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Objective: To investigate whether referral for
different types of rehabilitation on discharge
from Swedish stroke units can predict functional
outcomes at 1 and 5 years after a stroke.

Design: A longitudinal and registry-based study.
Subjects/patients: A total of 5,118 participants
with index stroke in 2011 were followed-up at 1 and
5 years after the stroke.

Methods: Ordinal logistic regression models were
developed to predict the category of functional
outcome: independent, dependent, or dead. The
primary predictors were planned rehabilitation in a
home setting, inpatient rehabilitation, and outpatient
rehabilitation, with no planned rehabilitation as the
reference category.

Results: Planned outpatient rehabilitation predicted
independence (compared with death) at 1 year.
Planned rehabilitation in the home setting predicted
independence (compared with death) at 1 and
5 years. Compared with other planned pathways,
participants planned for inpatient rehabilitation
had more severe conditions, and planned inpatient
rehabilitation did not predict independence.
Conclusion: Planning for outpatient or home-based
rehabilitation appeared to lead more effectively to
participants achieving independence over the course
of 1-5 years. This may have been due to the less
severe nature of these participants’ conditions, com-
pared with those requiring inpatient rehabilitation.

Key words: stroke; rehabilitation; functional outcome;
activities of daily living; independence.

Submitted Sep 18, 2023. Accepted after revision Apr 11, 2024.
Published May 21, 2024. DOI: 10.2340/jrm.v56.19458
J Rehabil Med 2024; 56: jrm19458.

Correspondence address: Malin C. Nylén, Institute of Neurosci-
ence and Physiology, Rehabilitation Medicine, University of Gothen-
burg, Vita straket 12, van 4, SE-413 45 Gothenburg, Sweden. Email:
malin.nylen@neuro.gu.se

In comprehensive stroke units, medical surveillance
and rehabilitation improve survival and functional
outcome after stroke (1). Rehabilitation needs should
be identified before discharge from a stroke unit.
Once these needs are assessed, rehabilitation can then
be organized into one of three pathways: inpatient,
outpatient, or home-setting rehabilitation. In Sweden,

/LAY ABSTRACT )

Patients discharged from stroke units who require reha-
bilitation may receive training provided in specialized
facilities, clinics, or through home-based programmes.
Here we investigated whether these different rehabili-
tation pathways could predict patients’ functional levels
at 1 and 5 years post-stroke. We analysed data from
5,118 participants, and found that patients planned for
home-based rehabilitation were more likely to survive
and to manage daily activities, either independently or
with assistance, compared with those without this kind
of rehabilitation plan. In contrast, patients with plan-
ned inpatient rehabilitation were less likely to be alive
or independent at follow-up. Our results suggest that
different rehabilitation pathways have different effects
on recovery. Notably, the patients referred to these
different forms of rehabilitation also possess diverse
characteristics, which must be considered when eva-
luating the effectiveness of each rehabilitation pathway,
as patient characteristics also influence the observed

outcomes.
o J

these forms of rehabilitation are funded with public
taxes. Specialized inpatient rehabilitation is provided
by some hospitals in Sweden, and is primarily available
to patients with severe strokes and complex needs. Pa-
tients referred for inpatient rehabilitation are typically
transferred to these rehabilitation units within a month
after stroke onset (2); however, the settings, rehabili-
tation programmes, and facilities can differ between
hospitals. Outpatient rehabilitation can be organized at
primary care or rehabilitation clinics, and it is a suitable
option for patients who are medically stable and have
less complex needs. Patients with mild-to-moderate
stroke can be offered early supported discharge ser-
vices (3), which are organized by a multidisciplinary
team at the stroke unit and serve as a continuation of
stroke unit rehabilitation after discharge. For patients
who are not eligible for early supported discharge, but
are discharged home, local municipalities can offer
home-based rehabilitation (4).

Diabetes mellitus, atrial fibrillation, stroke recur-
rence, and severe stroke are factors associated with
reduced long-term survival after stroke (5, 6), while
independent activities of daily living before stroke and
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younger age are associated with lower risk of death or
dependence at 5 years after stroke (7). Over the past
15 years, a temporal change towards reduced stroke
case fatality has been observed, and increased propor-
tions of patients have been discharged to home and to
rehabilitation (8). This suggests that improvements
in stroke care and rehabilitation have yielded better
functional outcomes. Notably, limited information is
available regarding how different rehabilitation path-
ways may influence long-term functional outcomes.
It can be assumed that patient characteristics such
as comorbidities, age, and stroke type and severity
interfere with the results from rehabilitation. Howe-
ver, the importance of these factors when planning
rehabilitation is unknown. Bridging these knowledge
gaps in the existing literature could potentially lead to
more specific and individualized strategies for plan-
ning rehabilitation after stroke, with consideration of
relevant patient characteristics.

In the present study, our primary aim was to investi-
gate whether referral for different types of rehabilita-
tion on discharge from Swedish stroke units could
predict functional outcomes at 1 and 5 years after a
stroke. The secondary aim was to investigate changes
in functional outcomes between these time-points.

METHODS

Data availability

The data supporting the findings of this study cannot be made
publicly available or shared due to Swedish regulations.
Qualified researchers in relevant fields may request access
to the dataset from the registry holder, Riksstroke, by email:
riksstroke@regionvasterbotten.se.

Study sample and procedure

This registry-based longitudinal study included 5,118
participants. The findings are reported in accordance with
the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines for cohort studies (9). Data
were extracted from the Swedish national register Riksstroke,
which includes 90% national coverage of stroke occasions and
contributions from all 72 acute care hospitals in Sweden. We used
the Riksstroke acute module and 1- and 5-year follow-up data
(10). All baseline data were obtained from Riksstroke’s acute
module, recorded by nurses at stroke units. Data regarding patient
health status and functional levels before stroke, and data related
to acute hospitalization were transferred from each hospital to
Riksstroke, as organized by registered nurses and statisticians
at Riksstroke. Riksstroke conducted a follow-up survey of all
registered participants after 1 year following stroke. After 5 years,
Riksstroke randomly selected 50% of the participants who were
registered in the acute module with index strokes in 2011, to be
invited to participate in a survey. The surveys were completed
by either the participants, their next of kin, or healthcare pro-
fessionals. At both 1 and 5 years, the follow-up surveys were
distributed by mail, with 2 reminders sent for each follow-up.
If a participant received treatment at a stroke unit more than
once in 2011, data from the first period were used. If a second
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treatment period occurred <4 days after discharge, the two
periods were considered a single period (Fig. 1). Individuals
were included in the present study if they were diagnosed with
stroke in 2011 according to the International Classification of
Diseases, aged > 18 years, independent in basic activities of daily
living before stroke, and selected for the 5-year follow-up survey
(Fig. 1). Individuals were excluded if they died during the hos-
pital stay, were missing data concerning planned rehabilitation
after discharge from acute stroke care, had an unclear chain of
transfer, or were missing data regarding the outcome variable.

Definitions and measurements

Outcome variables were derived from Riksstroke’s 1- and 5-year
follow-up surveys. Functional outcomes at 1 and 5 years post-
stroke were categorized into 3 groups: deceased (those who
passed away within 1 year post-stroke, or between 1 and 5
years after the stroke), dependent (requiring help with mobility,
toilet use, or dressing), and independent (not requiring help with
mobility, toilet use, or dressing) (11).

The independent variable of main interest was planned
rehabilitation, defined as the rehabilitation planned at discharge
from the stroke unit. Participants could be planned for rehabilita-
tion in a home setting (managed by a stroke unit or provided by
a municipality), inpatient rehabilitation (stroke-specific reha-
bilitation at a hospital), or outpatient rehabilitation (at primary
care or outpatient clinics). Participants not planned to receive
any of these types of rehabilitation were classified as no plan-
ned rehabilitation.

Stroke type was defined as an ischaemic stroke or haemorr-
hage. Stroke severity was determined based on the level of

Registred in Riksstroke in 2011

(n = 24,658)
— >
Age < 18 years (n = 3)
n=24,655
l ~_yi Death during acute care (n = 3,162)
n=21,204

[ Missing data for planned rehabilitation and
- e A L :

¢ discharge destination, or missing functional

level before stroke (n = 2,304)

n=19,189
‘ Additional periods at stroke unit for
e —» participants already included in the study,
v (n=522)
n=18,667
Uncertain chain of transferral (n = 355)
A — > Dependency in basic ADL before stroke,
(n=2,574)
Recieved 1 year follow up survey
(n=15,738)
l S —pi Did notanswer the 1 year follow up survey

or uncomplete data regarding functional

Eligible for 5 years follow up survey outcome, (n = 3 992)

(n=11,746)

Were not selected for 5 years follow up,
S — > onlyincluded in sensitivity analyses,
(n=5428)

Met the inclusion criteria and were
randomly selected by Riksstroke for

5 years follow up (n = 6,318) Did not answer the 5 years follow up survey

l S —»i or uncomplete data regarding funcrional
outcome, (n =1 200)

Included participants
(n=5,118)

Fig. 1. Inclusion of study participants. ADL: activities of daily living.
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consciousness at hospital admission, categorized as follows:
alert on hospital arrival or affected consciousness (drowsy or
unconscious). Reperfusion treatment was defined as having
undergone thrombolysis, thrombectomy, or both. Atrial fibril-
lation and diabetes were recorded if diagnoses were confirmed
during acute hospitalization or from a previous investigation.

Statistical analyses

Participants’ descriptive statistics are presented for the total
sample, as well as stratified according to inpatient, outpatient,
or home-based rehabilitation, or no planned rehabilitation.
Functional outcomes after 1 and 5 years were recorded for each
planned rehabilitation group. Between-group differences for
the planned rehabilitation types, as well as for included versus
excluded participants, were calculated using the > test for ca-
tegorical variables, or the Mann—Whitney U test for continuous
variables. For each group, we calculated the proportional change
in the number of participants reporting independence after 1 and
5 years. We used a discrete-time Markov chain model to analyse
the probabilities of transitions between conditions from 1 year to
5 years, with conditions defined as independent, dependent, or
dead. Probabilities were calculated for each possible transition
from one state to another, from year 1 to year 5 (4-year interval).

Ordinal logistic regression was used to identify factors
predicting functional outcomes at 1 and 5 years after stroke.
The outcomes were ordinal variables with 3 response levels:
independent, dependent, or dead. Eligible covariates were
selected based on clinical knowledge and previous research
(12-15), and their potential interactions were examined by plot-
ting a directed acyclic graph (16). The covariates were checked
for multicollinearity, and a high correlation was defined as an
absolute value of >0.7. The primary independent variables
were home-setting rehabilitation, outpatient rehabilitation, and
inpatient rehabilitation, with a reference category of no reha-
bilitation. The covariates were age (continuous variable), sex
(female or male [reference category]), stroke type (ischaemic or
haemorrhagic [reference category]), consciousness at hospital
arrival (alert or drowsy/unconscious [reference category]),
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previous stroke (yes or no [reference category]), atrial fibrilla-
tion (yes or no [reference category]), and diabetes (yes or no
[reference category]).

Individual models were fitted to predict functional outcomes
after 1 and 5 years. The ordinal regression analyses included data
from 5,025 participants. This data set was randomly divided into
a training dataset (80%, n=4,021) used to fit the models, and a
test (20%, n=1,004) dataset used to evaluate the models’ pre-
dictive performance. Classification tables were created for the
training and test datasets. We fitted partial proportional ordinal
regression models, using a statistical technique for modelling
ordinal response variables that enables the proportional odds
assumption to be relaxed for some predictor variables. This
method allows for more flexibility compared with traditional
ordinal regression models, by permitting certain covariates to
have varying effects across different thresholds of the ordinal
outcome, i.e. where all levels of the ordinal dependent variable
do not necessarily have a consistent predictive value for the
outcome. R? was determined to evaluate the proportion of va-
riation in the dependent variable that could be explained by the
independent variables. The Hosmer—Lemeshow test was used to
evaluate the goodness of fit, with a non-significant p-value indi-
cating a good fit (17). The C-index was used to evaluate model
performance, with a C-index of 0.5 indicating no discriminatory
ability, and a C-index of 1.0 indicating perfect discriminatory
ability (18). SAS 9.4 (SAS Institute, Cary, NC, USA) was used
for ordinal logistic regressions. The level of significance was
set at 0 =>5%. Transition probabilities were calculated using the
package Markov chain (19) in R statistics 4.2.1 (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

We observed significant differences in characteristics
between the included participants (n=5,118) and ex-
cluded individuals (#=19,450). Compared with the
excluded individuals, the included participants had

Table I. Characteristics of study participants: total sample, and stratified based on planned rehabilitation after discharge from stroke unit

Planned rehabilitation after discharge from stroke unit?®

All participants

No planned rehabilitation Home setting

Inpatient rehabilitation ~ Outpatient rehabilitation

(n=5,118) (n=2,664) (n=825) (n=598) (n=1,031)
Age, years, mean (SD) 75.2 (11.4) 76.3 (11.3) 75 (10.9) 76.0 (11.8) 71.8 (11.1)
Median (IQR) 76 (16) 78 (16) 77 (15) 78 (17) 72 (15)
Sex, n (%)
Men 2,846 (55.6) 1,432 (53.7) 451 (54.7) 319 (53.3) 644 (62.5)
Women 2,272 (44.4) 1,232 (46.3) 374 (45.3) 279 (46.7) 387 (37.5)
Stroke type, n (%)
Haemorrhage 468 (9.1) 213 (8.0) 65 (7.9) 80 (13.4) 110 (10.7)
Ischaemic stroke 4,650 (90.9) 2,451 (92) 760 (92.1) 518 (86.6) 921 (89.3)
Level of consciousness, n (%)b
Alert on arrival at hospital 4,614 (90.1) 2,393 (89.8) 774 (93.4) 502 (83.95) 945 (91.7)
Drowsy on arrival at hospital 379 (7.4) 198 (7.4) 36 (4.4) 76 (12.7) 69 (6.7)
Unconscious on arrival at hospital 72 (1.4) 45 (1.7) 9 (1.1) 10 (1.7) 8 (0.8)
Reperfusion treatment, n (%) 356 (7.0) 160 (6.0) 68 (8.2) 44 (7.4) 84 (8.2)
Previous stroke, n (%)°¢ 901 (17.7) 499 (18.8) 128 (15.6) 100 (16.9) 174 (16.9)
Atrial fibrillation, n (%)° 1,399 (27.5) 758 (28.6) 217 (26.5) 184 (30.1) 240 (23.4)
Medical treatment for hyper- 3,137 (61.6) 1,655 (62.4) 499 (60.6) 369 (62.1) 614 (59.8)
tension, n (%)®
Diabetes, n (%)" 957 (18.8) 488 (18.37) 147 (17.9) 121 (20.3) 201 (19.5)
Smoking, n (%)° 599 (12.4) 288 (11.6) 95 (12.1) 74 (13.4) 142 (14.3)
Length of stay at stroke unit”
Mean (SD), days 12.2 (15.1) 11.6 (14.9) 11.9 (13.5) 9.8 (12.5) 15.2 (17.4)
Median (IQR), days 7 (11) 6 (12) 7 (11) 6 (8) 10 (15)

@Planned rehabilitation was defined as the rehabilitation planned for the patient upon discharge from the stroke unit. Missing data n (%): b53 (1), ©24 (0.5), d28
(0.5), €23 (0.5), f14 (0.3), 9299 (5.8), h196 (3.8). IQR: interquartile range; SD: standard deviation.
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I Rehabilitation in home setting
n =825

I Inpatient rehabilitation
n =598

I Outpatient rehabilitation
n=1,031

Independent 1 year
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Independent 5 years

n=2,168

n=3,123

Dependent 5 years

Dependent 1 year n=>516
n =998
No planned rehabilitation Dead 5 years
n=2,664 =
Dead 1 year n=2434
n=1,097

Fig. 2. Sankey diagram showing functional outcomes after 1 and 5 years, for participants with different types of planned rehabilitation after

discharge from a stroke unit (n=5,118).

a lower median age, higher proportion of men, and
higher proportion of participants who were conscious
upon hospital arrival (»p<0.0001). The study sample
comprised 5,118 participants (Table I). The median
age at stroke onset was 76 years (interquartile range,
16 years), 56% were men, and 90.1% were alert upon
hospital admission (Table I). Compared with the
other participant groups, the outpatient rehabilitation
group had a higher proportion of men, and younger
participants (median age, 72 years) (p<0.0001) (Ta-
ble I). Planning for inpatient rehabilitation was more
common among participants with haemorrhage than
those with ischaemic stroke (Table I). Participants who
were planned for inpatient rehabilitation had a shorter
median stay at the stroke unit (6 days), compared with
those in other groups (p<0.0001). Being alert upon
hospital arrival was less common among participants
planned for inpatient rehabilitation compared with
those in the other groups (p<0.0001). Participants
without planned rehabilitation were older (median
age, 78 years) than those with planned rehabilitation
(»<0.0001). The group without planned rehabilitation
included greater proportions of women (p=0.005) and
participants with history of previous stroke (p=0.02)
(Table I). At the 1-year follow-up, 3,123 participants
were independent, with or without planned rehabilita-
tion. However, by the 5-year follow-up, this number
decreased by 31%, resulting in 2,168 participants
maintaining their independence. This decrease in in-
dependent participants between 1 and 5 years was 42%
among those planned for inpatient rehabilitation, and
27% among those planned for outpatient rehabilitation
(Fig. 2, Table II).

The Markov model, developed from the probabilities
of transitions between participants’ condition between
the two follow-ups (Fig. 3), included one end state:
death. Among participants who were independent at the
1-year follow-up, the probability of staying indepen-
dent after 5 years was 68%. There was a 10% proba-
bility of transition from independence to dependence,
and a 22% probability of transition from independence
to death. Among participants who were dependent at
the 1-year follow-up, there was a 20% probability of
still being dependent after 5 years, a 6% probability
of transition to independence, and a 74% probability
of transition to death (Fig. 3).

Planned home-based rehabilitation was associated with
higher odds of independence (OR: 1.27,95% CI: 1.03—
1.57) and dependence (OR: 1.68, 95% CI: 1.30-2.18)
compared with death at 1 year after stroke (Fig. 4).
Participants with planned inpatient rehabilitation had

Table II. Functional outcome stratified according to planned
rehabilitation after discharge from stroke unit (n=5,118)

Outcome Independent Dependent Dead

1-year outcome

No planned rehabilitation from 1,550 (58.2) 479 (18.0) 635 (23.4)

stroke unit

Rehabilitation in a home 545 (66.1) 160 (19.4) 120 (14.6)

setting, including ESD

Inpatient rehabilitation 286 (47.8) 183 (30.6) 129 (21.6)

Outpatient rehabilitation 742 (72.0) 166 (16.1) 123 (11.9)
5-year outcome

No planned rehabilitation from 1,085 (40.7) 214 (8.0) 1,365 (51.2)

stroke unit

Rehabilitation in a home 375 (45.5) 98 (11.9) 352 (42.7)

setting, including ESD

Inpatient rehabilitation 165 (27.6) 86 (14.4) 347 (58)

Outpatient rehabilitation 543 (52.7) 118 (11.5) 370 (35.9)

ESD: early supported discharge.
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0.68 010 0.22
p=|0.06 020 074
0 0 1.00

Independent

Dread
100

Fig. 3. A discrete time Markov chain presenting the probabilities of
transition between states from 1 year after stroke to 5 years after stroke.

lower odds of independence compared with death at
the 1-year follow-up (OR: 0.64, 95% CI: 0.51-0.80).
Planned outpatient rehabilitation was associated
with higher odds of independence (OR: 1.25, 95%
CI: 1.02-1.52) and dependence (OR: 1.66, 95% CI:
1.29-2.13) compared with death at 1 year post-stroke
(Fig. 4). The model was developed using the training
dataset (n=4,018, R%: 0.26, C-index: 0.77, Hosmer—
Lemeshow goodness-of-fit test: p=0.17). Data from
the remaining participants were used to evaluate the

OR 95% CI p-value
Proportional odds +++++++++erseesererse i
Diabetes—] # 065 055-077 <0001
Atrial fibrillation-] 0.67 0.58-0.78 <0.0001
Previous stroke-| # 062 0.53-0.74 <0.0001
Ischemic stroke=| i e+ 156 123-197  0.0002
NON Proportional odds:«««++«++++sxssseesfrersshurenisniiiiiiiniii
Conscious at arrival to hospital - ——i 368 287-471 <0001

Conscious at arrival to hospital - —e— 519 391-6.89 <0001

Female sex 2l 114 0.96-1.35 0.1434

Female sex-| ® 0.82 0.71-095 0.0077

Age ¢ 0.93 0.92-0.93 <.0001

Ageq ¢ 091 090-092 <0001

Outpatient rehabilitation - ol 1.66 129-213 0.0344
Outpatient rehabilitation =} gl 125 1.02-152 0.0039
Inpatient rehabilitationq ke 120 093-156 02347

Inpatient rehabilitation-|

064 051-080 <0001
P . ot
Rehabilitation in home setting 163 30213 00282
Rehabilitation in home setting- 1
127 103-157  0.0027
T T T 1
0 2 4 6 8

4 Independent compared to dead
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predictive performance of the test dataset (n=1,004;
R?:0.27). Classification tables for the training and test
datasets are available in Tables SI and SII.

Planned rehabilitation in a home setting was asso-
ciated with higher odds of independence (OR: 1.16;
95% CI: 0.94—1.43) and dependence (OR: 1.37; 95%
CI: 1.12-1.69) compared with death at the 5-year
follow-up (Fig. 4). Participants planned for inpatient
rehabilitation had lower odds of independence (OR:
0.42; 95% CI: 0.32—0.55) and dependence (OR: 0.74;
95% CI: 0.58-0.94) compared with death at 5 years
after stroke. Participants planned for outpatient re-
habilitation had higher odds of independence (OR:
1.11; 95% CI: 0.91-1.34) and dependence (OR: 1.35;
95% CI: 1.11-1.65) compared with death at the 5-year
follow-up (Fig. 4). The model was developed using the
training dataset (n=4,018; R2: 0.34, C-index: 0.81,
Hosmer—Lemeshow goodness-of-fit test: p=0.002).
Data from the remaining participants were used to
evaluate the predictive performance of the test dataset
(n=1,004; R2: 0.36). Classification tables for training
and test datasets are available in Tables SIII and SIV.

DISCUSSION

Our present analysis of a national clinical stroke cohort
revealed that participants who were planned for home-

OR 95% Cl p-value
Proportional odds ++++++++++++-reerirreninii
Diabetes-| 0.57 0.47-0.68 <.0001
Atrial fibrillation 0.58 049-068 | <0001
Previous stroke-| ® 0.48 0.40-0.58 <.0001
[schemic stroke ot 159 123-205  0.0004
Conscious at arrival to hospital - —e— 363 2.71-487 <.0001
Age] - 0.89 0.88-0.90 <.0001
Non proportional odds:+++++++++-|+++++dereerrermariiiiciininas
Female sex i+ 122 105-143 00093
Female sex- 0.94 0.80-1.09 0.3970
Outpatient rehabilitation = agl 1.35 1.11-1.65 0.0030
Outpatient rehabilitation gl 111 0.91-1.34 0.0006
Inpatient rehabilitation=] 0.74 0.58 - 0.94 <0001
Inpatient rehabilitation=] 0.42 0.32-0.55 <.0001
Rehabilitation in home setting - gl 1.37 1.12-1.69 0.0026
Rehabilitation in home setting - - 1.16 0.94-1.43 0.0002
T T 1
0 2 4 6

¢ Dependent compared to dead

Fig. 4. (A) Results of the partial proportional ordinal regression model used to identify factors explaining outcome at 1 year following stroke.
(B) Results of the partial proportional ordinal regression model used to predict functional outcome at 5 years after stroke. OR: odds ratio, CI:

confidence interval.
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based rehabilitation and outpatient rehabilitation had
higher odds of being independent at the 1-year and
S-year follow-ups, compared with participants planned
for inpatient rehabilitation. Participants with planned
rehabilitation in a home setting had the highest odds
of being independent or dependent, compared with
dead, with adjustments for age, sex, comorbidities,
stroke type, and stroke severity. These participants
were eligible for discharge to their home, and previous
trials have confirmed beneficial functional outcomes
for people with stroke who receive rehabilitation in a
home setting (3). Participants who were planned for
outpatient rehabilitation had high odds of indepen-
dence, compared with dependence and death, at 1 year
and 5 years after stroke. Participants in this group were
considered likely to be able to commute to the rehabili-
tation centre, which implies a certain level of function.
Our findings suggested substantially better outcomes
for participants planned for outpatient rehabilitation
and home-based rehabilitation, suggesting that these
targeted rehabilitation pathways may contribute to
patient independence.

Participants who were planned for inpatient rehabili-
tation had lower odds of independence after 1 year and
5 years. Notably, these participants had more severe
stroke and more comorbidities, and were more often
diagnosed with haemorrhagic stroke. Compared with
those with ischaemic stroke, people with haemorrha-
gic stroke reportedly have a lower functional status
after 1 year (20). Another previous study classified
individuals with first-time ischaemic stroke diagnoses,
according to stroke severity, functional dependence,
and comorbidities, and reported that the group with
the most severely affected participants exhibited a
late gain-of-function after over 1 year (21). This is
relevant when interpreting the results from our study.
In current clinical practice, rehabilitation is focused on
the first year after stroke, in accordance with national
guidelines (22) and current evidence (23). This seems
to be suitable for participants who can participate in
home-based or outpatient rehabilitation. Our present
results demonstrated that among participants who were
independent at 1 year — regardless of whether they had
planned rehabilitation — there was a high probability of
remaining independent at 5 years. Furthermore, parti-
cipants who were dependent at 1 year were less likely
to become independent after 5 years. This is in line
with previous findings that most clinical improvement
occurs during the first year after stroke (23). On the
other hand, we suspect that 1 year of rehabilitation is
insufficient for patients with severe stroke and other
complicating factors. The implementation of a second
evaluation, followed by an individualized rehabilita-
tion period, might potentiate improved function for
patients with low initial functional capacity. Evidence
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indicates that multimodal rehabilitation performed later
than 1 year after stroke can improve functioning (24),
and it may be helpful to assign rehabilitation differently
for patients with mild and moderate stroke, so-called
slow-stream rehabilitation (25), which is presently
lacking in Sweden.

Regarding the participants without planned reha-
bilitation, clinical polarization could be suspected.
This group comprised individuals who were either
discharged with minimal impairments, or deemed un-
likely to benefit from standard inpatient rehabilitation
due to factors such as advanced age, comorbidities, or
cognitive impairment. We found that participants in
this group were largely either independent or deceased
after 5 years, with fewer being dependent. The present
findings emphasize the importance of monitoring not
only medical aspects but also long-term rehabilitation
needs, and providing rehabilitation adapted for people
with severe stroke (25). To address this gap, guidelines
recommend that patients who initially appear unfit for
rehabilitation upon discharge from a stroke unit care
should be reassessed at regular intervals. This recom-
mendation is a promising step towards enhancing these
patients’ prospects for functional recovery, inviting
speculation as to its potential impact on the prognosis
of stroke patients who are initially unable to participate
in standard inpatient rehabilitation (26, 27).

In the present study, rehabilitation was categorized
into 3 pathways, each of which incorporates a broad
variation of rehabilitation forms. In primary care, re-
habilitation is often more generalized, focusing on a
broad range of needs. On the other hand, specialized
clinics can offer more intensive targeted rehabilita-
tion, with state-of-the-art therapies that are tailored to
specific disabilities or conditions. This contrast is even
more pronounced when comparing basic home-based
rehabilitation to early supported discharge programmes
(3). Home-based rehabilitation typically involves less
frequent therapist visits and a reliance on self-managed
exercises, whereas early supported discharge program-
mes are more comprehensive and involve a multidisci-
plinary team approach to support a smoother transition
from hospital to home (2, 3). Hence, when lumping
these diverse approaches under the broad categories
of outpatient rehabilitation and home-based rehabili-
tation, there is a risk of overlooking the nuances and
specific benefits of each approach. This oversimplifica-
tion may lead to misconceptions concerning efficacy,
and could influence the results and interpretations of
studies comparing different rehabilitation modalities.

Strength and limitations

The main strengths of this study are its longitudinal
design, long-term follow-up, and national coverage
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with participation from all socioeconomic groups. The
large national coverage implies that our results can be
generalized to other samples with a similar distribu-
tion and organization of rehabilitation. The ordinal
logistic regression models were developed using a
training set and then evaluated using separate data,
which enabled prediction of a dependent variable. The
survey questions used to assess functional outcomes
were previously transformed into the modified Rankin
Scale with high precision (28, 29). This supports the
adequate validity of our outcome categories.

This study had a few limitations. Our aim was to
investigate the relationship between functional out-
comes and planned rehabilitation after discharge from
stroke units. However, it remains unknown whether
the planned rehabilitation was realized or re-evaluated
during the rehabilitation period. Additionally, stroke
severity was assessed using the proxy of consciousness
on admission, which was assessed using the RLS-85
(6). The level of consciousness is considered a reliable
predictor of post-stroke survival (5, 6). Another limita-
tion is the absence of data regarding functional status
on discharge, which necessitates cautious interpreta-
tion of the transition probabilities. Compared with
the excluded individuals, the participants included in
our sensitivity analyses had a lower median age and a
higher proportion of being alert on hospital admission.
This was expected, as independence before stroke was
an inclusion criterion.

Conclusion

Achieving independence at 1 and 5 years after a stroke
was more likely with planned rehabilitation in a home
setting or outpatient care. Conversely, those designa-
ted for inpatient rehabilitation had reduced chances
of achieving independence, a finding that aligns with
expectations. Adherence to current stroke rehabilitation
guidelines appears to effectively support recovery for
those undergoing home-based or outpatient rehabilita-
tion. Patients assigned to inpatient rehabilitation, who
are often facing more complex health challenges, may
benefit from a prolonged rehabilitation process that
includes regular reassessments or a gradual sustained
approach to care.
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