
Original Article

Age-Specific Association of Co-Morbidity With Home-Time After Acute
Stroke

Raed A. Joundi1 , James A. King2 , Jillian Stang3, Dana Nicol3, Michael D. Hill4 , Amy Y.X. Yu5,6 ,

Moira K. Kapral5,7 and Eric E. Smith4
1Division of Neurology, Hamilton Health Sciences, McMaster University & Population Health Research Institute, Hamilton, ON, Canada, 2Provincial Research Data
Services, Alberta Health Services, Alberta Strategy for Patient Oriented Research Support Unit Data Platform, Calgary, AB, Canada, 3Data and Analytics (DnA),
Alberta Health Services, Edmonton, AB, Canada, 4Department of Clinical Neuroscience and Hotchkiss Brain Institute, Cumming School of Medicine, University of
Calgary, Calgary, AB, Canada, 5ICES, Toronto, ON, Canada, 6Department of Medicine (Neurology), University of Toronto, Sunnybrook Health Sciences Centre,
Toronto, ON, Canada and 7Department of Medicine, Division of General Internal Medicine, University of Toronto, Toronto, ON, Canada

ABSTRACT: Objective: To examine the association of co-morbidity with home-time after acute stroke and whether the association is
influenced by age. Methods: We conducted a province-wide study using linked administrative databases to identify all admissions for first
acute ischemic stroke or intracerebral hemorrhage between 2007 and 2018 in Alberta, Canada. We used ischemic stroke-weighted Charlson
Co-morbidity Index of 3 or more to identify those with severe co-morbidity.We used zero-inflated negative binomial models to determine the
association of severe co-morbidity with 90-day and 1-year home-time, and logistic models for achieving ≥ 80 out of 90 days of home-time,
assessing for effect modification by age and adjusting for sex, stroke type, comprehensive stroke center care, hypertension, atrial fibrillation,
year of study, and separately adjusting for estimated stroke severity. We also evaluated individual co-morbidities. Results: Among 28,672
patients in our final cohort, severe co-morbidity was present in 27.7% andwas associated with lower home-time, with a greater number of days
lost at younger age (−13 days at age< 60 compared to−7 days at age 80þ years for 90-day home-time;−69 days at age< 60 compared to−51
days at age 80þ years for 1-year home-time). The reduction in probability of achieving≥ 80 days of home-time was also greater at younger age
(−22.7% at age< 60 years compared to−9.0% at age 80þ years). Results were attenuated but remained significant after adjusting for estimated
stroke severity and excluding those who died. Myocardial infarction, diabetes, and cancer/metastases had a greater association with lower
home-time at younger age, and those with dementia had the greatest reduction in home time. Conclusion: Severe co-morbidity in acute stroke
is associated with lower home-time, more strongly at younger age.

RÉSUMÉ : Association en fonction de l’âge entre une comorbidité et le temps passé à la maison après un AVC aigu. Objectif : Examiner
l’association d’une comorbidité avec le temps passé à la maison après un AVC aigu ; déterminer si cette association est influencée par l’âge.
Méthodes : Nous avons mené une étude à l’échelle de la province d’Alberta en utilisant des bases de données administratives pour identifier
toutes les admissions liées à un premier AVC ischémique aigu ou à une hémorragie intracérébrale, et ce, entre 2007 et 2018. Pour ce faire, nous
avons utilisé l’indice pondéré de comorbidité de Charlson pour identifier les personnes présentant une comorbidité sévère (score de 3 ou plus
pour chaque AVC ischémique). Nous avons également recouru à des modèles binomiaux négatifs gonflés à zéro pour déterminer l’association
d’une comorbidité sévère avec le temps passé à domicile au bout de 90 jours et après 1 an, mais aussi à des modèles logistiques pour atteindre
> 80 sur 90 jours de temps passé à domicile, évaluant ainsi la modification de l’effet par l’âge et procédant à un ajustement en fonction du sexe,
du type d’AVC, des soins complets prodigués dans un centre de l’AVC, de l’hypertension, de la fibrillation auriculaire, de l’année de l’étude.
Enfin, soulignons que nous avons ajusté séparément notre analyse pour tenir compte de la gravité estimée des AVC. Résultats : Parmi les 28
672 patients de notre cohorte finale, une comorbidité sévère était présente chez 27,7 % d’entre eux et était associée à un temps de séjour à
domicile plus court, avec un plus grand nombre de jours perdus à un âge plus jeune (−13 jours à un âge < 60 par rapport à −7 jours à un âge
80þ pour un temps de séjour à domicile de 90 jours ;−69 jours à un âge < 60 par rapport à−51 jours à un âge 80 + pour un temps de séjour à
domicile d’un an). La réduction de la probabilité d’atteindre> 80 jours de temps à domicile était également plus importante à un âge plus jeune
(−22,7 % à un âge< 60 par rapport à−9,0 % à un âge 80 +). Ces résultats ont été atténués mais sont demeurés significatifs après un ajustement
tenant compte de la gravité estimée des AVC et l’exclusion des personnes décédées. Conclusion : En somme, une comorbidité sévère dans le
cas d’un AVC aigu est associée à un temps à domicile moins prolongé. Elle est aussi associée de façon plus notable à un âge plus jeune.
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Introduction

Due to improvements in acute stroke treatments and systems of
care more people are surviving after stroke in the past two
decades.1–5 The drop in case fatality, in addition to the aging
population, means that the absolute number of people with stroke
and associated co-morbidities is increasing worldwide.6 A high
proportion of people with stroke have one or more co-morbid
conditions, particularly in older individuals.7–9 Higher co-morbid-
ity may lead to worse outcomes through impaired baseline
functional status,10,11 greater stroke severity, poor stroke recovery,
or other mechanisms.12 However, there is a paucity information on
co-morbidity and functional outcomes after stroke, particularly in
population-wide studies.12 A systematic review with predomi-
nantly hospital-based cohorts concluded that multiple chronic
conditions were associated with worse post-stroke functional
outcomes although there was high heterogeneity and population-
based studies were found to be lacking.13

The impact of co-morbidity on stroke functional outcomes is
important to understand to better direct health care service
delivery and provide appropriate care to those with co-morbidity
at higher risk of poor outcomes.12 In population-wide studies,
obtaining functional outcomes such as the modified Rankin Scale
is not feasible. Home-time is a novel patient-prioritized global
outcome for stroke defined as time alive and at home in a
prespecified time period after stroke.14–17 It is highly correlated
with mRS, is valued by patients and their caregivers, and can be
obtained from administrative datasets.18,19

We have previously shown that severe co-morbidity is
associated with higher mortality after stroke, particularly in
younger individuals.20 We sought to evaluate whether the impact
of co-morbidity and its age dependence extends to home-time as a
surrogate of functional outcome. We conducted a large popula-
tion-wide study using administrative data to determine the
association between co-morbidity and 90-day home-time after
stroke and assess potential differences with age.

Methods

Data source and participants

The study was conducted using data from the province of Alberta,
Canada from 2007–2018 inclusive. The adult population of Alberta
in 2018 was 3,340,585. We obtained data from linked admin-
istrative databases of Alberta Health, a government ministry that
provides universal health care coverage to more than 99% of
residents. The administrative health databases were linked
deterministically by use of the unique personal health number.

Study sample and administrative data sources

We used the Discharge Abstract Database (DAD) and the National
Ambulatory Care Reporting System (NACRS) to identify all first
episodes of acute ischemic stroke or intracerebral hemorrhage
(ICH) in Alberta between years 2002 and 2018 using International
Statistical Classification of Diseases and Related Health Problems,
Tenth Revision, Canada codes [ischemic stroke: I63.x (excluding
I63.6), I64.x, H34.1; ICH: I61.x]. We included people with hospital
admission only. Stroke hospitalization codes were obtained from
the most responsible diagnosis position and have excellent positive
predictive value for stroke in Canada.21 Information on long-term
care was obtained from the Provincial Continuing Care
Information System and on rehabilitation from the National

Rehabilitation System. The Canadian Vital Statistics Death
Database was used to identify deaths.

We excluded patients < 18 or > 105 years of age, those with
elective admissions, and those with in-hospital stroke. We
excluded individuals who were not registered in the Alberta
Provincial Registry during the year of index stroke and the
previous two years to ensure we did not include individuals with a
recent stroke in another jurisdiction. We excluded individuals with
a prior diagnosis of stroke in a 5-year washout period between
2002-2006 to increase the proportion of patients with true incident
or first-ever stroke. See Supplemental Figure 1 for study flowchart.

Charlson Co-morbidity Index

The Charlson Co-morbidity Index (CCI) was originally developed
as a weighted index of co-morbid conditions extracted from data
entered into hospital medical records. The conditions are weighted
on the basis of 1-year mortality and summed to give a total score.22

More recently, the CCI has been adapted to ischemic stroke in a
contemporary cohort and was calculated for this analysis. The new
index re-assigned 7 of the weights and is more parsimonious with
10 variables instead of 17, with a small but significant increase in
predictive accuracy for 30-day mortality.23 We calculated the
ischemic stroke-weighted CCI with co-morbidities in the 3 years
prior to stroke hospitalization using validated algorithms
(Supplemental Table I). Co-morbidities included were myocardial
infarction, congestive heart failure, dementia, chronic obstructive
pulmonary disease, rheumatologic disease, diabetes with chronic
complications, primary cancer, and metastatic solid tumor. We
excluded cerebrovascular disease and hemiplegia, similar to other
studies in stroke.1,24,25 Post-admission co-morbidities for the index
stroke admission were not included. As hypertension and atrial
fibrillation are not included in the CCI, we obtained information
on these co-morbidities separately. The CCI was categorized as 0–2
and 3þ in the main analysis, where 3þ was considered severe co-
morbidity as it was above the 75th percentile and similar to the
proportion with severe co-morbidity in other studies.1

Stroke severity (PaSSV)

Stroke severity was estimated for hospitalized patients using the
Passive Surveillance Stroke Severity Indicator (PaSSV),26 which
was calculated from 12 variables extracted from the chart by
administrative coders and available at hospital presentation or
admission (NACRS and/or DAD): age, sex, triage score, arrival by
ambulance, transfer to a stroke center, ataxia, decreased level of
consciousness, mechanical ventilation within 2 days, and speech,
visual, motor, or sensory symptoms. PaSSV was previously
validated against observed stroke severity using data from the
Ontario Stroke Registry and in Alberta, Canada.26,27 We used
coefficients that allowed estimation of Canadian Neurological
Scale (see Supplemental Table II for more information on variable
derivation and coefficients).

Co-variates

Administrative databases were used to obtain age, sex, stroke type,
hypertension, and atrial fibrillation. There are two comprehensive
stroke centers in Alberta, and we identified whether patients had
been admitted or transferred to a comprehensive stroke center at
any time during their episode of care.
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Home-time

As per previously published methods, home-time was defined as
the number of nights spent in the premorbid living setting, whether
it was the patient’s own home or that of a relative, with or without
home care services, within 90 days of the index episode of care
(from first presentation to ED).18 Higher home-time (i.e., more
time at home and less in healthcare institutions) has been shown to
be associated with lower global disability after stroke.18 Time spent
home was inferred when nights were not recorded as being spent in
some form of care, including hospitalization, rehabilitation, or
long-term care. Return to pre-stroke living situation if the patient
was a residence in a long-term care setting was counted as being
home. A home-time of zero days indicates inability to return to
home due to death, prolonged hospitalization, or new long-term
care placement. Patients who died in hospital after the index stroke
have a home-time of zero days by definition.

Outcomes

Our primary outcome was 90-day home-time in days. For the
analysis, we focussed on the difference in home-time between
those with and without severe co-morbidity. Our secondary
outcomes were: (1) 1-year home-time, and (2) probability of
achieving a home-time threshold of≥ 80 days within 90 days of the
index event (correlating with modified Rankin Scale score 0–1).18

Statistical analysis

We stratified baseline characteristics by CCI group and age group
(18–59, 60–69, 70–79, and 80þ years).We reported themeanhome-
time by age group and sex in those with and without severe co-
morbidity. We explored differences in home-time by group
graphically. Due to the large number of individuals with zero days
of home-time and consequent bucket-shaped distribution, our main
analysis was conducted with zero-inflated negative binomial
regression.28,29 Zero-inflated regression simultaneously models the
probability that an observation belongs to a latent class that only
produces zeroes (zero-inflatedmodel), and that it belongs to a latent
class with a negative binomial distribution (count model).30–32

This method attributes the generation of zeroes to two possible
processes; in the case of home-time a value of zero would be
attributed to either death before arriving home or remaining in care
institutions for 90 or more days.

The main exposure in the zero-inflated model was severe
co-morbidity (CCI score 3þ vs. 0–2) and the outcome was 90-day
home-time. We included interaction terms between severe co-
morbidity and age or sex to assess for modification. We considered
effect modification to be present if the p-value for interaction was
< 0.05 for either the zero-inflated or count portion of the model,
comparing the effect of severe co-morbidity in the 80þ with the
< 60 age group. There was significant effect modification by age,
but not sex, so the interaction term for age remained in the model.
The main models were adjusted for sex, stroke type (ischemic vs.
ICH), center type (comprehensive vs. non-comprehensive stroke
center), hypertension, atrial fibrillation, and year of study. We
additionally adjusted for PaSSV (estimated stroke severity) and
pre-stroke supportive living or long-term care in separate models.
We plotted the predicted mean difference in home-time days
between those with and without severe co-morbidity, by age group.
We also calculated the overall (non-age-stratified) association of
co-morbidity with home-time.

In secondary analyses we evaluated the impact of severe
co-morbidity on predicted probability of ≥80 days of home-time
(within 90 days) using logistic regression models, and on 1-year
home-time using zero-inflated models. We also assessed whether
individual co-morbidities in the CCI were associated with 90-day
home-time and if the association was modified by age, while
adjusting for the same factors above, as well as all other co-
morbidities and PaSSV. Lastly, we evaluated the impact of diabetes
without chronic complications (not included in the ischemic
stroke-weighted CCI) and all diabetes (with or without chronic
complications).

All analyses were done using Stata 17.0 (College Station, TX).

Results

Our final cohort consisted of 28,672 patients, of whom 87.8% had
ischemic stroke. Mean age was 71.9 (standard deviation 14.5), and
47.0% were female. Baseline characteristics stratified by CCI
< 3 and 3 þ are shown in Table 1 and baseline characteristics
stratified by age group are shown in Supplemental Table III. Severe
co-morbidity was present in 27.7% of individuals. Those with
severe co-morbidity were older, more likely to have ischemic
stroke, less likely to have care at a comprehensive stroke center, and
had higher estimated stroke severity (Table 1). There were 4,804
individuals (16.8%) who died within 90 days.

The distributions of home-time for all age groups with and
without severe co-morbidity are shown in Figure 1. Home-time had
the expected bimodal distribution with peaks at 0 days and ≥ 80
days. The difference in home-time comparing those with and
without severe co-morbidity was most apparent in those < 60 years,
with a larger decrease in proportion of home-time ≥80 days and an
increase in home-time of 0 days compared to those 80þ years.
Unadjusted mean home-time was lower in those with severe co-
morbidity and those at older age, but the difference in those with and
without severe co-morbidity was greatest at younger age (Fig. 2).
Mean home-times for each age group, with and without severe co-
morbidity and the individual co-morbidities are shown in
Supplemental Table IV; the lowest home-time was seen in those
age 80þ with dementia. Men and women had similar reductions in
home-time with severe co-morbidity (Supplemental Table V).

In the zero-inflated models, there was a significant interaction
between severe co-morbidity and age (Fig. 3), but not sex. Younger
age groups had the greatest adjusted reduction in 90-day home-
time with severe co-morbidity compared to no severe co-
morbidity, with an adjusted mean difference of −13.3 days (95%
CI−16.7 –−10.0) at age< 60,−12.3 days (95% CI−15.0 –−9.6) at
age 60–69, −11.0 days (95% CI −13.1 – −8.9) at age 70–79,
and −7.7 days (95% CI −9.3 – −6.2) at age 80þ (Fig. 3A). There
was a similar age-dependent association of severe co-morbidity
with home-time at 1 year (Figure 3B), with an adjusted mean
difference of−69.0 days (95% CI−84.1 –−53.9) at age< 60,−64.0
days (95% CI −76.4 – −51.6) at age 60–69, −62.7 days (95% CI
−72.5 – −53.0) at age 70–79, and −51.4 days (95% CI −58.1 –
−44.7) at age 80þ. In adjusted logistic regressionmodels for home-
time ≥ 80 days (out of 90), there was again a significant interaction
between severe co-morbidity and age (Fig. 3C). Severe co-
morbidity was associated with greater reduction in probability
of achieving ≥ 80 days of home-time at younger age. The change
in probability was −22.7% (95% CI −26.4 – −19.0) in those
< 60 years, compared to −18.0% (95% CI −21.0 – −14.9) at
age 60–69 years,−16.0% (95% CI−18.3−−13.7) at age 70–79, and
−9.0% (95% CI −10.6 – −7.4) at age 80þ years.
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Table 1. Baseline characteristics and outcomes stratified by CCI < 3 and 3þ

Total N= 28,672 CCI < 3 N= 22,176 CCI 3 þ N= 7,937 p-Value*

Age, mean (SD) 71.9 (14.5) 69.9 (14.9) 76.9 (11.9) <0.001

Age categories, N (%) <0.001

<60 5,787 (20.2%) 5,057 (24.4%) 730 (9.2%)

60–69 5,518 (19.2%) 4,282 (20.7%) 1,236 (15.6%)

70–79 7,216 (25.2%) 5,058 (24.4%) 2,158 (27.2%)

80þ 10,151 (35.4%) 6,338 (30.6%) 3,813 (48.0%)

Female sex, N (%) 13,464 (47.0%) 9,669 (46.6%) 3,795 (47.8%) 0.073

ICH, N (%) 3,498 (12.2%) 2,593 (12.5%) 905 (11.4%) 0.011

Rural residence, N (%) 11,148 (38.9%) 7,962 (38.4%) 3,186 (40.1%) 0.007

Pre-stroke supportive living or long-term care, N (%) 2,060 (7.2%) 854 (4.1%) 1,206 (15.2%) <0.001

Care at a comprehensive stroke center, N (%) 15,133 (52.8%) 11,479 (55.4%) 3,654 (46.0%) <0.001

Hypertension, N (%) 19,489 (68.0%) 12,993 (62.7%) 6,496 (81.8%) <0.001

Atrial fibrillation, N (%) 4,937 (17.2%) 2,454 (11.8%) 2,483 (31.3%) <0.001

PaSSV score, mean (SD) 7.7 (1.9) 7.8 (1.9) 7.5 (1.8) <0.001

ICH= intracerebral hemorrhage; CCI= Charlson Co-morbidity Index; PaSSV = Passive Surveillance Stroke Severity Indicator (lower score indicates greater estimated stroke severity);
SD = standard deviation.
*P-value from Pearson’s chi-squared test for categorical variables and t-test for continuous variables.

Figure 1. Ninety-day home-time stratified by age group, with (maroon) and without (blue) severe co-morbidity (CCI 3þ). CCI= Charlson Co-morbidity Index.
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When adjusting for PaSSV, there was attenuation in the age
interaction such that differences between age groups for 90-day
and 1-year home-time were reduced. However, all groups still
had substantially lower home-time with severe co-morbidity

(Fig. 3D–F). Adjusting for pre-stroke supportive living or
long-term care made negligible change to the estimates (results
not shown). When excluding people who died, the age interactions
were similar (Fig. 4). While the overall impact of severe

Figure 2. Mean and 95% confidence intervals of 90-day (A) and 1-year (B) home-time by age group, with (dark maroon) and without (light maroon) severe co-morbidity.
The difference in home-time with severe co-morbidity was larger at younger age. CCI = Charlson Co-morbidity Index.

Figure 3. Adjusted mean difference in home-time with 95% confidence intervals between those with and without severe co-morbidity (CCI 3þ), stratified by age group. Those at
younger age have greater reduction in 90-day home-time (A, D), 1-year home-time (B, E), and probability of≥80 days of home-timewithin 90 days (C, F) in the presence of severe co-
morbidity. Models adjusted for sex, stroke type, comprehensive stroke center admission, hypertension, atrial fibrillation and year of study in A–C, and additionally adjusted for
PaSSV (estimated stroke severity) in D–F. P-interaction show the p-value for interaction between age and severe co-morbidity for the zero-inflation and the count portion of the
zero-inflated model (A,B,D,E) and for the logistic model (C,F). CCI = Charlson Co-morbidity Index; PaSSV = Passive Surveillance Stroke Severity Indicator.
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co-morbidity on home-time was reduced, as the impact on death
(0 home-time days) was removed, the association with lower
home-time remained significant in all age groups. All model
estimates, overall and age-stratified, are presented in Supplemental
Table VI.

When co-morbidities were analyzed individually, those that
demonstrated age modification (greater impact in younger
compared to older patients) were myocardial infarction, diabetes,
cancer/metastases, and congestive heart failure (Fig. 5A–E). Heart
failure and pulmonary disease were associated with slightly lower
home-time but there was no age modification (Fig. 4D–E).
Dementia had no age modification but showed the greatest
reduction in home-time overall among all the co-morbidities (−13
days; Fig. 4F). Rheumatic fever had no age-specific or overall
association. Results were similar after excluding those who died
within 90 days, except for cancer where the association was lost
(Supplemental Figure 2). Results were also similar for diabetes
without complications and all diabetes (Supplemental Figure 3).
All estimates shown in Supplemental Table VII.

Discussion

We conducted a large population-based study of severe
co-morbidity and its age-dependent association with home-time
in acute stroke. Severe co-morbidity was independently associated
with lower home-time, and this association was strongest in
younger individuals. In those under 60 years of age, the presence of
severe co-morbidity was associated with approximately 13 less

days at home within 90 days after stroke and 69 less days at home
within 1 year after stroke, compared to 7 days and 51 days,
respectively, for those age 80 years and over. Our findings highlight
the importance of co-morbidity in home-time, a patient-
prioritized global outcome, particularly among younger
individuals.

Prior studies have demonstrated an association between
co-morbidity burden andmortality after stroke.1,20,33–36 However,
information on co-morbidity and functional outcomes is sparse.
Co-morbidity is associated with worse functional outcomes after
stroke in registry and hospital-based cohorts.13,37 A systematic
review and meta-analysis confirmed that co-morbidity was
associated with worse functional outcome after stroke, but there
was high heterogeneity and population-based studies were
lacking.13 More detailed understanding of co-morbidity in stroke
is needed on a population level, particularly as it impacts on
clinical and patient-centered outcomes.38 We used home-time as
a surrogate for functional outcome as it is patient-centered,
obtained through population-based administrative data linkages,
and correlates strongly with modified Rankin Scale score.18

Severe co-morbidity was associated with lower home-time
overall, and individual co-morbidities with the strongest
association were dementia, heart failure, and diabetes. Younger
individuals had greater reductions in home-time at 90 days and
1 year compared to older individuals in the presence of severe co-
morbidity, and the difference persisted after adjustment. Due to
recent reports of rising incidence of vascular risk factors and
stroke in younger individuals,6,39–42 there is increasing

Figure 4. Adjusted mean difference in home-time with 95% confidence intervals between those with and without severe co-morbidity (CCI 3þ), stratified by age group, excluding
those who died within 90 days. Models adjusted for sex, stroke type, comprehensive stroke center admission, hypertension, atrial fibrillation and year of study in A–C, and
additionally adjusted for PaSSV (estimated stroke severity) in D–F. P-interaction show the p-value for interaction between age and severe co-morbidity for the zero-inflation and
the count portion of the zero-inflated model (A,B,D,E) and for the logistic model (C,F). CCI = Charlson Co-morbidity Index; PaSSV = Passive Surveillance Stroke Severity Indicator.
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importance of understanding stroke outcomes in the young with
co-morbid conditions.

We recently showed in the same cohort that co-morbidity was
associated with increased mortality, with a higher hazard ratio at
younger age.20 Therefore, we conducted analyses excluding death
to ensure that the impact on home-time was not solely driven by
mortality. We found that while the magnitude of reduction in
home-time was lessened, it remained significant and the gradient
across age remained similar. When examining individual
co-morbidities, myocardial infarction, cancer and diabetes showed
age-dependent gradients. There are multiple possibilities for the
strengthening of associations between co-morbidity and home-
time with younger age. First, severe co-morbidity may impact
functional outcome through the use of hyperacute stroke treat-
ments or secondary prevention medications, the increased
complexity of care, disparities in multidisciplinary care provision,
polypharmacy, ability to self-manage, or biological mechanisms
such as brain inflammation.12,43,44 For example, diabetes may
mitigate the benefits of acute stroke therapies.45 Due to the overall
better outcomes at younger age after stroke, it is possible that
disruption in pathophysiology, treatments, or care pathways exerts
a greater relative impact than at older age. Second, co-morbidities
can impact on rehabilitation and recovery through greater anxiety
and depression,46 and younger patients are more likely to
experience depression and anxiety than older patients.47 Third,
multiple additional phenomena may account for the attenuation
of association in the elderly, including floor effects as the mean

home-time in the elderly is already low, selective survival resulting
in resistance to the impact of co-morbidities, or competing causes
of death and poor outcome.48 It is worth noting that although the
relative impacts of co-morbidities are greater at younger age, those
at older age still have far lower absolute home-time, compatible
with prior studies showing worse outcomes in older individuals.49

For example, the mean home-time was 36.8 in those in those aged
80þ years without dementia, and 24.3 with dementia, compared to
60.1 and 37.7 at age < 70 years. The smaller reduction at older age
may be due to floor effects or the longer length of stay and higher
rate of discharge to long-term care among this group regardless
of dementia status due to frailty, stroke severity, and other
contributing co-morbidities.

A strength of the study is the use of administrative data to
evaluate home-time in a large, population-wide cohort within a
universal health care system. This enhances generalizability as
approximately 47% of the cohort was from non-comprehensive
centers and 39% were living in a rural area. This also ensured no
missing data for co-morbidities or home-time. However our study
has some limitations. First, our study relied exclusively on
administrative data linkages, however diagnosis of stroke
admissions using administrative data in Canada has a high
positive predictive value.21 Second, we could not capture co-
morbidities such as dyslipidemia or smoking status reliably
through administrative data, although our focus was on the burden
of co-morbidities as measured by the CCI previously shown to be
associated withmortality, rather than stroke risk factors.26,35 Third,

Figure 5. Adjusted mean difference in 90-day home-time with 95% confidence intervals for different co-morbidities. There is age modification for myocardial infarction (A),
diabetes (B), or cancer/metastases (C). There was no significant age modification of heart failure, pulmonary disease, or dementia, but an overall lower home with these
co-morbidities (D–F). Dementia was associated with the greatest reduction in home-time. Models adjusted for sex, stroke type, comprehensive stroke center admission,
hypertension, atrial fibrillation year of study, and PaSSV (estimated stroke severity). Due to small proportion with dementia in the< 60 years of age group (1%), the< 60 and 60–69
years of age groups were combined. PaSSV = Passive Surveillance Stroke Severity Indicator.
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dementia is likely under-coded in administrative data, particularly
for mild cases.50 Fourth, there are likely to be many unmeasured
confounders, the most important of which is stroke severity.
However we adjusted for an estimate of stroke severity with a
validated approach using administrative data,26 and residual
confounding by stroke severity is unlikely to be age-dependent.
Fifth, we could not reliably capture the use of acute stroke therapies
using administrative data sources.

In summary, severe co-morbidity is associated with lower
home-time after acute stroke, particularly in younger people. The
lower home-time in people with co-morbidity may impact quality
of life and health care costs. These findings reflect the need for
additional research to understand the drivers and consequences of
co-morbidity after acute stroke across the lifespan.

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/cjn.2024.37.
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