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Abstract
Background: Patients who sustain a spinal cord injury superimposed on a prior or concurrent stroke form a small but
functionally complex population in which recovery of independent activity depends on the combined burden of two distinct

central nervous system lesions rather than either alone [9,6].

Objective: This review synthesizes the published evidence on demographic, clinical, functional, and psychosocial predictors of
return-to-activity rate in stroke survivors who also live with spinal cord injury, drawing on the separate but overlapping stroke

and spinal cord injury outcomes literatures.

Methods: We synthesized cohort studies, registry analyses, and systematic reviews addressing return to work, community
reintegration, and activities-of-daily-living recovery after stroke and after traumatic or non-traumatic spinal cord injury, focusing

on predictors transferable to the combined-diagnosis population.

Findings: Younger age, milder initial neurological impairment, preserved cognition, and higher admission functional scores
consistently predict faster and more complete return to activity in both conditions, while depression, lower pre-injury education,

and delayed or fragmented rehabilitation access predict slower recovery [6,14,22].

Conclusions: Return-to-activity rate in this combined population is best predicted by a small set of overlapping clinical and
psychosocial variables that rehabilitation teams can measure early and act on, supporting individualized, multidisciplinary

planning rather than a single-diagnosis rehabilitation pathway.

Keywords: stroke; spinal cord injury; return to activity; rehabilitation outcomes; functional recovery

g



https://orcid.org/8336-7621-6847-8579
https://orcid.org/8336-7621-6847-8579
https://orcid.org/4461-3523-2110-954X
https://orcid.org/4461-3523-2110-954X
https://orcid.org/5722-9357-1605-9177
https://orcid.org/5722-9357-1605-9177
mailto:solveig.berg@guadalquivir.edu
https://doi.org/10.5281/zenodo.22815032
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Citation: Berg S, Olsen L, Nilsson A (2020) Predictors of return-to-activity rate in stroke survivors with spinal cord

injury. J Phys Med Rehabil Res, 2(1): 01-07.

1. Introduction

Stroke and traumatic or non-traumatic spinal cord injury
(SCI) are each, on their own, leading causes of long-term
disability, and their combined occurrence in a single
patient, whether from a cervical fall sustained during
post-stroke hemiparetic gait instability, a vascular
myelopathy arising alongside cerebrovascular disease, or
simple co-morbid aging in a population with shared
vascular risk factors, produces a rehabilitation problem
that neither the stroke nor the SCI outcomes literature
addresses in isolation [1,2]. Stroke alone affects more than
12 million people worldwide each year and leaves a
substantial minority with persistent motor, cognitive, or
communication deficits that limit return to work and
community activity [3]. Traumatic SCI is far less common
in absolute terms but carries a comparably severe
functional burden, and its incidence rises sharply with
age, the same demographic in which stroke risk also
concentrates, so clinicians increasingly encounter
patients navigating both diagnoses at once [4,5]. Because
return to paid work, household activity, and community
participation are the outcomes patients and families care
most about, and because these outcomes are measured
very differently across the stroke and SCI literatures, a
synthesis of what predicts them is of direct practical value
teams this

to rehabilitation managing

combined-diagnosis population.

The stroke literature has, since the 1990s, converged on a
consistent set of predictors of return to activity, most
prominently age, initial stroke severity, and functional
status at rehabilitation admission [6,7]. The SCI literature,
working from a differently structured evidence base built
around the American Spinal Injury Association (ASIA)
impairment scale and neurological level of injury, has
converged on an overlapping but not identical set of
predictors, in which injury completeness and neurological
level dominate motor while

recovery trajectories

psychosocial  variables  dominate  return-to-work

trajectories [8,9]. This review draws together both bodies
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of evidence to identify which predictors of
return-to-activity rate are common across the two
conditions, which are specific to one or the other, and
how they might be combined in a patient carrying both

diagnoses.

2. Epidemiology and the scale of the problem

Population-based stroke registries consistently show that
roughly half of survivors regain substantial functional
independence within six months, while a meaningful
minority remain severely dependent, and among those
published
return-to-work rates range widely, from under 30% to over

who were working before stroke onset,

60%, depending on cohort selection, country, and how
return to work is defined [10,11]. Vestling and colleagues,
following a Swedish cohort of stroke survivors of working
age, found that only about half returned to any form of
paid employment, and that those who did return reported
markedly higher life satisfaction than those who did not,
establishing return to activity as an outcome with welfare
significance well beyond the label of a secondary endpoint
[12]. Hackett

Psychosocial Outcomes In StrokE cohort, similarly found

and colleagues, in the prospective
that a substantial proportion of previously employed
survivors had not returned to paid work by twelve months,
with psychological factors contributing independently of

physical impairment [13].

The SCI literature describes a comparably wide range.
National registry data from the United States indicate that
employment rates after traumatic SCI remain well below
pre-injury levels even a decade after injury, with sizeable
[5,14].

Ottomanelli and Lind, reviewing factors associated with

variation by injury level and completeness

employment after SCI, concluded that the gap between
pre-injury and post-injury employment reflects a
combination of physical limitation, environmental and
workplace barriers, and disincentives built into disability
benefit systems, a combination that likely applies with

equal or greater force to patients managing both a stroke
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and an SCI [15]. When the two diagnoses coexist, the
cumulative physical burden narrows the plausible range
of achievable activity, but the psychosocial and systemic
barriers each literature independently identifies appear to
operate on top of, rather than instead of, that physical
ceiling.
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Figure 1: Reported return-to-work rates at approximately twelve
months by cohort, illustrating the wide range across stroke and spinal

cord injury registries and the further narrowing expected when both
diagnoses coexist [12,13,5].

3. Demographic and clinical predictors
Age is the most consistently reported predictor of
return-to-activity rate in both the stroke and the SCI
literature, with younger patients recovering more
completely and more quickly regardless of the specific
[6,9]. Kwakkel

synthesizing predictive modeling studies of stroke

outcome measured and Kollen,
recovery, found that age combined with initial severity
accounts for most of the variance that clinically useful
prediction models can explain, and that models built
without an early severity measure perform little better
than chance [6]. Anderson and colleagues, in an earlier
multivariate analysis of stroke outcome, identified age,
initial stroke severity, and pre-stroke functional status as
the dominant independent predictors of six-month
that

prediction-model research have largely reaffirmed rather

outcome, a finding subsequent decades of

than overturned [7].

In the SCI literature, neurological level and completeness
of injury, captured by the ASIA Impairment Scale, are the

dominant clinical predictors of motor recovery and, to a

3

somewhat lesser extent, of return to activity [8,16]. Krause
and Terza, analyzing a large SCI cohort, found that injury
and demographic factors together predicted disability and
life satisfaction, with completeness of injury, age at injury,
and time since injury each contributing independently [9].
Van Middendorp and colleagues developed and validated
a prediction model for ambulation after SCI using
variables available within days of injury, including age,
motor and sensory scores, and pinprick sensation at the
sacral segments, and showed that this early information
predicted eventual walking ability with clinically useful
accuracy [17]. For a patient with both diagnoses, these two
sets of clinical predictors, stroke severity and pre-stroke
function on one side, injury level and completeness on the
other, are not substitutable, and a return-to-activity
prediction that accounts for only one lesion will

systematically overestimate the achievable outcome.
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Figure 2: Six-month independent functional outcome by age band and
admission severity category, pooled from stroke and spinal cord

injury prediction-model cohorts, showing the consistent decline in
independent outcome with older age and greater initial severity
[6,7,9].

4. Functional and cognitive predictors

Admission functional status, most often measured with
the Functional Independence Measure (FIM) or the
Barthel Index, is among the strongest available predictors
of eventual return to activity in both conditions, in part
because it already integrates the downstream effects of
severity, comorbidity, and early complications that a
(6,18].
Dijkers, in a meta-analysis of disablement components

purely lesion-based measure cannot capture

after SCI, found that functional independence and role
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participation were only moderately correlated with
impairment severity alone, underscoring that functional

measures carry predictive information beyond what

neurological classification provides [19].

Table 1: Predictors of return-to-activity rate common to the stroke

and spinal cord injury outcomes literatures [6,9,18,19].

Predictor Stroke evidence Spinal cord injury | Direction
domain evidence of effect
Age at Older age predicts | Older age predicts | Younger
injury/onset slower, less slower, less favors
complete recovery | complete recovery |return
Initial severity | Higher NIHSS Motor-complete Milder
predicts poorer injury predicts favors
outcome poorer outcome return
Admission Higher Higher FIM Higher
functional FIM/Barthel predicts faster favors
status predicts faster return return
return
Cognition Impairment Less directly Preserved
predicts poorer studied favors
functional return
trajectory

Cognitive impairment is a predictor specific to, but not
exclusive to, stroke, and it interacts substantially with
SCI-related functional limitation when the two coexist.
Kapoor and colleagues found that post-stroke cognitive
impairment, screened systematically rather than
incidentally, predicted poorer functional trajectories
independent of motor severity [20]. Because cognitive
demands of activities such as medication management,
transfers, and wheelchair navigation rise sharply for a
patient also managing SCI-related mobility limitation,
cognitive screening at rehabilitation admission is arguably
more consequential, not less, in the combined-diagnosis
population than in either condition alone. Meyer and
colleagues additionally identified fatigue as an
under-recognized predictor of poor functional outcome
after stroke, one that is easy to overlook when severity and
but that

independently limits sustained activity over a full day [21].

cognition dominate clinical attention

5. Psychosocial and socioeconomic predictors
Depression is the most consistently reported psychosocial

predictor of poor return-to-activity outcome in both the

[

©

stroke and the SCI literatures, and its effect size is
comparable to, and at least partly independent of,
physical severity measures in both bodies of evidence
[13,22]. and Middleton,
psychological morbidity after SCI, found elevated rates of

Craig, Tran, reviewing
depression and anxiety across the post-injury course, with
depression specifically predicting poorer participation
and employment outcomes even after adjusting for injury
level [22]. Post and van Leeuwen, reviewing psychosocial

issues after SCI more broadly, reached a similar

conclusion and emphasized that psychosocial
adjustment, rather than injury severity alone,
differentiates patients with comparable physical

impairment but divergent activity outcomes [23].

Table 2: Psychosocial and socioeconomic predictors of

return-to-activity rate after stroke and spinal cord injury
[13,22,23,24,14].

Predictor Effect on return-to-activity Source
rate population
Depression Independently predicts lower Stroke and spinal
return to work/activity cord injury
Pre-injury Higher education predicts Spinal cord
education higher return-to-work rate injury
Physically Predicts lower rate of return to | Stroke and spinal
demanding same role cord injury
pre-injury
occupation
Social/family Higher support predicts better | Spinal cord
support participation outcome injury
Pre-injury socioeconomic status, education, and

occupation type predict return to activity in both
conditions, generally because they determine both the
physical demands of the job or role a patient is trying to
resume and the flexibility an employer or household has
to accommodate reduced capacity [12,14]. Krause and
Saunders, examining risk of hospitalization and broader
outcome after SCI, found that education and employment
characteristics at the time of injury independently
predicted a range of downstream outcomes, including
return to activity, beyond what injury severity alone
predicted [14]. Van Velzen and colleagues, in a systematic

review of return to work after SCI specifically, confirmed
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that younger age, higher education, and less physically
the
consistently reported positive predictors across the

demanding pre-injury occupation were most
reviewed studies, a pattern that closely mirrors the

equivalent stroke literature [24].

6. Rehabilitation process and treatment predictors

Beyond patient-level demographic and clinical
characteristics, features of the rehabilitation process itself
predict return-to-activity rate. Earlier initiation of
rehabilitation, higher intensity of therapy, and access to
coordinated multidisciplinary care are associated with
better functional outcomes after both stroke and SCI,
although the causal direction is complicated by the fact
that patients selected for early, intensive rehabilitation are
often those judged to have better recovery potential in the
first place [25,26]. Saunders and colleagues, reviewing
exercise-based interventions after stroke, found
consistent benefit for cardiorespiratory and mobility
outcomes, supporting exercise as a modifiable
component of the rehabilitation process rather than a

fixed patient characteristic [27].

Franceschini and colleagues, examining predictors of
activities-of-daily-living outcome after SCI specifically,
found that rehabilitation-related variables, including
length of stay and access to specialized SCI rehabilitation
units, added predictive value beyond neurological and
[28]. Middleton and

of morbidity and
showed that secondary

demographic variables alone

colleagues, describing patterns
rehospitalization after SCI,
complications occurring during the rehabilitation and
early community phase, including pressure injuries and
urinary tract infections, independently slowed the
trajectory of activity recovery, which is a particularly
relevant consideration for a patient whose combined
stroke and SCI diagnoses already elevate baseline risk for
both complication types [29]. For the combined-diagnosis
population, this suggests that a rehabilitation pathway

integrating stroke-specific cognitive and communication
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therapy with SCI-specific mobility, skin, and bladder
management, rather than sequential single-diagnosis
care, is likely to influence return-to-activity rate as much
as any fixed patient characteristic.

7. Predictive models and measurement
instruments

Several validated instruments now allow early,
quantitative prediction of activity outcome in each
condition separately. In stroke, models combining age,
National Institutes of Health Stroke Scale score, and early
functional measures predict six-month independence
with reasonable discrimination, and the ICF Core Set for
stroke provides a standardized framework for capturing
the functioning domains most relevant to return to
activity [6,30]. In SCI, the International Standards for
Neurological Classification of Spinal Cord Injury provide
the common language underlying most prediction
models, and models built on early ASIA motor and sensory
scores, including the van Middendorp ambulation model,
achieve good predictive accuracy for mobility-related

activity outcomes [16,17].

No published instrument yet integrates both frameworks
for patients carrying both diagnoses, and the case series
and small cohort literature that does describe combined
stroke-SCI patients relies largely on descriptive outcome
reporting rather than formal prediction modeling [31,32].
Lindsay and colleagues, summarizing global stroke

rehabilitation guideline recommendations, and
Whiteneck and colleagues, describing the Craig Handicap
Assessment and Reporting Technique as a long-term
outcome measure originally developed for SCI but
subsequently applied more broadly, both illustrate that
the underlying measurement approaches, functional
independence, handicap or participation scales, and
neurological severity classification, are conceptually
compatible across the two conditions even though no
validated combined tool yet exists [33,18]. Building and

validating such a combined predictive framework,
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drawing on the overlapping predictors identified in this

review, is a clear priority for future research.

8. Conclusion
Across the separate stroke and spinal cord injury
outcomes literatures, a consistent and largely overlapping
set of predictors determines return-to-activity rate:
younger age, milder initial neurological severity, higher
admission functional status, preserved cognition, absence
of depression, higher pre-injury education, and access to
early, intensive, coordinated rehabilitation [6,9,22,24]. For
patients who carry both a stroke and a spinal cord injury,
these predictors do not simply add together in a
straightforward way; instead, the combined physical
burden narrows the achievable functional ceiling while
the psychosocial and systemic barriers each literature
independently identifies continue to operate on top of
that ceiling, and secondary complications common to
both conditions further slow recovery when rehabilitation
is not integrated across both diagnoses [29,23]. Until
validated combined-diagnosis prediction models exist,
rehabilitation teams managing this population are best
served by explicitly screening for the overlapping
predictors identified here, age, early severity and
functional status from both lesions, cognition, mood, and
pre-injury socioeconomic context, at the point of
rehabilitation admission, and by structuring care around
integrated rather than

sequential single-diagnosis

pathways.
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