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Stroke is a major cause of disability in Canada and 
around the world.1 Although inpatient rehabilitation is 
essential to recovery and functional improvement after 

stroke,2,3 some patients continue to have substantial impair-
ments at the time of discharge. In Ontario, about 3.5% of 
people undergoing inpatient rehabilitation for stroke are dis-
charged directly to long-term care.4 Given that long-term 
care facilities have high occupancy rates5 and wait-lists rang-
ing from months to years,6 this may result in a prolonged 
length of stay and a decreased capacity to admit new patients 
to inpatient rehabilitation. Furthermore, returning home is a 
common patient-identified goal.7

A 2015 literature review that included several international 
studies showed an association between low socioeconomic sta-
tus and increased risk of stroke, more severe stroke and worse 
poststroke functional status.8 However, the role of socioeco-
nomic status on discharge destination, particularly to long-
term care, after inpatient stroke rehabilitation is unclear.9 To 
facilitate a safe discharge home, some patients may require 
home modifications, the purchase of equipment or private 

supports to supplement the often limited government-funded 
home care services.10 As a result, one could postulate that 
socioeconomic status affects choice of discharge destination 
after inpatient rehabilitation.

There is no agreed-on best measure of socioeconomic status 
in the stroke literature.8 Material deprivation is a measure of 
socioeconomic status in which people experiencing deprivation 
are described as those who “lack the types of diet, clothing, 
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Background: Low socioeconomic status is associated with increased risk of stroke and worse poststroke functional status. The aim 
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ada, after stroke. Community-dwelling adults (aged 19–100 yr) discharged from acute care with a most responsible diagnosis of 
stroke between Sept. 1, 2012, and Aug. 31, 2017, and subsequently admitted to an inpatient rehabilitation bed were included. We 
used a multivariable logistic regression model to examine the association between material deprivation quintile (from the Ontario 
Marginalization Index) and discharge to long-term care, and a multivariable negative binomial regression model to examine the asso-
ciation between material deprivation quintile and rehabilitation length of stay.

Results: A total of 18 736 people were included. There was no association between material deprivation and direct discharge to 
long-term care (most v. least deprived: odds ratio [OR] 1.07, 95% confidence interval [CI] 0.89–1.28); however, people living in the 
most deprived areas had a mean length of stay 1.7 days longer than that of people in the least deprived areas (p = 0.004). This dif-
ference was not significant after adjustment for other baseline differences (relative change in mean 1.02, 95% CI 0.99–1.04).

Interpretation: People admitted to inpatient stroke rehabilitation in Ontario had similar discharge destinations and lengths of stay 
regardless of their socioeconomic status. In future studies, investigators should consider further examining the associations of 
materi al deprivation with upstream factors as well as potential mitigation strategies.
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housing, environmental, educational, working and social condi-
tions, activities and facilities which are customary, or at least 
widely encouraged or approved, in the societies to which they 
belong.”11 Living in an area of high material deprivation has 
been shown to be associated with worse health outcomes.12

The aim of the present study was to determine whether 
neighbourhood material deprivation is associated with direct 
discharge to long-term care after inpatient rehabilitation for 
stroke, and with increased rehabilitation length of stay.

Methods

Study design
This was a retrospective, population-based cohort study of 
community-dwelling adults (aged 19–100 yr) in Ontario, Can-
ada, who were admitted to inpatient rehabilitation after a stroke.

Participants
We included Ontario residents who were discharged from an 
acute care hospital with a most responsible diagnosis of ische-
mic or hemorrhagic stroke (International Statistical Classification 
of Diseases and Related Health Problems, Tenth Revision codes I63, 
I64, I60 and I61)13 between Sept. 1, 2012, and Aug. 31, 2017, 
who were subsequently admitted within 3 days to an inpatient 
rehabilitation bed with the rehabilitation client group code 1 
(stroke).14 We restricted the cohort to people who had been 
living at home before their stroke (with or without supports), 
and who had an inpatient rehabilitation length of stay greater 
than 3  days and less than the 99th percentile. People with 
missing material deprivation data were excluded.

Data sources and cohort selection
We obtained study data from the multiple data sets at ICES, 
an independent, nonprofit research institute whose legal sta-
tus under Ontario’s health information privacy law allows it to 
collect and analyze health care and demographic data, without 
consent, for health system evaluation and improvement.

We obtained sociodemographic information from the 
Registered Persons Database and Ontario Marginalization 
Index database, data on comorbidities and acute care from the 
Discharge Abstract Database,15 and information on rehabilita-
tion (including pre- and poststroke living setting and arrange-
ment) from the National Rehabilitation Reporting System. In 
Ontario, it is mandatory for facilities to report to the National 
Rehabilitation Reporting System, and the Canadian Institute 
for Health Information performs data quality checks.16 These 
data sets were linked by means of unique encoded identifiers 
and analyzed at ICES.

Exposure and outcomes
Our primary exposure was material deprivation. Material 
deprivation is 1 of 4 dimensions of the Ontario Marginaliza-
tion Index, a validated, derived, ecologic-based index that cap-
tures differences in marginalization across Ontario.12,17 For 
our observation period, we used the 2011 and 2016 Ontario 
Marginalization Index at the dissemination area level, which 
represents a population of 400–700 people.17,18 The indicators 

for the material deprivation dimension vary slightly by year 
but generally include education level and ratio of income from 
government payments, as well as the proportion of the popu-
lation who are lone-parent families, unemployed, of low-
income status and living in housing in need of major repair. 
Geographic units are divided into quintiles, with quintile  1 
representing the least marginalized 20% of areas in Ontario 
and quintile 5 representing the most marginalized areas.17,18

The primary outcome was the proportion of people dis-
charged from rehabilitation to long-term care. We recorded 
and categorized discharge destination as home without health 
care services; home with health care services (privately or pub-
licly funded); assisted living (including group home, retire-
ment home and supervised living setting); long-term care 
(including convalescent care, nursing home and home for the 
aged); acute care; and other or unknown (boarding house, 
shelter, public place or unknown). We then reduced the pri-
mary outcome — discharge destination — to a binary vari-
able: discharge to long-term care (yes) versus discharge to any 
other destination (no).

The secondary outcome was inpatient rehabilitation length 
of stay, defined as inpatient rehabilitation discharge date 
minus admission date.

Covariates
Potential covariates included age, sex, rurality of residence 
(rural community = population ≤  10 000 [Postal Code Con-
version File19]), Charlson Comorbidity Index score of 2 or 
higher,20,21 history of atrial fibrillation,22 whether the patient 
received tissue plasminogen activator (tPA), whether the 
patient was treated on an acute stroke unit, acute care length 
of stay, prestroke living arrangement (alone or not alone), 
whether the rehabilitation program was suspended owing to a 
change in medical status (service interruption) and whether 
the patient was readmitted to acute care (discharge from and 
readmission to an inpatient rehabilitation bed within 30 d).

We recorded the Functional Independence Measure (FIM) 
score at rehabilitation admission, which represented the 
patient’s disability level on admission. The FIM is an 18-item 
instrument consisting of 13  items in the motor component 
and 5  items in the cognitive component. Patients receive a 
score ranging from 1 (total assist) to 7 (complete indepen-
dence) on each item, for a possible total score of 18–126. The 
FIM is a commonly used functional assessment measure 
among rehabilitation professionals.23 It has been well validated 
and has good interrater reliability.23,24

Statistical analysis
We calculated means and standard deviations (SDs) for con-
tinuous variables, and frequencies and proportions for cate-
goric variables. We analyzed between-group differences 
using one-way analysis of variance for continuous variables 
and the Pearson χ2 test for categoric data. Variables were 
screened for collinearity, defined as a tolerance of less than 
0.25. We excluded receipt of tPA, as it was highly collinear 
with stroke type, and readmission to acute care, as it is clini-
cally similar to a service interruption; all other covariates 
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were included in the regression models. We used a multivari-
able logistic regression model to examine the association 
between material deprivation and discharge to long-term 
care, and a multivariable negative binomial regression model 
to examine the association between material deprivation and 
rehabilitation length of stay. Observations with missing data 
were deleted from the analyses.

Statistical tests were 2-tailed. A p value of < 0.05 was con-
sidered statistically significant. We performed statistical analy-
ses using SAS Enterprise Guide statistical software, version 7.1 
(SAS Institute) in a UNIX (The Open Group) environment.

Ethics approval
The use of data in this project was authorized under section 45 
of Ontario’s Personal Health Information Protection Act, which 
does not require additional review by a research ethics board.

Results

A total of 18 736 people met our inclusion criteria and were 
included in the analysis. The number of people in each quin-
tile increased as material deprivation increased (least deprived, 
n = 3068; most deprived, n = 4582) (Table 1). Compared to 
people living in the least deprived areas, those in the most 
deprived areas were younger (age 19–49 yr: 5.9% v. 7.3%; p < 
0.001), had more comorbidities (Charlson Comorbidity Index 
score ≥  2: 53.8% v. 60.5%; p  < 0.001), had a lower rate of 
atrial fibrillation (15.6% v. 12.0%; p  < 0.001), were more 
likely to be living alone before their stroke (24.0% v. 34.9%; 
p < 0.001), were less likely to be treated with tPA (15.8% v. 
13.8%; p = 0.01) and were less likely to be treated on a stroke 
unit (49.2% v. 46.9%; p = 0.03). Admission FIM scores were 
similar across deprivation quintiles.

Outcomes
There was no association between material deprivation and 
direct discharge to long-term care (Table 2). When we exam-
ined all possible discharge destinations, there were minimal 
differences between people living in the most deprived areas 
and those in the least deprived areas (Table 3).

Length of stay increased as material deprivation increased 
(mean length of stay 31.0 [SD 19.4] d for the least deprived 
quintile v. 32.7 [SD 21.3] d for the most deprived quintile; p = 
0.004). People living in the most deprived areas had a mean 
length of stay 1.7 days longer than that of people living in the 
least deprived areas. In the adjusted model, being in the most 
deprived group was not associated with a statistically signifi-
cantly longer length of stay compared to the least deprived 
group (relative change in mean 1.02, 95% confidence interval 
0.99–1.04) (Table 2).

Interpretation

We found no association between material deprivation and 
direct discharge to long-term care after inpatient stroke 
rehabilitation. After adjustment for baseline differences, our 
results are consistent with an absolute difference of at most 

2% in the proportion of patients discharged to long-term care 
between the most deprived quintile and the least deprived 
quintile. People living in the most deprived areas had a mean 
length of stay 1.7 days longer than that of people in the least 
deprived areas. However, after we accounted for baseline 
factors, length of stay was similar across deprivation quintiles. 
Given an overall mean length of stay of about 32 days, there 
was a difference of at most 1 day in length of stay between the 
least and most deprived groups.

In the acute care setting, studies examining the association 
between socioeconomic status and discharge destination after 
stroke have provided mixed results.25–30 Notably, studies in the 
United States have shown that, compared to people of higher 
socioeconomic status, those of lower socioeconomic status are 
less frequently discharged to inpatient rehabilitation and more 
frequently transferred to skilled-nursing facilities.28,31,32 
Skilled-nursing facilities typically provide fewer hours of ther-
apy per week than inpatient rehabilitation facilities and have 
less specialized staff, a longer average length of stay (32 d v. 
15  d) and fewer regulations, which result in lower-cost 
care.33,34 Admission to skilled-nursing facilities does not result 
in the same degree of patient functional improvements as 
admission to inpatient rehabilitation hospitals.35 In compari-
son, in a 2013 Canadian study that included 11 050 people 
with ischemic stroke or transient ischemic attack admitted to 
acute care, Huang and colleagues30 found no association 
between neighbourhood income quintile and rate of discharge 
to inpatient rehabilitation.

In a universal-type health care system, it is possible that 
socioeconomic status has minimal impact on final discharge 
destination. Similar to our study, an Australian study showed 
no association between the Index of Economic Resources (a 
measure of income and economic wealth) and discharge desti-
nation after inpatient rehabilitation.36 In contrast, Nguyen and 
colleagues,37 in the US, found that people with Medicare cov-
erage were more likely than those with private health insur-
ance to be discharged to a skilled-nursing facility as opposed 
to home after inpatient acute care rehabilitation. The need for 
a further admission to some type of care facility after an inpa-
tient rehabilitation stay was considered a negative outcome.

Although material deprivation was not associated with 
direct discharge to long-term care in our study, there were 
subtle differences in final discharge destination across depriva-
tion quintiles. The frequency of discharge to assisted living 
increased as deprivation quintile decreased (least deprived 
6.8%, most deprived 4.9%). In Canada, assisted-living facili-
ties typically provide services such as meals, housekeeping, 
laundry and some degree of personal assistance; unlike long-
term care, the cost of assisted living is typically paid for by the 
resident.5 However, the difference in the frequency of dis-
charge to assisted living was small, and, although it was statis-
tically significant, there was no clinical difference in the fre-
quency of discharge home (with or without health care 
services) across quintiles.

Given that the cost of an inpatient rehabilitation bed after 
stroke in 2012 in Ontario was more than $600/day,38 it is 
important to understand the key drivers of increased length 
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of stay. The association of socioeconomic status with length 
of stay may be influenced by health care funding and insur-
ance for hospital care. A study from Singapore, where reha-
bilitation is not fully publicly funded, showed that patients in 
partially subsidized beds had a shorter length of stay than 
those in beds fully paid for by the patient.39 Tan and col-

leagues39 thought this was at least partially a reflection of the 
ability of patients and families to pay for the balance. In our 
study, length of stay increased as deprivation quintile 
increased. However, this increase was accounted for by other 
baseline factors (e.g.,  living alone before the stroke and 
greater comorbidity).

Table 1: Baseline characteristics of people admitted to inpatient rehabilitation in Ontario after stroke, September 2012 to August 
2017, by material deprivation quintile

Characteristic

Deprivation quintile; no. (%) of people*

 p 
value

1 (least)
n = 3068

2
n = 3411

3
n = 3723

4
n = 3952

5 (most)
n = 4582

Total
n = 18 736

Age at admission, yr < 0.001

    19–49 182 (5.9) 193 (5.7) 209 (5.6) 227 (5.7) 333 (7.3) 1144 (6.1)

    50–59 332 (10.8) 405 (11.9) 440 (11.8) 482 (12.2) 767 (16.7) 2426 (12.9)

    60–69 612 (19.9) 692 (20.3) 829 (22.3) 906 (22.9) 1060 (23.1) 4099 (21.9)

    70–79 830 (27.1) 944 (27.7) 1002 (26.9) 1044 (26.4) 1153 (25.2) 4973 (26.5)

    80–89 909 (29.6) 987 (28.9) 1017 (27.3) 1081 (27.4) 1040 (22.7) 5034 (26.9)

    90–100 203 (6.6) 190 (5.6) 226 (6.1) 212 (5.4) 229 (5.0) 1060 (5.7)

Female sex 1352 (44.1) 1574 (46.1) 1730 (46.5) 1858 (47.0) 2100 (45.8) 8614 (46.0) 0.2

Stroke type 0.04

    Ischemic 2637 (86.0) 2912 (85.4) 3230 (86.8) 3449 (87.3) 4005 (87.4) 16 233 (86.6)

    Hemorrhagic 431 (14.0) 499 (14.6) 493 (13.2) 503 (12.7) 577 (12.6) 2503 (13.4)

Received tPA† 417 (15.8) 447 (15.4) 502 (15.5) 461 (13.4) 551 (13.8) 2378 (14.6) 0.01

Treated on acute stroke unit 1509 (49.2) 1627 (47.7) 1738 (46.7) 1792 (45.3) 2148 (46.9) 8814 (47.0) 0.03

Acute care length of stay, mean ± SD, d 12.2 ± 13.4 12.2 ± 12.3 11.8 ± 12.8 12.4 ± 14.3 12.4 ± 13.7 12.2 ± 13.4 0.2

Charlson Comorbidity Index score < 0.001

    0–1 1416 (46.2) 1512 (44.3) 1652 (44.4) 1660 (42.0) 1810 (39.5) 8050 (43.0)

    ≥ 2 1652 (53.8) 1899 (55.7) 2071 (55.6) 2292 (58.0) 2772 (60.5) 10 686 (57.0)

History of atrial fibrillation 478 (15.6) 499 (14.6) 549 (14.7) 611 (15.5) 550 (12.0) 2687 (14.3) < 0.001

Rural residence 244 (8.0) 427 (12.5) 585 (15.7) 611 (15.5) 380 (8.3) 2247 (12.0) < 0.001

Living arrangement on admission < 0.001

    Alone 735 (24.0) 847 (24.8) 939 (25.2) 1119 (28.3) 1601 (34.9) 5241 (28.0)

    Not alone 2333 (76.0) 2564 (75.2) 2784 (74.8) 2833 (71.7) 2981 (65.1) 13 495 (72.0)

FIM score on admission, mean ± SD

    Motor component 47.4 ± 19.9 46.1 ± 19.6 46.1 ± 19.8 46.8 ± 19.6 47.1 ± 19.5 46.7 ± 19.7 0.02

    Cognitive component 24.2 ± 7.0 24.3 ± 7.0 24.4 ± 7.0 24.5 ± 7.0 24.2 ± 7.0 24.3 ± 7.0 0.4

    Total 71.6 ± 23.2 70.5 ± 23.0 70.5 ± 23.2 71.2 ± 23.1 71.3 ± 22.8 71.0 ± 23.1 0.2

Total FIM score on admission 0.5

    > 80 1127 (36.7) 1176 (34.5) 1327 (35.6) 1419 (35.9) 1668 (36.4) 6717 (35.8)

    40–80 1640 (53.5) 1850 (54.2) 1982 (53.2) 2133 (54.0) 2431 (53.1) 10 036 (53.6)

    < 40 293 (9.6) 368 (10.8) 396 (10.6) 389 (9.8) 465 (10.1) 1911 (10.2)

    Missing 8 (0.3) 17 (0.5) 18 (0.5) 11 (0.3) 18 (0.4) 72 (0.4)

≥ 1 service interruptions 184 (6.0) 202 (5.9) 208 (5.6) 215 (5.4) 264 (5.8) 1073 (5.7) 0.8

≥ 1 readmissions to acute care 107 (3.5) 128 (3.8) 142 (3.8) 101 (2.6) 156 (3.4) 634 (3.4) 0.02

Note: FIM = Functional Independence Measure, SD = standard deviation, tPA = tissue plasminogen activator.
*Except where noted otherwise.
†Patients with ischemic stroke only.
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Limitations
Although we used a well-described explanatory variable shown 
to be associated with worse health outcomes,12 the Ontario 
Marginalization Index, the index has limitations. It is an eco-
logic, not individual, measure of socioeconomic status and is 
prone to possible ecologic fallacy; a person’s deprivation quintile 
based on their location of residence may not reflect their indi-
vidual socioeconomic status.40,41 However, the use of dissemina-
tion areas in this study decreased the potential for ecologic fal-
lacy. Furthermore, relations described with the use of ecologic 
measures and individual-level indicators are often consistent.41

We do not have reliability data for all of the variables and 
outcomes used, including discharge destination, nor did we 
account for clustering or stroke severity, as the ICES data-
bases does not contain stroke severity data. Our study exam-
ined people who were admitted to inpatient rehabilitation and 
was not designed to examine potential associations between 
material deprivation and acceptance to inpatient rehabilitation 
from acute care. Finally, given differences in funding of health 
care systems, the applicability of our findings to other set-
tings, particularly those without universal publicly funded 
hospital care, is unclear.

Conclusion
People of low socioeconomic status, as measured by material 
deprivation, who underwent inpatient rehabilitation after 
stroke were not at a disadvantage in terms of discharge desti-
nation, but they stayed an average 1.7 days longer than people 
of high socioeconomic status. However, this difference was 
accounted for by other baseline characteristics. In future stud-
ies, investigators should consider further examining the asso-
ciations of material deprivation with upstream factors as well 
as potential mitigation strategies.
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