 
by 78% and 67% respectively, in the median. This hospital 
variation can be attributed to the patient characteristics, 
hospital characteristics, process of care patient received, 
and medication persistence; together, they explained 
36.8% and 46.1% of the variation at 3 months and 1 year. 
The remaining more than half of the hospital variation in 
functional outcomes remains unexplained.

This study demonstrated that a wide variation for 
functional outcomes existed in patients with acute ischemic 
stroke, despite age, the severity of stroke, and comorbidities, 
which were adjusted for. This was consistent with the 
results of previous studies. The Netherlands Stroke Survey 
in 10 centers also revealed variation in poor functional 
outcome at 1 year (25th percentile to 75th percentile, 37% 
to 75%) (11). Similarly, a study of 82 US hospitals with 
2083 ischemic stroke patients indicated significant variation 
in functional dependence or death, ranging from 0% to 
67% by hospitals (10). We note that compared with their 
studies, the rate of poor functional outcome in our study 
was lower. This may be because most of the patients in our 
study had mild strokes with a median NIHSS score of 3 

Table 3 Contribution of patient characteristics, hospital characteristics, process of care, and medication persistence to hospital-level variation in 
rates of poor functional outcome after acute ischemic stroke

Model

Poor functional outcome at 3 months Poor functional outcome at 1 year

PCV
Incremental PCV to the  

previous model
PCV

Incremental PCV to the  
previous model

Model 1: Patient characteristics 32.0% – 27.5% –

Model 2: Model 1 + Hospital characteristics 34.6% 2.6% 34.5% 7.0%

Model 3: Model 2 + Process of care 35.4% 0.8% 41.1% 6.5%

Model 4: Model 3 + Medication persistence 36.8% 1.4% 46.1% 5.0%

PCV, proportional change in variance.

Figure 3 Hospital variability in rates of 1-year poor functional 
outcome after acute ischemic stroke. The reference indicates the 
median risk-adjusted rate of poor functional outcome with a value 
of 13.2%.
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(IQR, 2–6) and were younger in our cohort. Although the 
rate of poor functional outcome at 1 year was lower than 
those of the two previous studies, all indicated the hospital-
level variation in functional outcome after adjusting for the 
severity of stroke, age, and potential covariates.

In this study, we found that the baseline characteristics 
of patients were the most crucial factor in the variation 
in functional outcome among other identified potential 
sources. Patients’ characteristics, including age, the 
severity of the stroke, preadmission dependence, and 
comorbidities, were significantly associated with the 
outcome after ischemic stroke. Based on the characteristics 
of patients, some prognostic models were developed to 
predict short-term or long-term outcomes after ischemic 
stroke (23,24). The prognostic model showed good 
discrimination and calibration in the external validation 
(25,26), which indicated the paramount effect of the 
characteristics of patients on functional outcomes. When 
profiling the performance of the hospital, it is necessary 
to adjust the heterogeneity of patients, especially in 
observational studies (2). Risk-adjusted functional status 
was recommended to be used for controlling the case-mix 
effect and to homogenize the hospitals (2). The patient 
characteristics contributed more than one-fourth of the 
variation in functional outcome, suggesting that intensive 
measures should be taken to decrease the prevalence of 
comorbidities and ultimately reduce the burden of stroke 
disability or mortality.

It was reasonable that hospital characteristics may be 
another source of hospital variation in functional outcomes. 
However, a small percentage of variation was explained by 
the hospital characteristics. We found the hospitals in the 
central of China had lower rates of poor functional outcome 
compared with the hospitals in the west of China, which 
may be partly due to the difference in economic level. 
In the previous study, some hospital characteristics were 
found to be associated with a lower risk of poor functional 
outcome, such as teaching hospitals and certified primary 
stroke centers (10). More studies designed to assess the 
association between hospital characteristics and outcomes at 
the hospital level are needed.

In this study, only 0.8% and 6.5% of the variation at  
3 months and 1 year was explained by the process of care, 
which was less than the percentage we expected. It was 
presumed that the process of care affected the outcomes 
after stroke. A series of indicators in process of care, which 
were supported by evidence-based clinical guidelines, 
were proposed to assess and promote the quality of 

stroke care (27). With respect to the association between 
process and outcome, some studies (28-30) have found the 
significant association, while others (31,32) have not. The 
uncertainty of association between process of care and 
outcome may result from a different selection of process 
of care and outcomes. The specific process of care may 
affect an outcome. For example, the MT procedure mainly 
improves functional outcomes but not mortality (33).  
More evidence is needed to confirm the associations 
between the process of care and clinical outcomes, which 
would help to select the target process of care to improve 
the outcomes.

We found medication persistence after index stroke 
was another source of hospital variation in functional 
outcomes, although it accounted for only 1.4% and 5.0% 
of the variation at 3 months and 1 year, respectively. Non-
persistence with secondary preventative medications is an 
independent factor for poor outcomes after stroke (18). 
There were approximately 20% of patients who failed 
to persist with prescribed medication at discharge in the 
current study. Besides education or counseling, new model 
and novel technology have been proposed to improve 
medication persistence (34,35).

In the current study, the identified source of hospital-
level variation in poor functional outcome can be 
categorized into two groups: unmodifiable factors and 
modifiable factors. From the perspective of care providers, 
the process of care and medication persistence are the 
modifiable factors. Although the contribution of the process 
of care and medication persistence after index stroke was 
only 11.5% of the variation for 1-year functional outcome, 
interventions targeting these processes of care and measures 
to improve the medication persistence should be applied to 
reduce the variation in functional outcomes across hospitals. 
For the unidentified sources of variation, we hypothesize 
that the care that patients received after discharge could 
play an important role, such as medical management of 
post-stroke depression, epilepsy, cognitive impairment, and 
access to therapy and rehabilitation specialists.

There are several limitations to the current study. 
First, due to the difference in patient characteristics and 
the process of care, this result could not be generalized 
into other regions or countries. The contributions of the 
identified factors should be confirmed by further studies. 
Second, most of the patients included were mild stroke 
patients. Although we incorporated NIHSS in the risk-
adjusted model to adjust for the severity of stroke, bias may 
exist. Thus, we should interpret the result with caution. 
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Third, in this study, we analyzed the contribution of the 
in-hospital process of care. However, some in-hospital 
processes of care such as carotid surgery were not analyzed. 
Additionally, the covariates on post-discharge care cannot 
be included, which may be an important potential source of 
variation, especially for long-term outcomes. More research 
is needed to explore the contribution of post-discharge 
care to hospital variation in functional outcomes. Fourth, 
the number of patients included in some hospitals was 
small, which may lead to unreliable rates of poor functional 
outcome. To minimize this effect, we confined the included 
hospital to >20 patients.

Conclusions

In conclusion, there was hospital-level variation in functional 
outcome at 3 months and 1 year after acute ischemic stroke, 
and the patient characteristics, hospital characteristics, in-
hospital process of care, and medication persistence after 
index stroke can explain 36.8% and 46.1% of this variation. 
More than half of the variation is unexplained. A better 
understanding of the hospital variation can help to identified 
hospitals with higher risk and take measures to improve the 
functional outcomes. The extent to which the post-discharge 
care patients received contributes to the variation should be 
explored in future studies. 
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