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ABSTRACT

Objective Home-time is an emerging patient-centred
stroke outcome metric, but it is not well described in

the population. We aimed to determine the association
between 90-day home-time and global disability after
stroke. We hypothesised that longer home-time would be
associated with less disability.

Design Hospital-based cohort study of patients with
ischaemic stroke or intracerebral haemorrhage admitted to
an acute care hospital between 1 April 2002 and 31 March
2013.

Setting All regional stroke centres and a simple random
sample of patients from all other hospitals across the
province of Ontario, Canada.

Participants We included 39417 adult patients (84%
ischaemic, 16% haemorrhage), 53% male, with a median
age of 74 years. We excluded non-residents of Ontario,
patients without a valid health insurance number, patients
discharged against medical advice or those who failed

to return from a pass, patients living in a long-term care
centre at baseline and stroke events occurring in-hospital.
Primary outcome measure Association between 90-day
home-time, defined as the number of days spent at home
in the first 90 days after stroke, obtained using linked
administrative data and modified Rankin Scale score at
discharge.

Results Compared with people with no disability, those
with minimal disability had less home-time (adjusted rate
ratio (aRR) 0.96, 95% Cl 0.93 to 0.98) and those with

the most severe disability had the least home-time (aRR
0.05,95% CI 0.04 to 0.05). We found no clinically relevant
modification by stroke type, sex or study year. However, for
a given level of disability, older patients experienced less
home-time compared with younger patients.

Conclusions Our results provide content validity for
home-time to be used to monitor stroke outcomes in large
populations or to study temporal trends. Older patients
experience less home-time for a given level of disability,
suggesting the need for stratification by age.

INTRODUCTION
Stroke is a leading cause of severe disability.' *
The lack of aroutinely collected graded stroke
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Strengths and limitations of this study

» Hospital-based analysis of home-time, a graded
stroke outcome metric that can be derived from ad-
ministrative data.

» First study to assess the association between home-
time and global disability in subgroups, including
stroke type, sex, age groups and study year.

» Lack of data on disability after hospital discharge.

» Lack of data on social support or private funds,
which may influence ability to return home.

outcome metric is a critical limitation to
population-based stroke outcome research.
The modified Rankin Scale (mRS) is the
most frequently used measure of functional
outcome in stroke clinical research, but it
cannot be routinely obtained for all patients
as it requires prospective patient follow-up
and testing.” Home-time is a novel stroke
outcome indicator that is correlated with the
mRS when assessed in clinical trial popula-
tions with ischaemic stroke.”™® Home-time is
defined as the total number of days a patientis
living outside of a healthcare institution after
stroke. This metric is patient centred” ® and
is ideal for pragmatic studies evaluating real-
world outcomes because it can be derived for
large populations using administrative data.”®

There are nevertheless several gaps in
knowledge about home-time. Prior studies
focused on patients with ischaemic strokes
enrolled in clinical trials,4 % and few have
described the relationship between home-
time and mRS in the general population.’
Understanding whether the association
between home-time and mRS holds true in a
population-based sample, in different stroke
types, in important patient subgroups, as well
as in different time periods is necessary to
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inform whether home-time can be used as an outcome
metric to evaluate quality of stroke care. Finally, because
home-time may be sensitive to the structures of healthcare
systems, it is relevant to validate this metric in different
jurisdictions."

We aimed to determine the association between 90-day
home-time and disability at discharge, measured using
the mRS score, in a hospital-based cohort of patients
with ischaemic or haemorrhagic stroke. We hypothesised
that home-time would be strongly associated with the
mRS score and that this association would not be signifi-
cantly modified by stroke type, temporal trends or patient
demographics.

METHODS

Cohort identification

We identified all hospital admissions for ischaemic stroke
or intracerebral haemorrhage in the Ontario Stroke
Registry (formerly known as the Registry of the Canadian
Stroke Network) between 1 April 2002 and 31 March 2013.
The registry collected data on all consecutive patients with
stroke seen in the emergency department or admitted to
regional stroke centres and a simple random sample of
patients from all other hospitals across Ontario, Canada’s
most populous province with a population of 13 million
people.11 We excluded patients with subarachnoid haem-
orrhage. Other exclusion criteria were patients aged less
than 18 years, non-residents of Ontario or those without
a valid health insurance number, patients discharged
against medical advice or those who failed to return from
a pass, patients living in a long-term care centre at base-
line and any strokes occurring during hospitalisation for
a different health condition. Only the first presentation
was included in individuals who presented with stroke
more than once during the study period.

Outcomes and covariates

The 90-day home-time was the primary outcome and
was defined as the total number of days a patient was
living outside of a healthcare institution in the first 90
days after stroke. Home-time was calculated for each
individual patient using linked administrative health
databases (online supplementary table 1) by subtracting
the number of days spent in emergency care, acute care,
inpatient rehabilitation, long-term care institution, as
well as any rehospitalisations from the first 90 days after
the date of admission for the index event. By definition,
patients who died during the index hospitalisation have
0 home-time days. Patients who were discharged from
healthcare institutions and subsequently died in the first
90 days after stroke may have accumulated home-time
days. We also determined whether Ontario public home
care services were provided to patients who were assumed
to be at home. Canadian administrative databases include
data on the entire population and have been extensively
validated for research purposes.”” These datasets were

linked using unique encoded identifiers and analysed at
ICES."

Data on discharge mRS were collected in the registry
through retrospective chart abstraction by trained chart
abstractors, mainly nurses, with stroke expertise (<1%
missing data). The mRS is an ordinal scale ranging from
0 for no symptoms, to 3 for moderate disability (able to
walk without assistance but requiring some help), to 5
for severe disability (bedridden and requiring constant
nursing care) and to 6 for death.” Data validation by
duplicate chart abstraction showed excellent agreement
(kappa score or intraclass correlation coefficient of
greater than 0.9) for key variables.'*

The covariates in our analyses were age, sex, stroke type
(ischaemic stroke vs intracerebral haemorrhage), stroke
severity (mild stroke defined as a National Institutes of
Health Stroke Scale <5), Charlson comorbidity index
(dichotomised to <2 or 22), independence in activities of
daily living prior to the index stroke, location of residency
(small population centre: less than 10 000; medium popu-
lation centre: 10000-100000 and large urban population
centre: >100000) and neighbourhood income quintile.
The covariates were obtained from the Ontario Stroke
Registry, except for the Charlson comorbidity index, the
location of residency and the neighbourhood income
quintliﬁle, which were obtained from linked administrative
data.

Statistical methods

Patient characteristics were described using proportions
for categorical variables, mean and SD, and median with
25th and 75th percentiles (Q,,Q,) for continuous vari-
ables. We used Spearman’s rank correlation to quantify
the correlation between 90-day home-time and discharge
mRS stratified by stroke type. Because the distribu-
tion of home-time is bucket-shaped with peaks around
its minimum value (0) and maximum value (90), we
considered four regression models: the negative bino-
mial model, the Poisson model and their respective
zero-inflated counterparts.'® The zero-inflated negative
binomial regression model best fit our observed data.
Accordingly, this model was used to determine the associ-
ation between discharge mRS and 90-day home-time with
adjustment for the covariates. The zero-inflated negative
binomial model yields two sets of regression coefficients:
one from an underlying logistic model that is model-
ling excess zeros and one from an underlying negative
binomial model for counts. To simplify presentation and
interpretation of the two sets of regression coefficients,
we used a previously described method for summarising
the effect of the predictor variables to yield an adjusted
summary rate ratio (aRR), which is interpreted as the
ratio of the mean number of home-time days among those
exposed to the covariate of interest to the mean number
of home-time days among those who were not.'® We used
bootstrapping to obtain 95% CIs. In order to determine
whether the association between home-time and mRS
was significantly modified by stroke type, sex, age and
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All Ischaemic stroke ICH
(n=39417) (n=32982) (n=6435)

Male sex, n (%) 20693 (52.5) 17201 (52.2) 3492 (54.3)

Minor stroke (NIHSS <5), n (%) 16113 (40.9) 14205 (43.1) 1908 (29.7)

Large urban 31238 (79.3) 26028 (78.9) 5210 (81.0)

Small population 5059 (12.8) 4327 (13.1) 732 (11.4)

Lowest 9161 (23.2) 7748 (23.5) 1413 (22.0)

Middle 7483 (19.0) 6217 (18.8) 1266 (19.7)

Highest 7244 (18.4) 6051 (18.3) 1193 (18.5)

CCl 22, n (%) 20851 (52.9) 17775 (53.9) 3076 (47.8)

Hypertension, n (%) 27156 (68.9) 23136 (70.1) 4020 (62.5)

Active smoking, n (%) 7174 (18.2) 6251 (19.0) 923 (14.3)

Atrial fibrillation, n (%) 7150 (18.1) 6232 (18.9) 918 (14.3)

Dementia, n (%) 2780 (7.1) 2342 (7.1) 438 (6.8)

Discharge mRS

mRS=0, n (%) 2513 (6.4) 2263 (6.8) 250 (3.9)

mRS=2, n (%) 6429 (16.3) 5896 (17.9) 533 (8.3)

mRS=4, n (%) 9372 (23.8) 7772 (23.6) 1600 (24.9)

mRS=6, n (%) 6052 (15.4) 3946 (12.0) 2106 (32.7)

Mean 90-day home-time (SD) 42 (36) 46 (36) 26 (34)

Acute care 1686 (4.3) 1367 (4.1) 319 (5.0)

LTC/CCC 2910 (7.4) 2408 (7.3) 502 (7.8)

Home with home care 2140 (5.4) 1913 (5.8) 227 (3.5)

Continued

w

Yu AYX, et al. BMJ Open 2019;9:2031379. doi:10.1136/bmjopen-2019-031379



Open access

Table 1 Continued

Al
(n=39417)

Ischaemic stroke ICH
(n=32982) (n=6435)

Modified Rankin Scale (mRS): 0: no symptoms, 1: no significant disability despite symptoms, 2: slight disability, 3: moderate disability, 4:

moderately severe disability, 5: severe disability and 6: dead.

CCl, Charlson comorbidity index; ICH, intracerebral haemorrhage; LTC/CCC, long-term care/complex continuing care; NIHSS, National

Institutes of Health Stroke Scale; Q,,Q,, 25th and 75th percentile.

study year, we used likelihood ratio tests to compare the
models with and without the appropriate multiplicative
interaction terms. If a statistically significant interaction
was present (defined as p<0.05), we reported the stratum-
specific aRR derived from the model with the appropriate
main effects and interaction terms.

Research ethics approval

ICES is an independent, non-profit research institute
whose legal status under Ontario’s health information
privacy law allows it to collect and analyse healthcare and
demographic data, without consent, for health system
evaluation and improvement. The use of data in this
project was authorised under section 45 of Ontario’s
Personal Health Information Protection Act. We have
permission to access the data.

RESULTS

Our study sample consisted of 39417 patients (84% isch-
aemic stroke and 16% intracerebral haemorrhage), with
a median (Q,,Q,) age of 74 years (63,82), of whom 53%
were male. The median in-hospital length of stay was 9
days (5,18). Table 1 describes patient characteristics,
disability at discharge, the median 90-day home-time, and
the location of the patient at 90 days by stroke type. The
median 90-day home-time was 55 days (0,82) for patients
with ischaemic stroke and 0 (0,58) for those with intra-
cerebral haemorrhage. By definition, patients who died
during the index hospitalisation (n=6052, 15%) did not
accumulate any home-time days.

More 90-day home-time (ie, more days at home) was
associated with lower mRS at discharge (ie, less disability)
for ischaemic stroke (Spearman correlation coefficient
-0.78) and intracerebral haemorrhage (Spearman
correlation coefficient —0.80). Table 2 shows the median
(Q,,Q,) and mean (SD) home-time for each mRS cate-
gory as well as the results of the multivariable zero-inflated
negative binomial analyses.

We showed that people with higher disability at
discharge from the acute care hospitalisation experienced
less home-time. Compared with people discharged with
no disability (mRS=0), those discharged with minimal
disability had slightly less home-time (mRS=1,aRR 0.96,
95% CI 0.93 to 0.98), but those discharged with the most
severe disability had the least home-time (mRS=5,aRR
0.05,95% CI 0.04 to 0.05). In addition, older people,

those with a higher comorbidity burden and those with
higher stroke severity experienced less home-time, while
those who were independent at baseline experienced
more home-time (table 2). Patients living in medium
urban regions had slightly more home-time than those
living in small towns or in large urban regions. Home-
time was not associated with the neighbourhood income
quintile, a proxy for socioeconomic status.'”

Figure 1 shows the relationship between discharge
mRS and 90-day home-time by stroke type, age, sex and
study year. There was no evidence of effect modification
by stroke type (p for interaction=0.06), but there was a
statistically significant interaction for age, sex and study
year (p for interaction <0.001 for all three covariates).
In the subanalysis by age, we observed that for almost
all levels of the mRS, except those with the most severe
disability, older patients experienced less home-time
compared with their younger counterparts (figure 2). In
the subanalysis by sex, we observed that compared with
women, men experienced slightly more home-time in
the subgroup of patients discharged with lower disability
(mRS=1,aRR (95% CI) 1.02 (1.00 to 1.05), mRS=2,aRR
(95% CI) 1.03 (1.00 to 1.05) and mRS=3,aRR (95% CI)
1.05 (1.03 to 1.07)), but men had less home-time among
those with the most severe disability (mRS=5,aRR (95%
CI) 0.69 (0.52 to 0.92), figure 3). Finally, in the subanal-
ysis by study years, despite a statistically significant p value
for interaction, we did not observe any consistent or clin-
ically meaningful trends in effect modification (online
supplementary figure 1).

DISCUSSION

In this large hospital-based study of patients with stroke,
we demonstrated that 90-day home-time was associ-
ated with global disability as measured by the mRS at
discharge, for both ischaemic stroke and intracerebral
haemorrhage and that this association was stable over
an ll-year period. We showed a clear gradient between
home-time and functional outcomes, across the levels of
disability measured by the mRS, with people discharged
from hospital with the highest disability experiencing the
least home-time. In addition, home-time was responsive
to covariates known to be associated with stroke outcomes
as people who were older, dependent at baseline, had
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Median home-time Mean home-time aRR

Predictor variables Q,,Q) (SD) (95% CI)

21-60 68 (12,84) 53 (35) Reference

71-80 46 (0,80) 42 (36) 0.94 (0.92 to 0.95)

Sex

Male 53 (0,82) 45 (36) 1.01 (0.99 to 1.02)

mRS 0 84 (81,87) 80 (16) Reference

mRS 2 81 (68,85) 73 (21) 0.92 (0.90 to 0.94)

mRS 4 9 (0,45) 23 (27) 0.23 (0.22 to 0.24)

Home location

Medium population 50 (0,82) 43 (37) 1.04 (1.02 to 1.07)

Neighbourhood income quintile

Next to lowest 46 (0,81) 42 (36) 1.02 (0.99 to 1.04)

Next to highest 50 (0,81) 43 (36) 1.02 (0.99 to 1.04)

Charlson comorbidity index

Score >2 30 (0,76) 36 (36) 0.91 (0.90 to 0.93)

Dependent 7 (0,68) 30 (35) Reference

Stroke severity

Severe (NIHSS >5) 5 (0,63) 29 (34) 0.82 (0.80 to 0.83)

aRR, adjusted rate ratio; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke Scale; Q,,Q,, first and third quartile.

higher comorbidity burden or presented with severe  and patient-centred metric is urgently needed for moni-

strokes had less home-time.'” '®

Home-time has been identified as a patient-centred
outcome in stroke’ as well as in other medical conditions,
such as cancer.® This metric is associated with healthcare
costs and is important to policy makers."’ ' With the
availability of new stroke treatments, for example, acute
revascularisation treatments up to 24hours after stroke
onset,”’ " systematic evaluation of outcomes with a graded

toring the quality and equity of care across populations.
Our findings support the use of home-time derived from
administrative data to study real-world stroke outcomes as
well as in pragmatic clinical trials.”

Our inclusion of patients with intracerebral haemor-
rhage is important because acute treatment options are
limited for this condition and systematic evaluation of
outcomes may be particularly relevant for testing potential
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treatments or identifying prognostic markers.”* A recent
study reported that discharge mRS is associated with 90-day
home-time after admission for aneurysmal subarachnoid

mRS 0
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Figure 2 Age-specific adjusted summary rate ratio for
90-day home-time by mRS with ages 21-60 years as the
reference group. mRS, modified Rankin Scale.
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Figure 3 Sex-specific adjusted summary rate ratio for 90-

day home-time by mRS with female as the reference group.
mRS, modified Rankin Scale.

6

Yu AYX, et al. BMJ Open 2019;9:2031379. doi:10.1136/bmjopen-2019-031379



haemorrhage,” but the association between home-time
and mRS has not yet been reported in patients with intrace-
rebral haemorrhage. Furthermore, the temporal stability of
the relationship between home-time and mRS is important
for studies on temporal trends in stroke outcomes. The sex
differences in the relationship between home-time and
mRS are of small magnitude, suggesting that home-time is
a valid indicator for poststroke disability in both men and
women.

In the stratified analysis by age, we found that compared
with younger patients, older ones with the same degree
of disability at discharge experienced less home-time. For
example, considering that the mean home-time for patients
discharged with mild disability (mRS=1) was 77 days, an aRR
of 0.96 for patients aged 71-80 years compared with those
aged 21-60 years translates into a difference of 3 days and
an aRR of 0.90 for those older than 80 years translates into
a difference of 8 days. This gradient was not seen in patients
with severe disability (mRS=5), likely because few home-
time days were accumulated overall in this category. Older
patients are likely experiencing less home-time compared
with younger ones because of more comorbid medical
illnesses, poststroke complications and higher pre-stroke
dependence.'” '® Stratified analyses by age groups may be
necessary when using home-time to investigate outcomes
after stroke.

Our findings are consistent with other studies calibrating
home-time with the mRS in patients with ischaemic stroke
enrolled in clinical trials*®? as well as in US Medicare benefi-
ciaries admitted to hospital with ischaemic stroke.” ** Home-
time is likely influenced by the organisation of healthcare
systems.” ' Although we were unable to perform direct
comparisons, we found that the median home-time after
ischaemic stroke in Ontario (55 days (0,82)) was less than
that reported in the U.S. (79 days (52,86)),” suggesting that
home-time should be calibrated in the setting where it is
intended to be used. A recent study using data from the
Scottish National Health Service reported a mean home-
time of 49 days after ischaemic stroke and 27 days after intra-
cerebral haemorrhage,?” which is similar to our findings (46
days after ischaemic stroke and 26 days after intracerebral
haemorrhage). Both Canadian and Scottish health systems
operate under a single-payer universal healthcare model.
Understanding home-time in different health systems will
inform the use of this metric as a pragmatic outcome in
multinational studies.

The strengths of our study are its population-based
design, the inclusion of patients with intracerebral haem-
orrhages, the large sample size and the long study dura-
tion allowing for the evaluation of temporal trends. Our
study nevertheless has limitations. First, the registry data-
base only includes mRS at the time of discharge and the
90-day mRS was not available for analysis. While disability
may change between discharge and 90 days, early
disability has been shown to be a predictor of outcome
at 90 days.”® Furthermore, we showed strong associations
between home-time and discharge mRS in subgroup
analyses, providing validity for the clinical relevance of

home-time. Second, returning home may be contingent
on social support or private funds, which are not captured
in the administrative data calculation of home-time. We
did however include neighbourhood income quintile as
a measure of socioeconomic status and did not find an
association with home-time. We also included the use of
publicly funded home care services, which may range
from a few hours a week to a few hours a day for assis-
tance with activities of daily living or instrumental activ-
ities of daily living, but these do not include around the
clock support. Finally, admission to long-term care may be
underestimated prior to the fiscal year 2009/2010 because
the Continuing Care Reporting System Long-Term Care
database was incomplete,‘zg but we did not find any clin-
ically meaningful differences in the association between
mRS and home-time by study years.

CONCLUSIONS

Home-time is associated with global disability after isch-
aemic stroke and intracerebral haemorrhage. Its key advan-
tage is that it can be calculated using routinely collected
administrative data, allowing for the measurement of stroke
outcomes for large populations. Our findings inform the
application of home-time as a quality indicator of stroke
care and its use as a pragmatic outcome in stroke health
services research.
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