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Abstract
Goal: To determine the survival of patients with stroke for up to 10 years after a first-time stroke, and to investigate whether stroke rehabilitation within the first 3 months reduced long-term mortality in these patients.
Materials and methods: We used the medical claims data for a random sample of 1 million insured Taiwanese registered in the year 2000. 7,767 patients admitted for a first-time stroke between 2000 and 2005. 1,285 (16.7%) received rehabilitation within the first 3 months after stroke admission. The other 83.3% of patients served as a comparison cohort. A Cox proportional-hazards model was used to estimate the relative risk of mortality in relation to the rehabilitation intervention.
Findings: 181 patients with rehabilitation and 1,123 controls died, representing respective mortality rates of 25.0 and 32.7 per 1,000 person-years. Rehabilitation was significantly associated with a lower risk of mortality (hazard ratio 0.68, 95% confidence interval 0.58~0.79). Such a beneficial effect tended to be more obvious as the frequency of rehabilitation increased (p for the trend <0.0001), and was more evident in female patients.
Conclusions: Stroke rehabilitation initiated in the first 3 months after a stroke admission may significantly reduce the risk of mortality for 10 years after the stroke. 
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Introduction
Stroke is one of the most devastating neurological diseases, often resulting in disability and death 1[]
. A previous study proposed that modification of certain risk factors (e.g., hypertension, hyperlipidemia, smoking, obesity, physical inactivity, etc.) for stroke can prevent first or recurrent stroke, and also reduce long-term morbidity and mortality after a stroke and related healthcare costs 2[]
. Another study reported that an energetic and sustained program of risk factor control could reduce the stroke recurrence rate by 16% 3[]
. In addition, the mortality after stroke is consistently high among different ages 
 ADDIN EN.CITE 
[4-6]
, severity 
 ADDIN EN.CITE 
[6]
, comorbidities 7[]
, and stroke recurrence 
 ADDIN EN.CITE 
[6, 8]
. Therefore, efforts should be made to reduce the recurrent stroke and mortality.
 Stroke rehabilitation, defined as any treatment or exercise with the aims of encouraging bodily mobilization, facilitating neurological recovery, achieving functional recovery, minimizing daily disability, and reintegrating back in family and community 
 ADDIN EN.CITE 
[9]
, has been proposed as a beneficial approach for reducing mortality in patients with stroke 10[]
. However, the effects of rehabilitation in the role of secondary stroke prevention still remain somewhat unclear 11[]
. Stroke rehabilitation has been shown to reduce the length of hospital stay (LOS) 12[]
 and mortality 
 ADDIN EN.CITE 
[12, 13]
, and to increase the likelihood of discharge home 12[]
; however, those studies were conducted in only one or two hospitals. A follow-up study reported that comprehensive stroke unit care including rehabilitation may reduce the 1-year mortality by 73%, but the beneficial effect was not statistically significant after 5 years 11[]
. Although a growing body of evidence indicates that comprehensive rehabilitation programs may reduce the risk of mortality in patients with stroke, most of the observations have been based on a shorter period of time after the stroke 
 ADDIN EN.CITE 
[10, 14, 15]
. Particularly, information on the long-term effects of early stroke rehabilitation is still limited.
The purpose of this study was to conduct a population-based study to assess the long-term effects of stroke rehabilitation on the risk of death in patients with a first-time stroke. We hypothesized that early and frequent stroke rehabilitation would reduce long-term mortality in these patients.
Materials and methods

Source of the data

Data consisted of the medical claims of 1 million beneficiaries randomly selected from all Taiwanese insured in the year 2000, with age and gender distributions nearly identical to the entire population 
 ADDIN EN.CITE 
[16]
. The claims data were retrieved from the National Health Insurance (NHI) Research Database (NHIRD) provided by the Bureau of NHI (BNHI). The NHIRD provides all inpatient and ambulatory medical claims for around 99% of Taiwanese people 17[]
. To ensure the accuracy of the claims files, the BNHI performs quarterly expert reviews on a random sample for every 50 to 100 ambulatory and inpatient claims. Therefore, information obtained from the NHIRD is considered to be complete and accurate 18[]
. We used several NHIRD datasets in this study, including Ambulatory Care Visit Claims (ACVC), Inpatient Expenditures by Admissions (IEA), and a Registry for Beneficiaries (RB). Access to research data was approved by the Review Committee of the National Health Research Institutes.
Study subjects and stroke rehabilitation

Between 2000 and 2005, inpatient claims included data for 15,580 patients admitted for a principal or secondary diagnosis of stroke (International Classification of Disease (ICD)-9-Clinical Modification (CM) codes 430~434, 436~437). After the exclusion of 1,930 patients who had had a prior stroke in 1997~1999, the remaining 13,650 patients were considered to have had incident cases of stroke during 2000~2005. We further excluded 4,308 patients who had ambulatory care visits for depression (ICD-9-CM code: 296, 309, 311 or A-code: A212, A219) between January 1, 1997, and the date of stroke admission (i.e., the index date). This exclusion was mainly due to the fact that a history of major depression is a strong predictor for post-stroke depression 19[]
, a highly prevalent condition that may increase the risk of morbidity and mortality in patients with stroke 
 ADDIN EN.CITE 
[20]
. Patients who died in the hospital or withdrew (including death) from the NHI program within the first 3 months after the stroke admission (n=1,575) were further excluded. Patients who were not followed-up for 3 months after the stroke admission were excluded because the stroke rehabilitation program is considered most effective within the first 3 months after a stroke 21[]
. The remaining patients (n=7,767) were included in the analysis. Annual numbers of stroke incident cases from 2000 to 2005 were 1,401, 1,338, 1,348, 1,165, 1,305, and 1,210, respectively.
In Taiwan, intervening stroke rehabilitation is prescribed by the rehabilitation or stroke specialists, whose prescription menu is mainly dependent on comorbidity and stroke severity of the patients. The decision concerning whether to receive stroke rehabilitation is also made by patients themselves and care givers of the stroke survivors. In this study, stroke rehabilitation was ascertained from physician’s orders prescribed within the first 3 months after a stroke admission. The frequency of stroke rehabilitation every week was also extracted to examine the dose-response effectiveness of the rehabilitation. Stroke rehabilitation orders usually include facilitation of hemiplegic limbs, muscle strengthening, moving, activities of daily living, ambulation, and balance training to achieve functional improvement 
 ADDIN EN.CITE 
[22]
. In total, 8,288 rehabilitation visits were made by 1,285 patients with stroke (17%) during the study period. The study flow diagram is shown in Figure 1.
End point
We identified all deaths between the index dates to the last day of 2009 as the study end point. All study subjects were followed from the index date to the occurrence of the end point, withdrawal from the insurance program, or December 31, 2009, whichever came first. Subjects with the last two conditions were considered censored in the analysis.

Covariates

Covariates included age (a continuous variable), gender, insurance premium (dependence, <median, or >median), urbanization (urban, suburban, or rural), length of hospital stay (a continuous variable), type of stroke (ischemic or hemorrhagic), and the Charlson-Deyo Comorbidity Index score (0-1, 2-3, or ≥4 points) 23[]
. The Charlson-Deyo index is a weighted summary measure of clinically important concomitant diseases adopted for use with ICD-9-CM coded administrative databases. In this study, stroke was excluded from the Charlson-Deyo index. In addition, urbanization was included to account for urban-rural differences in access to medical care.
Statistical analysis

The age- and gender-specific rates of mortality were determined with person-years as the denominator under the Poisson assumption. We also performed an actuarial life table analysis to determine survival rates for patients with stroke in each group. Survival rates were also graphically presented with the Kaplan-Meier method. A log-rank test was used to test the difference between the two survival curves.

We performed a Cox proportional hazard regression model that was adjusted for the aforementioned covariates to assess the effect of stroke rehabilitation on the risk of death. We further performed age- and gender-specific analyses in an attempt to identify subgroups that could potentially benefit from stroke rehabilitation. All statistical analyses were performed using SAS (version 9.3; SAS Institute, Cary, NC) and Stata/SE 12.0 for Windows (StataCorp, College Station, TX). A p value of <0.05 was considered statistically significant.

Results

Patients who underwent stroke rehabilitation were younger, and there was a small male predominance. Most patients were admitted for ischemic stroke, and these patients had a longer LOS and a higher comorbidity score (Table 1). Over the follow-up period, 181 patients who underwent rehabilitation died, representing a death rate of 25.0 per 1,000 person-years. The corresponding figures for the control group were 1,123 patients and 32.7 per 1,000 person-years. The 10-year survival rates for the rehabilitation and control groups were 75.5% (95% confidence interval (CI)=70.8%~79.6%) and 69.0% (95% CI=66.5%~71.5%), respectively (Table 2). The Kaplan-Meier survival curves for the two study groups significantly differed (for the log-rank test, p=0.0008) (Figure 2). The death rate of patients with three or more visits to rehabilitation was higher than that of those with only one to three visits (23.3 vs. 26.9 per 1,000 person-years). Compared to the controls, stroke patients with one to three visits (hazard ratio (HR)=0.74, 95% CI=0.59~0.92) and more than three visits (HR=0.62, 95% CI=0.50~0.77) for rehabilitation had a lower hazard of mortality, with a significant (p<0.0001) inverse dose-gradient relationship (Table 3).
In addition to rehabilitation, a number of factors were also significantly associated with mortality. Compared to stroke patients aged <45 years, those aged 45~64 years (HR=2.71) and ≥65 years (HR=6.39) were all at an increased risk of death. Female patients had a 14% lower risk of death than their male counterparts. We also noted that a longer LOS was associated with a higher mortality hazard. Stroke patients with an LOS of >28 days were 212% more likely to die than those hospitalized for less than a week. A positive dose-gradient relationship was also noted for the effect of the Charlson-Deyo index score on mortality. Compared to those with a score of 0~1, stroke patients with a score of ≥4 had a substantially increased HR (7.50) for death (Table 3).

Further gender- and age-stratified analyses tended to show that stroke rehabilitation posed a greater protective effect on mortality in females (HR=0.68) than in males (HR=0.72). However, such a discrepancy did not reach statistical significance (p=0.5562). Similarly, there was no significant interaction of rehabilitation with age on mortality in either male (p=0.7919) or female patients (p=0.7304).

Discussion

Based on this nationally representative sample, we found that first-time stroke patients who received rehabilitation within the first 3 months after the stroke admission had a 1-year cumulative survival rate of 98.4%, which was higher than that of the controls. This trend was sustained for the entire 10-year period. By the end of the 10 years, cumulative survival rates for patients who did and did not undergo rehabilitation were 75.5% and 69.0%, respectively. After controlling for potential confounders (i.e., age, gender, insurance premium, residential area, stroke type, LOS, and Charlson-Deyo index), our study demonstrated a substantial reduction in mortality in stroke patients receiving rehabilitation. This beneficial effect seemed more evident in females than in males, but it was independent of age. Although previous studies have shown that comprehensive rehabilitation programs may reduce the risk of mortality in patients with stroke, most of the observations were based on a shorter period of time after the stroke 
 ADDIN EN.CITE 
[10, 14, 15]
. Our study extends the existing evidence demonstrating that the effect of early rehabilitation on reduced mortality may last for up to 10 years. These findings suggest a benefit of early rehabilitation interventions in patients with stroke.

Multifaceted interpretations support our findings of reduced mortality after early rehabilitation. A number of studies have demonstrated significant improvement in physical function in stroke patients who received in-patient rehabilitation, and such an early intervention may have resulted in most of the functional gains achieved by those with severe stroke 
 ADDIN EN.CITE 
[24, 25]
. These findings highlight the importance of early rehabilitation interventions, and are in line with our study results. A recent study showed that better physical/functional recovery in the first 6 months after a stroke is a powerful predictor of long-term mortality 
 ADDIN EN.CITE 
[26]
. Moreover, a study by Baseman 
 ADDIN EN.CITE 
[27]
 found that physical/functional recovery was highly associated with successful reintegration into the family and community after a stroke. Given the strong association between physical/functional and psychosocial conditions in patients 

with stroke 
 ADDIN EN.CITE 
[28]
, the beneficial effects of early rehabilitation could involve with both physical and psychosocial pathways.
Over the follow-up period, we found that 75 (15.8%) patients with rehabilitation and 566 (8.7%) without rehabilitation sought ambulatory care for depression. It is well established that post-stroke depression may adversely affect stroke patients' recovery of physical function and impede successful social integration 
 ADDIN EN.CITE 
[27]
, leading to increased risks of morbidity and mortality 
 ADDIN EN.CITE 
[29, 30]
. Two previous studies reported a difference of 10%~12% in the 5-year mortality rate between stroke patients with and without rehabilitation 
 ADDIN EN.CITE 
[31, 32]
. To examine whether depression mediates the pathway between rehabilitation and mortality, we performed additional analyses by examining the respective effect of rehabilitation on mortality in study subjects who did and did not develop depression during follow-up. We found that the HR of mortality associated with rehabilitation was 0.68 (95% CI=0.58~0.79) in stroke patients who sought ambulatory care for depression. The corresponding figure for patients without depression was essentially the same at 0.65 (95% CI=0.55~0.77), suggesting that the beneficial effect of early rehabilitation was sustained regardless of the development of depression.

In addition to rehabilitation, our study also revealed a number of significant predictors for mortality in patients with stroke, including an older age, male gender, lower income, longer LOS for the first-ever stroke hospitalization, and a greater comorbidity score. Age is the most consistently reported predictor of death in patients with stroke 
 ADDIN EN.CITE 
[9, 33]
. Koton et al. found that age, disease severity, and co-morbidities were all significantly associated with 3-year mortality in patients with first-ever ischemic stroke 
 ADDIN EN.CITE 
[9]
. In line with the previous findings, our results showed that patients with a longer LOS and higher comorbidity score at baseline also had a significantly increased risk of long-term mortality. A longer LOS could be a marker of stroke disease severity. We compared the medical charges for drugs and surgery among patients with different LOSs and noted that the longer the LOS, the higher the medical charges for drugs and surgery (data not shown). These findings suggest that long-term survival after stroke may be improved by early, active, and sustained implementation of effective strategies for controlling co-morbidities in stroke patients.
We also found that female patients with stroke had significantly lower long-term mortality. Reports assessing gender differences in stroke mortality are inconsistent, with many providing little evidence of a substantial gender difference 34[]
, some showing higher mortality 
 ADDIN EN.CITE 
[35, 36]
, and some reporting lower mortality rates in women 
 ADDIN EN.CITE 
[37-39]
. A recent study reported that with ischemic stroke, the cumulative 20-year mortality among 30-day stroke survivors was higher in men than in women (33.7% vs. 19.8%, adjusted HR=1.42) 
 ADDIN EN.CITE 
[39]
. The US age-adjusted (year 2000 standard) stroke mortality rate was about 3% lower in white women aged over 25 years than in white men of the same age, and this gender difference was even greater for black women and men, at 136% 34[]
. Baseline differences in stroke characteristics and cardiovascular risk factors may account for much, if not all, of the observed gender differences in case fatalities 34[]
.
In this study, we also found a lower mortality rate in those with higher income levels. Under coverage by the National Health Insurance program, people in Taiwan have few financial barriers to receiving adequate health care. Despite that low barrier, geographic variations in healthcare accessibility and utilization still exist in that individuals residing in areas with lower urbanization levels have lower accessibility and utilization of healthcare services than do those residing in areas with the highest urbanization levels 
 ADDIN EN.CITE 
[40]
. Many studies have demonstrated that pre-hospital delays in stroke treatment procedures are strongly associated with a higher risk of mortality. It is also reasonable to speculate that pre-hospital delays are more common in rural areas than in urban regions. Whether a lower risk of mortality in people with higher income levels may reflect such geographic variations in pre-hospital delays warrants further investigations.

This study had the following strengths. First, it was a population-based study including a highly representative sample of patients with stroke admitted to hospitals in Taiwan during the study period. Therefore, the data might have minimized the risk of selection bias. Second, the advantage of using insurance claims datasets in clinical research is that a large dataset makes it possible to conduct gender- and age-specific analyses. Third, this stroke cohort was collected from the NHI database, and all the research information was retrieved from the NHI claims, which entails little likelihood of non-response or loss to follow-up of cohort members. Fourth, in multivariate regression models, we adjusted for a number of sociodemographic variables, several major comorbidities, and stroke severity indicators (i.e., stroke type and LOS) that are considered to be potential confounders. This approach may help elucidate the independent effect of stroke rehabilitation on the risk of mortality. Last, this study extended the previous studies by examining the effect of rehabilitation on risk of mortality over a longer period of time (i.e., 10 years).

Study Limitations

Several limitations must be mentioned. First, there was a great diversity in stroke rehabilitation techniques, protocols, durations, frequencies, and periods between different therapists, clinics, and hospitals, which led to heterogeneous effects of stroke rehabilitation. In addition, detailed information about the stroke subtypes in brain infarction and site of lesions in brain hemorrhage were not available in this cohort study either. Due to a lack of detailed information available in the medical claims data, this study was unable to assess the effect of specific rehabilitation programs or the detailed stroke lesions on mortality. Second, stroke severity is among the potential confounders strongly related to the risk of mortality. Since intervening stroke rehabilitation is prescribed by the rehabilitation or stroke specialists in our country, the selection of exposure (ie, stroke rehabilitation) is likely to be confounded by factors such as comorbidities or severity of stroke, which resulted in confounding by indication. Because information on stroke severity was not available from the NHI claims, we adjusted for it using the type of stroke (i.e., ischemic or hemorrhagic), a comorbidity score, and LOS associated with first-time admissions for stroke as indicators of disease severity. Nonetheless, the potential for a residual confounding effect could not entirely be excluded. Third, our data showed that 965 control patients (14.8%) did receive rehabilitation 3 months after their stroke (i.e., late rehabilitation), suggesting a potential for exposure contamination. We conducted a sensitivity analysis by excluding those patients who underwent late rehabilitation from the control group, and the re-analysis yielded essentially the same effect of rehabilitation on the risk of mortality (HR=0.65, 95% CI=0.55~0.77). Fourth, we included in the analyses only those who survived the first 3 months after the stroke. Those who died may have had more-severe comorbidities or more-severe neurologic complications. Thus, the survival rates estimated in this study and the observed beneficial effects associated with rehabilitation might not be applicable to patients with a serious stroke.

In conclusion, this study suggests that stroke rehabilitation initiated within the first 3 months after a first-ever stroke admission may significantly reduce the risk of mortality for 10 years after the stroke. Such a beneficial effect appeared to be greater in stroke patients with a higher frequency of rehabilitation and in female patients.
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Table 1. Demographics and co-morbidities of the study subjects (n=7,677)

	Demographics and co-morbidity
	Rehabilitation
	

	
	No
	
	Yes
	p

	
	n
	(%)
	　
	n
	(%)
	

	
	
	
	
	
	
	

	Age at first-ever stroke (years)
	
	
	
	
	
	<0.001

	<45
	454
	7.0
	
	111
	8.6
	

	45-64
	1950
	30.1
	
	457
	35.6
	

	>=65
	4078
	62.9
	
	717
	55.8
	

	Mean (±SD)
	67.1
	14.2
	
	64.8
	13.7
	

	Sex
	
	
	
	
	
	0.036

	Female
	2584
	39.9
	
	472
	36.7
	

	Male
	3898
	60.1
	
	813
	63.3
	

	Insurance premium (NTD)
	
	
	
	
	
	0.092

	Dependence
	1735
	26.8
	
	340
	26.5
	

	<Median (NTD 18,300)
	1537
	23.7
	
	272
	21.3
	

	>Median
	3210
	49.5
	
	673
	52.4
	

	Residential area
	
	
	
	
	
	0.467

	Urban area
	2222
	34.3
	
	454
	35.3
	

	Satellite cities 
	1805
	27.9
	
	337
	26.2
	

	Rural area
	2455
	37.9
	
	494
	38.4
	

	Type of stroke
	
	
	
	
	
	<0.001

	Ischemic
	5367
	82.8
	
	963
	74.9
	

	Hemorrhagic
	1115
	17.2
	
	322
	25.1
	

	Length of hospital stay (days)
	
	
	
	
	
	<0.001

	1-7
	3478
	53.7
	
	402
	31.3
	

	8-14
	1798
	27.7
	
	487
	37.9
	

	15-21
	549
	8.5
	
	179
	13.9
	

	22-28
	261
	4.0
	
	93
	7.2
	

	>28
	396
	6.1
	
	124
	9.7
	

	  Mean ((SD)
	10.6
	((17.6)
	
	13.6
	((11.0)
	<0.001

	Charlson-Deyo index score
	
	
	
	
	
	<0.001

	0-1
	3520
	54.3
	
	469
	36.5
	

	2-3
	2836
	43.8
	
	800
	62.3
	

	  >=4
	126
	1.9
	
	16
	1.3
	

	Mean ((SD)
	1.9
	1.1
	
	2.3
	1.1
	<0.001

	
	
	
	
	
	
	

	Total　
	6,482
	(100%)
	
	1,285
	(100%)
	


a SD, standard deviation.

Table 2. Survival rates of the stroke patients in the two study groups

	Interval (year)
	No. of patients
	No. of death
	Survival rate
	95% CI

	Control group

	0-1
	6482
	173
	0.9725
	0.9682
	0.9763

	1-2
	5937
	181
	0.9420
	0.9358
	0.9476

	2-3
	5413
	131
	0.9186
	0.9114
	0.9253

	3-4
	5027
	166
	0.8876
	0.8792
	0.8955

	4-5
	4644
	134
	0.8596
	0.8501
	0.8685

	5-6
	3702
	126
	0.8266
	0.8159
	0.8368

	6-7
	2748
	81
	0.7990
	0.7870
	0.8105

	7-8
	2020
	68
	0.7667
	0.7528
	0.7799

	8-9
	1275
	45
	0.7308
	0.7139
	0.7469

	9-10
	630
	18
	0.6902
	0.6655
	0.7153

	
	
	
	
	
	

	Rehabilitation group

	0-1
	1285
	20
	0.9842
	0.9756
	0.9898

	1-2
	1223
	19
	0.9685
	0.9572
	0.9769

	2-3
	1147
	24
	0.9479
	0.9338
	0.9591

	3-4
	1085
	31
	0.9203
	0.9033
	0.9344

	4-5
	1011
	24
	0.8962
	0.8769
	0.9127

	5-6
	802
	20
	0.8711
	0.8490
	0.8901

	6-7
	602
	17
	0.8427
	0.8172
	0.8649

	7-8
	424
	18
	0.7987
	0.7667
	0.8268

	8-9
	248
	7
	0.7684
	0.7296
	0.8204

	9-10
	118
	1
	0.7555
	0.7085
	0.7960


Table 3. Hazard ratio of mortality in relation to post-stroke rehabilitation and selected covariates.

	Selected characteristics
	No. of person-years 
	No. of death
	Death rate (per 1,000 patient-years)
	Unadjusted
	
	Adjusted a

	
	
	
	
	HR
	95% CI
	
	HR
	95% CI

	Rehabilitation
	
	
	
	
	
	
	
	

	No 
	34326
	1123
	32.7 
	1.00
	
	
	1.00
	

	Yes
	7243
	181
	25.0 
	0.77
	0.65-0.90
	
	0.68
	0.58-0.79

	    1-3 visit(s)
	3377
	91
	26.9 
	0.83
	0.67-1.02
	
	0.74
	0.59-0.92

	    >=3 visits
	3866
	90
	23.3 
	0.71
	0.58-0.88
	
	0.62
	0.50-0.77

	
	
	
	
	
	
	
	P for trend <0.0001

	Age at stroke onset (years)
	
	
	
	
	
	
	
	

	<45
	3693
	26
	7.0 
	1.00
	
	
	1.00
	

	45-64
	14552
	253
	17.4 
	2.50
	1.67-3.74
	
	2.71
	1.81-4.06

	>=65
	23324
	1025
	43.9 
	6.46
	4.38-9.53
	
	6.39
	4.32-9.47

	Sex
	
	
	
	
	
	
	P for trend <0.0001

	Male
	25018
	813
	32.5 
	1.00
	
	
	1.00
	

	Female
	16551
	491
	29.7 
	0.91
	0.81-1.02
	
	0.86
	0.76-0.96

	Insurance premium (NTD)
	
	
	
	
	
	
	
	

	Dependence
	10290
	407
	39.6 
	1.00
	
	
	1.00
	

	<Median (NTD 18,300)
	9377
	402
	42.9 
	1.07
	0.93-1.23
	
	1.13
	0.98-1.30

	>Median
	21902
	495
	22.6 
	0.56
	0.49-0.64
	
	0.71
	0.61-0.82

	Residential area
	
	
	
	
	
	
	
	

	Urban area
	14374
	513
	35.7 
	1.00
	
	
	1.00
	

	Satellite cities 
	11586
	354
	30.6 
	0.86
	0.75-0.98
	
	0.92
	0.80-1.06

	Rural area
	15609
	437
	28.0 
	0.79
	0.69-0.89
	
	0.91
	0.79-1.04

	Type of stroke
	
	
	
	
	
	
	
	

	Ischemic
	33615
	1097
	32.6 
	1.00
	
	
	1.00
	

	Hemorrhagic
	7954
	207
	26.0 
	0.79
	0.68-0.92
	
	0.91
	0.78-1.06

	Length of hospital stay (days)
	
	
	
	
	
	
	
	

	1-7
	22106
	540
	24.4 
	1.00
	
	
	1.00
	

	8-14
	11837
	416
	35.1 
	1.45
	1.27-1.64
	
	1.48
	1.30-1.68

	15-21
	3616
	149
	41.2 
	1.71
	1.42-2.05
	
	1.70
	1.42-2.05

	22-28
	1694
	76
	44.9 
	1.87
	1.47-2.37
	
	2.07
	1.62-2.63

	>28
	2136
	123
	57.6 
	2.20
	1.81-2.67
	
	2.12
	1.73-2.59

	Charlson-Deyo index score
	
	
	
	
	
	
	P for trend <0.0001

	0-1
	22600
	558
	24.7 
	1.00
	
	
	1.00
	

	2-3
	18644
	685
	36.7 
	1.50
	1.35-1.68
	
	1.44
	1.29-1.62

	  >=4
	324
	61
	188.3 
	8.34
	1.35-1.68
	
	7.50
	5.74-9.80

	
	
	
	
	
	
	
	P for trend <0.0001

	Overall
	41569
	1304
	31.4 
	
	
	
	
	


a Based on Cox proportional hazard regression with adjustment for age, sex, insurance premium, residential area, type of stroke, length of hospital stay, and Charlson-Deyo index score.
Table 4. Overall and age- and sex-specific incidence densities and relative hazards of depression in stroke patients with and without rehabilitation 

	Variables 
	No-rehabilitation
	
	Rehabilitation
	HR b (95% CI b) in association with rehabilitation
	AHR b (95% CI )  in association with rehabilitation c

	
	No. of

subjects
	No. of death
	Death rate a (per 1,000 patient-years)
	
	No. of subjects
	No. of events
	Death rate a (per 1,000 patient-years)
	
	

	Men
	
	
	
	
	
	
	
	
	

	<65
	1575
	156
	16.4
	
	398
	34
	13.9
	0.86 (0.59-1.24)
	0.71 (0.49-1.04)

	>=65
	2323
	537
	49.1
	
	415
	86
	40.7
	0.83 (0.66-1.04)
	0.71 (0.56-0.89)

	Total
	3898
	693
	33.9
	
	813
	120
	26.3
	0.78 (0.64-0.94)
	0.72 (0.59-0.87)

	
	
	
	
	
	
	
	
	
	

	Women
	
	
	
	
	
	
	
	
	

	<65
	829
	78
	15.0
	
	170
	11
	10.4
	0.70 (0.37-1.32)
	0.55 (0.29-1.05)

	>=65
	1755
	352
	40.6
	
	302
	50
	30.1
	0.77 (0.57-1.03)
	0.65 (0.47-0.86)

	Total
	2584
	430
	31.0
	
	472
	61
	22.8
	0.74 (0.57-0.97)
	0.63 (0.48-0.82)

	
	
	
	
	
	
	
	
	
	

	Overall
	6482
	1123
	32.7
	
	1285
	181
	25.0
	0.77 (0.65-0.90)
	0.68 (0.58-0.79)


a Based on Poisson assumption.

b HR, hazard ratio; CI, confidence interval; AHR, adjusted hazard ratio.

c Based on Cox proportional hazard regression with adjustment for age, sex, insurance premium, residential area, type of stroke, length of hospital stay, and Charlson-Deyo index score.






Figure 1. Flow chart of study subjects’ selection and follow-up 
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Figure 2. Comparison of Kaplan-Meier survival estimates of mortality between the two study groups  

Patients admitted for stroke from 2000 to 2005


n=15,580





Exclusion:


1,930 admitted for stroke or sought stroke ambulatory care between 1997 and 1999


4,308 who sought ambulatory care for depression between January 1st 1997 and end of follow-up


1,575 who died or withdrew from the NHI program within the first 3 months after discharge





With post-stroke rehabilitation in the first 3 months after discharge


n=1,285





Received no post-stroke rehabilitation in the first 3 months after discharge


n=6,482





Followed to the end of 2009





n=181 study subjects who died during follow-up





n=1123 study subjects who who died during follow-up
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