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OPTIMIZING PHYSICAL FITNESS IN CHRONIC STROKE PATIENTS: THE IMPACT OF
EXERCISE TRAINING MODALITY AND DOSAGE ON MAXIMAL AND SUB-MAXIMAL
FITNESS - A SYSTEMATIC REVIEW AND META-ANALYSIS
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Objective: To evaluate the effects of different exer-
cise training modalities on maximal and sub-maxi-
mal physical fithess in chronic stroke patients and
determine the optimal training dosage.

Design: Systematic review and meta-analysis of 38
randomized controlled trials.

Methods: A comprehensive search was conducted
across seven databases (MedLine, Embase, Science-
Direct, Cochrane Library, CINAHL, and SPORTSDi-
scus) up to March 31, 2024. Maximal fithess was
measured by VO2 max/peak, and sub-maximal fit-
ness by the 6- or 12-minute walk test (6MWT)
Results: Aerobic and mixed training significantly
improved VO2 max/peak (MD = 3.16 [2.83, 3.49],
p<0.00001; I2 = 22%). Only aerobic training signi-
ficantly enhanced 6MWT performance (MD = 34.30
[25.08, 43.53], p< 0.00001; I2 = 25%). Sensitivity
analysis revealed that VO2 max/peak gains were
greater with moderate-to-high intensity, while
moderate intensity sufficed for 6MWT improve-
ment. The optimal regimen was 45-minute sessions
of moderate-to-high intensity aerobic training, at
least three times weekly for a minimum of eight
weeks.

Conclusion: Moderate-to-vigorous aerobic training
enhances physical fitness in chronic stroke. High-
intensity and mixed training programs yield grea-
ter maximal fitness improvements, while moderate
intensity benefits sub-maximal capacity. Targe-
ted, intensity-monitored exercise programs of =45
minutes, three times weekly over =8 weeks, are
recommended for significant fitness gains.
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troke is a major global health burden, defined by the
World Health Organization (WHO) as a “rapidly

/LAY ABSTRACT )

Stroke recovery presents significant challenges, par-
ticularly in regaining physical fitness. This study exa-
mined the effects of various exercise training modali-
ties on cardiorespiratory fitness and walking ability in
stroke survivors. Data from 38 randomized controlled
trials were analysed to identify the most effective type
and dosage of exercise for post-stroke fitness improve-
ment. The results indicate that a combination of aero-
bic and resistance training (mixed training) was shown
to enhance overall fitness, whereas aerobic training
alone yields significant improvements in walking abi-
lity. Moderate to high-intensity aerobic exercises, such
as brisk walking or cycling, performed for 45-min ses-
sions at least 3 times per week over 8 weeks, led to
significant improvements. These results underscore
the value of structured and intensity-monitored exer-
cise interventions in stroke rehabilitation. The fin-
dings may inform the development of more effective,
evidence-based rehabilitation protocols for enhancing
physical fitness in this population.

- J

developed clinical sign of focal (or global) disturbance
of cerebral function, lasting more than 24 hours or
leading to death, with no apparent cause other than of
vascular origin” (1, 2). With a prevalence exceeding
100 million cases worldwide and an annual incidence
of over 12 million, stroke remains the second leading
cause of death and the primary cause of long-term adult
disability (1). Projections estimate a 27% increase in
stroke incidence, prevalence, and disability-adjusted
life years (DALYs) by 2047 in Europe (3).

The WHO’s International Classification of Functio-
ning, Disability and Health (ICF) recognizes disabi-
lity as a nonlinear interaction between impairments,
activity limitation, and participation restrictions, influ-
enced by a person’s health condition and contextual
factors (4). Post-stroke activity limitations, particularly
in the mobility domain, affect 50-82% of survivors
across various areas, including basic self-care and
instrumental activities of daily living (IADLs), among
others (5, 6). Notably, more than 21% of individuals
experience a decline in mobility within the first year
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post-stroke, primarily due to physical inactivity (7).
Reduced mobility leads to a sedentary lifestyle, resul-
ting in a self-perpetuating cycle of declining physical
fitness and reduced ambulatory activity (8). Physical
inactivity is also associated with a heightened risk
of cardiovascular disease and recurrent stroke (9).
Recent findings have identified fatigue, cardiorespira-
tory deconditioning, and reduced mobility as critical
contributors to diminished physical fitness in stroke
survivors (10, 11). Importantly, post-stroke fatigue,
reported in 35% to 92% of individuals, further exacer-
bates inactivity and functional decline, reinforcing the
downward spiral in physical fitness (11).

Physical fitness, defined as the capacity to perform
daily tasks efficiently with vigour and alertness, wit-
hout excessive fatigue, and with sufficient energy to
engage in leisure activities and handle emergencies
(12), is crucial for independent mobility. Cardiore-
spiratory fitness, as measured by maximal oxygen
uptake (VO, max, VO, peak) is considered the gold
standard for assessing physical fitness and exercise
capacity, reflecting the body’s maximal rate of oxy-
gen consumption during exertion (13). VO, max has
a strong inverse relationship with stroke risk (14).
Stroke survivors, including individuals with only mild
impairments, exhibit a reduced VO, max or peak by
27-87% compared with healthy individuals of the
same sex and age (15, 16). In the chronic phase of
stroke (=6 months), physical fitness remains reduced
by 25% to 45% of the expected value (17). Engage-
ment in regular physical activity is a key strategy
to mitigate post-stroke physical deconditioning and
enhance daily function (18, 19). International gui-
delines recommend that stroke survivors participate
in 20—60 min of moderate-to-high intensity aerobic
exercise (55-80% of maximal heart rate) 3—5 times
per week, along with moderate-to-high intensity resis-
tance training (50—80% of one-repetition maximum)
2-3 times per week (18, 20). Nevertheless, adherence
to these guidelines remains low among stroke survi-
vors, primarily due to barriers such as low motivation,
environmental limitations, health-related concerns,
and residual impairments (21). Additionally, few
clinicians have experience with the assessment of
cardiorespiratory fitness and exercise prescription in
post-stroke populations (22).

Despite advances in understanding the importance of
physical fitness and efficacy of high-intensity exercise
post-stroke, few interventions are specifically designed
to elicit maximal exertion, often opting for submaximal
exercise to ensure patient safety (23, 24). Additionally,
fitness assessments in stroke rehabilitation frequently
rely on mobility tests (e.g., the 6-minute walk test,
6MWT) rather than direct measurements of VO, peak,
which can limit the precision of evaluating fitness-

targeted interventions’ effects (25). Saunders et al.
(2020) in their updated meta-analysis included fitness
outcome as a secondary measure, without specifically
differentiating between maximal and submaximal
fitness improvements (26). Furthermore, this meta-
analysis has pooled stroke patients across all stages,
overlooking potential differences in training respon-
siveness between the subacute and chronic phases.

The present study aims to update the literature by
systematically evaluating the effects of various exer-
cise modalities on maximal and submaximal fitness
in individuals with chronic stroke. It further seeks to
guide clinical assessment practices based on targeted
training outcomes and to identify optimal exercise
dosages for improving maximal physical fitness in
this population.

METHODS
Study design

This systematic review and meta-analysis was con-
ducted under a pre-established protocol registered in
the International Prospective Register of Systematic
Reviews (PROSPERO) under registration num-
ber CRD42024526008. It adheres to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (27) and follows
the methodological recommendations outlined in
the Cochrane Handbook for Systematic Reviews of
Interventions (28).

Search strategy

A systematic search strategy was developed using the
PICO (Population, Intervention, Comparator, Out-
come) framework to formulate a search equation. This
was initially tested and subsequently refined in con-
sultation with a research librarian. A literature search
was conducted in 7 databases, including PubMed
(Medline), Embase, ScienceDirect, CINAHL, SPORT-
Discus, Cochrane Library, and Scopus, from database
inception to 31 March 2024. The search strategy was
customized for each database, using both keywords
and Medical Subject Headings (MeSH) when relevant
to the database indexing system. The complete search
strategy is detailed in Table SI.

Inclusion criteria

We included randomized controlled trials (RCTs)
published in English in peer-reviewed journals,
including adult participants (> 18 years) who had
experienced a stroke and were in the chronic phase (>6
months post-stroke). Eligible interventions involved
any form of exercise or physical activity. The American
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College of Sports Medicine (ACSM) defines physical
activity as any skeletal muscle movement resulting in
energy expenditure, while exercise refers to structured,
repetitive activities performed to improve or maintain
physical fitness (29). ACSM classifies exercise into 4
primary types: aerobic, which improves cardiovas-
cular endurance (e.g., walking, running, swimming);
resistance, which enhances muscular strength and
endurance (e.g., weightlifting, push-ups); flexibility,
which increases joint range of motion (e.g., stretching,
yoga); and neuromotor, which supports balance,
coordination, and agility (e.g., tai chi, balance drills).
Combined training, also known as mixed training,
often incorporates aerobic and resistance components
within a single program (29). Comparators included
rehabilitation approaches not specifically designed to
improve fitness or increase energy expenditure, such
as usual care, placebo, waiting list, or sham training.
RCTs that directly compared 2 types of physical acti-
vity were excluded. The outcomes assessed were the
VOzpeak/VOZmax, indicative of maximal cardiorespira-
tory fitness (30), and the 6- or 12-minute walk tests
(6MWT, 12MWT) (31) were used as measures of
submaximal cardiorespiratory fitness. VO, peak/max
is the highest rate of oxygen consumption achieved
during intense exercise, indicating an individual’s
maximal aerobic capacity. It serves as a key measure
of cardiorespiratory fitness and endurance performance
(30). The 6-12 MWT is a submaximal exercise test that
measures the distance an individual can walk in 6 or
12 min on a flat surface. It reflects functional aerobic
capacity and cardiorespiratory endurance in daily-life
activities (31).

Study selection

Study selection was independently performed by 2
authors (FN and ST). All retrieved records were impor-
ted into the Rayyan software to facilitate the selection
process. After duplicate removal, FN and ST screened
the remaining studies based on titles, abstracts, and
outcomes. Full texts of potentially eligible articles were
reviewed to determine final inclusion. Discrepancies
were resolved through discussion, and if consensus
was not reached, a third author (BC) was consulted.

Data extraction

Data from the included RCTs were extracted into a
structured Excel spreadsheet (Microsoft Corp, Red-
mond, WA, USA) by the first author, verified by the
last author, and cross-checked by a third author in
the event of a discrepancy. Extracted data included
study characteristics (first author, publication year,
and sample size), participant characteristics (age,
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sex, stroke type, and time since stroke), intervention
details (Frequency, Intensity, Time, and Type “FITT”),
control group details (type of exercise, frequency,
intensity, session duration, and intervention period),
and outcome measures (VO peak/max, and 6MWT).
For each study, mean differences (MDs) and standard
deviations (SDs) of outcomes at pre-intervention,
post-intervention, or mean changes were extracted for
both experimental and control groups. When numerical
data were unavailable, such as when presented only in
graphical form or entirely missing, the corresponding
authors were contacted.

Methodological quality and risk of bias assessment

Two authors (FN and ST) independently assessed
the methodological quality of included studies using
the Physiotherapy Evidence Database (PEDro) scale
(32). Discrepancies in scoring were resolved through
discussion, with a second author (CL) consulted when
necessary. The PEDro scale consists of 10 items, clas-
sifying studies as excellent (9—10), good (6-8), fair
(4-5), or poor (<4) in quality.

Risk of bias was independently assessed by FN and
ST using the Cochrane Risk of Bias Tool (33). This
tool evaluates bias across 7 domains: random sequence
generation, allocation concealment, performance bias,
detection bias, attrition bias, reporting bias, and other
sources of bias (33).

Data synthesis, subgroup, and sensitivity analysis

Quantitative data were imported into and analysed
using Review Manager (RevMan 5.3; https://www.
cochrane.org/learn/courses-and-resources/software)
software. Subgroup analyses were conducted by stra-
tifying studies based on intervention type (aerobic,
resistance, or mixed training) and level of training
intensity. To ensure the robustness of the findings, sen-
sitivity analyses were performed by excluding studies
with poor or fair methodological quality (PEDro score
<50%; <5/10). A minimum of 3 studies was required
to conduct a meta-analysis.

Statistical analysis

Statistical analyses were performed using Review
Manager version 5.3. Effect sizes were reported as
either mean differences (MDs) or standardized mean
differences (SMDs) with 95% confidence intervals
(CIs), depending on the consistency of measurement
units across studies. The SMD/MD represents the mag-
nitude of the intervention effect relative to observed
variability. Heterogeneity among studies was assessed
using the I? statistic, which quantifies the proportion of
variability due to heterogeneity across studies. An I?
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value >50% was considered indicative of substantial
heterogeneity. A fixed-effects model was used when 12
<50%, whereas a random-effects model was applied
when I? exceeded 50%. A p-value of <0.05 was con-
sidered statistically significant.

RESULTS

Study selection

Atotal of 1,573 potentially relevant studies were iden-
tified through searches in the 7 electronic databases
mentioned earlier. Following the removal of duplicates,
titles and abstracts were screened, and full texts were
reviewed. In total, 38 randomized controlled trials
(RCTs) met the inclusion criteria and were included
in the review (n=38) and meta-analysis (n=36). Two
trials were excluded from the meta-analysis because
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essential data (means, standard deviations, or both)
were not reported (34, 35). The study selection process
is illustrated in Fig. 1.

The 38 included studies involved a total of 1,517
participants (709 in physical activity interven-
tion groups and 708 in control groups). All studies
assessed aerobic capacity using either a submaxi-
mal fitness test (6B MWT, n=25) and/or a maximal
fitness test (VO, peak/max, n=23). The included
studies were categorized into 3 groups based on
their training protocols: aerobic training (n=29)
(34-63), resistance training (n=4) (48, 55, 58, 64),
and mixed training (n=15) (65-69). Details of the
included studies, organized chronologically from
most recent to oldest, are presented in Table I.
The average age of participants ranged from 44 to
75 years. Most studies were conducted in developed
countries, with the following distribution: China and

- Studies identified through database searching
2 (n=1573)
<
2 Embase (n = 640), PubMed (n = 112), Scopus (n = 55),
'*"E' Cochrane library (n =271), ScienceDirect (n = 158),
3 CINHAL (n = 253), Sport discuss (n =49), Web (n = 35)
—
A
)
Recordsafter duplicates Duplicates excluded
removed (n = 977) (n=1596)
=
'
S
) Records screened | .Records excluded afte'r
(n=977) > title and abstract screening
(n=886)
~—
. l Full textexcluded with
following reasons (n = 53):
.‘_? Full-text articles assessed | .
2 for eligibility (n=91) * Comparison oftwo
) forms of physical
=) activity (n = 19)
« Study protocols (n = 6)
4 * Included participants in
acute and/or sub-acute
Studies included in stage of stroke (n =12)
qualitative analysis (n = 38) « data missing or abstract
only available, (n = 6)
= « Other interventions
-§ and/or variables (n = 10)
o}
=
Studies included in
quantitative analysis
(meta-analysis)
(n=36)
~—/

Fig. 1. PRISMA flow diagram.
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Taiwan (n=7) (39, 46, 59-61, 64, 70), Canada (n=16)
(34, 40, 50, 63, 67), USA (n=6) (44, 49, 53, 54, 71,
72), Australia (n=15) (3638, 66, 73), Denmark (n=2)
(48, 55), Germany (n=2) (35, 62), and 1 study each
in Norway (42), India (56), Ireland (47), and Hungary
(45).

Table II presents the Frequency, Intensity, Time,
and Type (FITT) protocol for aerobic training studies.
Aerobic training interventions were conducted over a
median duration of 11 weeks (range: 2 to 19 weeks),
with most interventions spanning 4 to 12 weeks. The
average session duration was 44.1 +18.3 min, with most
sessions lasting 30 to 50 min. The median training fre-
quency was 3 sessions per week, and the total training
duration averaged 1,429 +787 min (range: 392 to 3,420
min, with a predominant range of 600 to 2,160 min).
Regarding training intensity, 7 studies (25%) used low-
intensity training, 13 studies (47%) applied moderate
intensity, and 8 studies (28%) employed high intensity,
with the majority (73%) involving low-to-moderate
intensity interventions. The most used aerobic training
modalities were the stationary bicycle (n=15) and the
treadmill (n=12). Additionally, overground walking,
stepping exercises, and water-based training were each
used in a single study.

Table III presents the FITT protocol for resistance
and mixed training studies. Resistance training pro-
tocols were conducted twice per week over a median
duration of 12 weeks. Session duration ranged from
10 to 30 min, typically consisting of 3 sets of 8 to 15
repetitions. The average total training duration was
1,116 min (range: 360 to 2,160 min). Mixed train-
ing interventions were performed 3 times per week
(median frequency) over an average duration of 14
weeks. The median session duration was 54 min, with a
mean total training volume of 2,448 min (range: 1,440
to 2,160 min).

Methodological quality and risk of bias assessment

The methodological quality of the included studies was
predominantly rated as good, with 27 out of 38 studies
(71%) achieving a score of 6 or higher on the PEDro
Scale. The mean PEDro score across all studies was 6,
with scores ranging from 3 to 9. Detailed methodolo-
gical quality assessments for each study are presented
in Table IV. Specifically, 4 studies (11%) were rated
as having excellent methodological quality, 23 studies
(60.5%) as good, 7 studies (19%) as fair, and 4 studies
(11%) as poor.

Table II. Training protocol characteristics for aerobic exercise training: Frequency, Intensity, Time, and Type (FITT) parameters

Session time Frequency, Protocol Total training
Author (year) Type & modality (min) times/week  duration, weeks Intensity time (min)
Durand UD et al. (2023) Aerobic treadmill training 45 4 4 Low 540
Aerobic aqua training 50 3 4 Low 600
Lapointe et al. (2023) Aerobic cycling 40 4 15 High 2,400
Aerobic cycling 40 4 15 Moderate 2,400
Yeah TT et al. (2022) Aerobic cycling 60 3 12 Moderate 2,160
Serra MC et al. (2022) Aerobic treadmill training 60 2 15 Moderate 1,800
Brauer SG et al. (2022) Aerobic treadmill training 30 5 8 Moderate 1,200
Horvath J et al. (2022) Aerobic cycling 30 5 4 Moderate 600
Reynolds et al. (2021) Aerobic cycling 30 2 12 Moderate 720
Gjellesvik TI et al. (2021) Aerobic treadmill training 48 3 8 High 1,152
Chang KW et al. (2021) Aerobic treadmill training 30 3 4 Low 360
Linder SM et al. (2020) Aerobic cycling 90 3 8 High 2,160
Aerobic cycling 90 3 8 Moderate 2,160
Serra MC et al. (2019) Aerobic treadmill training 50 3 15 Moderate 2,250
Hsu CC et al. (2019) Aerobic cycling 45 3 4 Moderate 540
Hornby TG et al. (2019) Aerobic stepping training 35 5 8 High 1,200
Lund C et al. (2018) Aerobic cycling 40 3 12 High 1,440
Srivastava A et al. (2016) Aerobic treadmill training 30 5 4 Low 600
Wang TC et al. (2015) Aerobic (walking, Mmobility exercise) 90 2 12 Low 2,160
Yang HC et al. (2014) Aerobic cycling 30 5 4 Moderate 600
Tang A et al. (2014) Aerobic cycling 30-40 3 15 High 1,800
Severinsen K et al. (2014) Aerobic cycling 15 3 12 High 540
Jin Hetal. (2013) Aerobic cycling 40 5 12 High 2,400
Ada L (2013) Aerobic treadmill training 30 3 8 Moderate 2,160
Aerobic (walking, mobility exercise) 30 3 16 Moderate 1,710
Globas et al. (2012) Aerobic treadmill training 50 3 12 High 1,800
Quaney BM et al. (2009) Aerobic cycling 45 3 8 Moderate 1,080
Luft AR et al. (2008) Aerobic treadmill training 40 3 15 Moderate 1,800
Lennon O et al. (2008) Aerobic cycling 30 2 10 Moderate 600
Pang YC et al. (2005) Aerobic (walking, mobility exercise) 60 3 19 Moderate 3,420
Macko RF et al. (2005) Aerobic treadmill training 40 3 15 Moderate 1,800
Kamps A & Schule K (2005) Aerobic cycling 20 2 16 Moderate 640
Chu KS et al. (2004) Aerobic aqua training 60 3 8 Low 1,440
Ada L et al. (2004) Aerobic treadmill training 30 3 4 Low 360
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Table III. Training protocol characteristics for resistance and mixed exercise training: Frequency, Intensity, Time, and Type (FITT)

parameters

Frequency, Protocol duration, Total training
Author (year) Type & modality Session time, min times/week weeks intensity time (min)
Lund C et al. (2018) Resistance training 3 series x 8 rep; 10-15 min 2 12 High 360
Vahlberg B et al. (2016) Resistance training 90 min, 10-15 rep 2 12 Moderate 2,160
Vahlberg B et al. (2016) Resistance training 75 min, 10 rep 2 12 High 1,800
Severinsen K et al. (2014) Resistance training 3 series, 8 rep; 25 min 3 12 High 900
Yang YR et al. (2006) Resistance training 30 min 3 4 Low 360
Total 12 52 5,580
Kang D et al. (2023) Mixed trainings 60 3 8 High 1,440
Martins JM et al. (2020) Mixed trainings 60 3 12 Moderate 2,160
Marsden DL et al. (2016) Mixed trainings 30 5 12 Moderate 1,800
Moore SA et al. (2016) Mixed trainings (ADLs, PA) 60 3 24 High 3,420
Moore SA et al. (2015) Mixed trainings (ADLs, PA) 60 3 19 Moderate 3,420
Total 270 17 75 12,240

Fig. 2 and Fig. S1 detail the risk of bias assessment
in the included studies. Over 75% of studies were
assessed as having a low risk of bias concerning ran-
dom sequence generation and allocation concealment,
83% with blinding of outcome assessment, 63.8%
with incomplete outcome data, 27.7% with selective
reporting, whereas 91% of studies were judged to have
a high risk of bias concerning blinding of participants
and personnel criteria.

Table IV. Methodological quality assessment with PEDro scale

Effect of physical exercise training on maximal fitness

Maximal fitness was assessed in 23 studies involving
1,061 stroke patients. The meta-analysis revealed a
significant overall beneficial effect of interventions on
VO, peak/max (MD=3.16 [2.83, 3.49], p<0.00001;
12=22%). Subgroup analysis indicated that both
aerobic and mixed training significantly improved
maximal fitness (»p<0.00001 and p=0.001, respecti-

Author (year) A B C D E F G H I ] Score Level of quality
Ada L (2013) 1 1 1 1 0 1 1 1 1 1 9 I
Reynolds (2021) 1 1 1 1 0 1 1 NC 1 1 8 I
Vahlberg (2016) 1 1 1 0 0 1 1 1 1 1 8 1
Globas (2012) 1 1 1 NC NC 1 1 1 1 1 8 I
Durand (2023) 1 1 1 0 0 0 1 1 1 1 7 II
Lapointe (2023) 1 1 1 0 0 1 1 0 1 1 7 II
Brauer (2022) 1 1 1 0 0 1 0 1 1 1 7 I
Horvath (2022) 1 1 1 NC 0 1 1 1 1 7 I
Gjellesvik (2021) 1 1 1 0 0 1 1 NC 1 1 7 11
Hsu CC (2019) 1 1 1 0 1 NC 1 NC 1 1 7 II
Hornby (2019) 1 1 1 0 0 1 1 1 1 7 I
Moore (2016) 1 1 1 0 0 1 1 NC 1 1 7 II
Yang HC (2014) 1 1 1 0 0 1 1 NC 1 1 7 I
Tang (2014) 1 1 1 0 0 1 1 0 1 1 7 II
Severinsen (2014) 1 1 1 0 0 1 1 NC 1 1 7 II
Luft (2008) 1 1 1 0 0 1 1 NC 1 1 7 II
Lennon (2008) 1 1 NC NC NC 1 1 1 1 1 7 I
Yeah (2022) 1 1 1 0 0 1 1 1 1 0 6 II
Linder (2020) 1 1 1 NC NC NC 1 NC 1 1 6 II
Martins (2020) 1 1 0 0 0 1 0 1 1 1 6 II
Lund C (2018) 1 1 1 0 0 0 0 1 1 1 6 I
Srivastava A (2016) 1 1 1 NC NC 1 0 NC 1 1 6 I
Moore SA (2015) 1 1 1 0 0 1 1 NC 1 NC 6 I
Wang TC (2015) 1 1 NC 0 NC 1 1 NC 1 1 6 II
Quaney BM (2009) 1 1 1 1 NC NC NC 1 1 NC 6 I
Yang YR (2006) 1 1 1 0 0 1 1 NC 1 0 6 I
Serra MC (2022) 1 1 1 0 0 NC 0 0 1 1 5 III
Chang KW (2021) 1 1 1 0 0 0 1 NC 1 NC 5 III
Jin H et al. (2013) 1 1 1 0 0 1 NC 0 1 0 5 IIT
Pang YC (2005) 1 1 NC 0 0 1 0 1 1 0 5 111
Macko RF (2005) 1 1 1 0 0 1 0 0 1 0 5 III
Ada L et al. (2004) 1 1 NC NC NC 1 1 0 1 0 5 111
Kamps K (2005) 1 1 1 NC NC NC 0 0 1 0 4 III
Kang (2023) 1 1 NC 0 0 0 NC 0 1 0 3 v
Serra MC (2019) 1 1 1 NC NC 0 0 0 NC NC 3 v
Marsden DL (2016) 0 1 1 0 1 NC 0 NC NC 0 3 v
Chu KS (2004) 1 0 1 NC NC 0 1 NC NC 0 3 v

1=yes; 0=no; NC=not clear; A=random allocation; B=concealed allocation; C=groups similar at baseline; D = participant blinding; E =therapist blinding;
F=assessor blinding; G=<15% dropout; H=intention-to-treat analysis; I=between-group difference reported; J=point estimate and variability reported.
Quality levels: I=score 8-10 (excellent quality); II =score 6-7 (good quality); III=score 4- 5 (fair); IV= score <4 (poor quality).
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Fandom sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection biag)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 25% 50% 75%  100%

. Lowy risk of hias

DUnclearrisl{ of hias

B High risk of bias

Fig. 2. Risk of bias graph summary.

vely). Detailed effects of physical exercise training on
maximal fitness are illustrated in Fig. 3.

Effectiveness of physical exercise training on sub-
maximal fitness

Fig. 4 presents the effects of physical exercise training
on submaximal fitness. Twenty-six studies evaluated
walking endurance as a sub-maximal fitness outcome
using the 6MWT, involving a total of 1,444 stroke
patients. The meta-analysis demonstrated a significant
improvement in walking distance following interven-
tions (6MWT, MD=34.30[25.08, 43.53], p<0.00001;
[2=25%). Subgroup analysis revealed that only aerobic
training significantly enhanced sub-maximal fitness as
measured by the 6SMWT (MD=36.17 [26.00, 46.34],
p<0.0001; 1=36%).

Sensitivity and meta-regression analysis

A sensitivity analysis was conducted by excluding
low-quality studies and comparing studies based on
intervention intensity. By removing trials with PEDro
scores below 5, treatment effects remained statistically
significant for both the 6MWT and VO, peak/max
(MD=39.24 [10.00, 68.48], p<0.00001; 12=78%
for 6oMWT and MD=1.67 [0.95, 2.39], p<0.00001;
I’=0% for VO, peak/max, see Fig. S2 for VO, peak/
max and Fig. S3 for 6MWT). Regarding intensity,
high- and moderate-intensity training were most effec-
tive in improving maximal fitness (VO, peak/max,
MD=2.93 [2.65, 3.21], p<0.00001; >=43%, Fig. 5),
while moderate-intensity intervention was sufficient
to improve sub-maximal fitness (6MWT, MD=34.79
[24.50, 45.08], p<0.00001; 12=40%, see Fig. S4).

A meta-regression analysis was performed with total
training time (see Table II) as the dependent variable
to better understand the impact of training dosage on
effect size. Although no significant difference effect
of total training time on effect sizes was found, inter-
ventions conducted for at least 45 min, 3 times per
week, for a minimum of § weeks (totalling 1,080 min)
demonstrated comparatively greater improvements on
both the (MWT and VO, peak/max.

DISCUSSION

This systematic review and meta-analysis sought to
update existing evidence on the effectiveness of vari-
ous physical exercise training protocols in chronic
stroke rehabilitation and to examine the influence of
training type and optimal dosage on fitness outcomes.
To our knowledge, this is the first meta-analysis to
compare the effects of aerobic, resistance, and mixed
training on both maximal and submaximal fitness,
and to examine the impact of training intensity and
cumulative dose. The meta-analysis results indicated
an overall improvement in maximal and submaximal
fitness (VO, peak/max and 6MWT) following physical
activity, particularly with aerobic and mixed training.
By focusing specifically on studies with good metho-
dological quality, the findings indicate that only aero-
bic exercise was associated with significantly greater
improvements in submaximal fitness, whereas both
aerobic and mixed training were effective in enhan-
cing maximal fitness. Additionally, both high- and
moderate-aerobic or mixed training intensity showed
beneficial effects on maximal capacity, whereas only
aerobic moderate-intensity training was sufficiently
effective for improving submaximal fitness.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.1.1 aerobic trainings
Chu KS et al. (2004) 212 23 TO1TE 47 5 045% 3.60[0.56,8.06] 7
Durand UD et al. {2023 &) 324 117 13 278 107 13 01% 460[4.02 13.22)
Durand UD et al. {2023b) 27.8 107 13 249 62 13 02% 2490[3.82 9.62]
Gjelleswik Tl et al (2021} 29 103 33 2749 7 kil 06% 110319 539 —
Globas etal. {2012) 244 BB 18 209 7.8 18 05% 3.480[1.22 8.22) 7
Harnby TG et al (2019a) 14 432 28 14 49 28 189% 000239 2.39) I —
Harvath J et al {2022) 11.9 81 19 1245 B84 16 04% -0.455[6.05, 4.89]
Hsu CC etal. {2019) 13486 845 19 11.894 065 15  06% 1.62[2.69 583 —
JinHetal {2013) 16.8 1.6 s 133 1 63 80.2%  3.50[3.04, 3.96] | ]
Kang D et al (2023) 19.29 7.64 10 1453 335 10 04% 476[0.41,59.83 T
Kang D et al (2023) a a i} a a a Mot estimahle
Lapainte etal {2023a) 219 61 19 187 a 13 04% 320[2.13,8.53 —
Lapainte etal. {2023b) 241 449 13 187 a 13 04% 540[0.30,10.50]
Lennon et al. (2007) 12 22 24111 149 24 79% 0.490[-0.26, 2.06] i
Linder Sh et al. (2020a) 18.7 46 16 1588 34 13 1.0% 290[0.44 6.24] T
Linder St et al. (2020b) 187 149 19 188 34 13 23%  290[0.77 503 e
Lund G etal (2017a) 1964 6.1 13 16 5.2 16 06% 3.64[0.54,7.82] T
Macko RF et al. (2005) 171 3] 14 16 5.3 16 06% 1.10[2.98 5.18] ]
Marsden DL et al (2016) 18.6 44 1m 152 32 10 08%  3.40[0.03,6.77]
Marsden DL et al (2016) a a i} a a a Mot estimahle
Moore SA etal. (2014) 21 ] 20 18 g 200 11% 3.00[0.10,6.100
Moore SA etal. (2014) a a i} a a a Mot estimahle
Pang Marco ¥ et al. (2005) 245 a3 3z 218 445 kil 18%  2.70([0.27, 513
Quaney BM et al. (2003) 1547 513 19 1439 489 19 1.0% 1.08[2.14,4.30] T
Reynolds etal (2021) 201 449 1m 174 414 10 07% 270[1.28 6.68] ]
Serra MC etal. (2019) 233 12 17 1958 1.1 18 18.2%  3.80[3.04, 4.56] -
Serra MC etal (2022) 2034 1.2 19 1663 3.4 200 42%  371[212,5.30] —_
Severinsen K et al. (2014a) 208 46 13 16068 10 16 0.2% 4.44[272 11.60]
Tang Aetal.(2014) 17.4 7 21 166 &3 25 08% 0.80[-2.84 444 T
Subtotal (95% CI) 492 489 97.6% 3.15[2.82, 3.48] +
Heterogeneity: Chi®= 3554, df= 25 (F = 0.08); F= 30%
Test for overall effect Z=18.71 (P = 0.00001)
1.1.2 Mixed trainings
Kang D et al (2023) 19.28 7.64 10 1453 335 10 04% 476[0.41,59.83 T
Marsden DL et al (2016) 18.6 44 1m 152 32 10 08%  3.40[0.03,6.77]
Moore SA etal. (2014) 21 ] 20 18 g 200 11% 3.00[0.10,6.100
Subtotal (95% CI) 40 40 2.4%  3.44[1.35,5.53] =
Heterogeneity: Chi®= 0.33, df= 2 (P = 0.85), F=0%
Test for overall effect £=3.23 (P = 0.001)
Total (95% CI) 532 529 100.0% 3.16[2.83, 3.49] ]
Heterogeneity: Chi®= 35.94, df= 28 (F=0.14), F= 22% a0 = b : 10

Testfor overall effect 2= 18.98 (P = 0.00001)

Testfor subgroup differences: Chif= 007, df=1 (P=0.79), F=0%

Fig. 3. Effect of exercise on Vo, max/vo, peak.

Effect of aerobic, resistance, and mixed exercise

training

Findings from the current meta-analysis support the
existing evidence on the effectiveness of aerobic phy-
sical training in enhancing fitness. Aerobic interventions
constitute the predominant form of rehabilitation for
stroke patients, in comparison with mixed or resistance
training (74). Our findings are consistent with those
reported in the Cochrane review by Saunders et al. (26),
which indicates that moderate-intensity cardiorespira-
tory fitness training, particularly walking, can improve
fitness, balance, and walking ability post-stroke (26).
When considering studies of good methodological
quality, our meta-analysis shows that resistance train-
ing does not provide additional benefits over aerobic
training in improving physical fitness. This finding is
corroborated by Marzolini et al., who found no signifi-

Favours [Control] Favours [Experimental]

cant difference in VO, peak between combined aerobic
and resistance training (75). Additionally, Lund et al.
concluded that aerobic training remains the most effec-
tive for improving cardiorespiratory fitness, despite the
minimal added value of resistance training (48). A recent
network meta-analysis by Wang et al. further supports
these findings that training intensity, rather than training
modality, plays a more significant role in improving
physical fitness, with aerobic training outperforming
resistance training in this regard (76).

Importance of intensity in stroke rehabilitation

This meta-analysis found no significant effect of low-
intensity training on fitness. Moderate-intensity train-
ing resulted in statistically significant improvements
in sub-maximal fitness, while high-intensity training
was more effective in enhancing maximal fitness.
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Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Experimental Control
Study or Subgroup Mean[m] SD[m] Total Mean[m] SD[m] Total Weight
1.2.1 Aerobic training
Ada L.{2003) are 122 11 269 123 14
Ada Letal {2013a) 289 131 34 263 114 34
Ada L etal {20130 274 131 34 2588 116 34
Erauer 8G etal (2022) 423 116 a3 avo 101 a5
Chang KW etal (2021) 2551 1661 8 2497 1138 8
Durand LD etal. {2023 a) 187 1245 13 1636 1047 13
Durand LD etal. {2023k} 2611 1328 13 1636 1047 13
Globas et al. {2012) 3321 138 18 265.9 177 18
Harnby T et al (2019a) 210 112 28 193 108 32
Harvath J et al (2022 M2E 1424 18 232 112 16
Hsu CC et al (2019) 3804 474 15 a6 56.3 15
JinH etal {2013 2194 643 65 2137 a1.7 63
Kamps A & Schule k. (2005) 237.84 11568 16 18528 8825 15
Lund < etal. {2017k} 326.43 121 16 3346 129 14
Macko RF et al. (20048} 922 Ta 32 68 100 28
Fang Marco ¥ et al. (2005) 3|2T 1581 32 3424 1334 kil
Serra MC et al (2022) 34385 3TEB 18 268.98 3698 20
Severinsen Ketal. {2014a) 358048 138 16 332 114 16
Srivastava Aetal (2016a) 2490 721 15 788 7174 15
Srivastava Aetal (2016a) 28312 851 15 2890 6713 15
Tang Aetal.{2014) 2881 1342 22 338 1482 25
Wang TC et al. (2015) 1684 1148 25 1866 1173 25
Yang HC et al.(2014) 28448 13493 15 241.4 146 15
Yeah TT etal (2021 168.87 10767 18 15014 102.45 18
Subtotal (95% CI) 552 553
Heterogeneity, Chi®= 3588, df= 23 (P=0.04); F= 36%
Test for overall effect Z= 6.97 (P = 0.00001}
1.2.2 Resistance training
Lund < etal. {201 7h) 326.61 127 13 326.43 121 16
Severinsen K et al. {2014k 35248 138 16 358048 138 16
Wahleberg B et (2016a) 361.7 a2 34 366.9 998 33
Yalhleberg etal. 2016 (b) 420 118 34 3838 £6.3 33
Yang YR etal. (20086) 3828 642 24 3413 1268 24
Subtotal (95% CI) 121 122
Heterogeneity: Chi®= 3.36, df=4 (P =050} F=0%
Testfor overall effect Z=1.62 (P =010}
1.2.3 Mixed trainings
Marsden DL et al (2016) 494 67 10 456 10 10
Marting JC et al. {20200 334 126 18 320 124 18
Moore SA et al. (2016) 513 13 20 441 126 20
Subtotal (95% CI) 48 48
Heterogeneity: Chi=1.01, df= 2 (P =060} F=0%
Test for overall effect Z=1.80 {F = 0.07)
Total (95% CI) 721 723

Heterogeneity: Chi®=41.89 df= 31 (P=010); F=25%
Test for overall effect 2= 7.29 (P = 0.00001;
Test for subgroup differences: Chi*=1.35, df= 2 {F =081}, F=0%

Fig. 4. Effect of exercise on 6MWT.

0.9% 110.00[13.31, 206.69]
25%  26.00[-32.59, 24.59) —_1
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1.6% 4255 [29.60,114.70] —
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1.7% 50.30[20.03, 12063 -
165%  74.87[51.43,98.31] -
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82.3%  36.17 [26.00, 46.34] ]
1.0% 0189082, 91.18] —
09%  2.00[-93.63, 97 63 —_—
44%  -5.20[-49.01, 38 61] —r
44% 36207 .87, 80.27] T—
28%  51.50[-3.67, 106.67] —
13.6%  20.75[-4.29, 45.79] »>
18% 3800[F37.12,113.17) I E—
1.3%  14.00[-67 67, 95.67] —_—
1.3%  72.00[-7.66, 151.66] T
4.1%  41.63[-3.79, 87.05] T
100.0%  34.30[25.08, 43.53] ]

200 -100 0 100 200
Favours [Cantral]  Favours [Experimental]

These findings suggest that high-intensity training is
effective in eliciting clinically meaningful improve-
ments in fitness for chronic stroke patients. This is
further supported by Abbasian and Rastegar (77), who
demonstrated that high weekly volume of treadmill exer-
cise training was significantly associated with greater
improvement in VO, peak (77). However, Lee and Stone
(78) found no significant difference between moderate-
intensity (40-60% of heart rate reserve [HRR]) and
high-intensity (60—85% of HRR) training effects (78).
Nonetheless, high-intensity training continues to show
potential. A recent study involving patients more than
2 years post-stroke showed that vigorous walking
exercise led to significant improvements in walking
capacity after only 4 weeks of training, although at least
12 weeks of training was required to achieve greater
improvements (79). Nevertheless, adherence to high-
intensity training remains a significant challenge for

many individuals post-stroke, potentially contributing
to the limited number of high-quality studies on high-
intensity protocols (73).

Optimal dose needed to improve fitness

Our meta-analysis suggests that a 45-min training
session at moderate to high intensity, performed at
least 3 times per week for a minimum of 8 weeks,
was associated with improvements in physical fitness.
Furthermore, walking distance improved as the train-
ing period extended. Ammann et al. (80) noted that
many published protocols exhibit inconsistencies and
incomplete reporting of exercise training principles,
as well as variations in patient adherence (80). The
optimal exercise dose is influenced by multiple factors,
including training intensity (high-intensity training
yields short-term effects, such as those observed

J Rehabil Med 57, 2025


http://www.medicaljournals.se/jrm

JRM

JRM

JRM

F. Nindorera et al. "Dose-matched physical interventions to improve maximal and sub-maximal fitness in stroke patients” p. 13 of 16

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 High intensity
Gjellesvik T et al {2021} 28 103 33 2749 7 il 0.0% 110[3413 36.33] 4 *
Globas et al. {2012) 244 EE 18 209 78 18 0.4% 3680[1.22,8272]
Hornby TG et al {201 9a) 14 449 28 14 4.2 28 1.4% 0.00[2.39, 2.39 . E—
JinHetal (2013 16.8 16 G5 133 1 63 3r.0% 3.60[3.04, 3.96] =
Kang D et al (2023) 19.29 7.64 10 1453 335 10 0.3% 476 [F0.41,9.93] +
Lapointe et al.(2023a) 21.9 6.1 14 187 b 13 0.3% 3.20[F2.13, 853
Linder Sh etal. (2020a) 185 46 16 158 34 13 0.7% 270 [0.64, 6.04] ]
Lund C et al. (2017a) 1964 61 13 16 52 16 0.4% 364 [0.54,7.82] i
Moore SAetal 2014) il a 20 18 ] 20 0.8% 3.00[010,8.10] 1
Severinsen K etal. (2014a) 208 496 13 16.06 10 16 0.2% 444272 11.60] *
Tang Aetal.(2014) 17.4 7 21 166 25 53 0.1% 0.80 [6.57,8.17]
Subtotal (95% Cl) 252 281  41.5% 3.36 [2.93, 3.80] L 2
Heterogeneity: Chi*=9.02, df=10{F=0453), F=0%
Testfor averall effect Z=1516 (P = 0.00001)
2.1.2 Moderate intensity
Horvath J etal (2022) 11.9 81 19 1245 84 16 0.3% -0.55[-6.05, 4.95]
Hsu CCetal. 2019) 13469 84 15 11.84 065 15 0.4% 1.65 [2.66, 5.96] ]
Lapointe et al. {2023h) 241 44 13 187 a 13 0.3%  5.40[0.30,10.50] *
Lennon etal. {2007} 12 22 24 111 149 24 5.8% 0.90 [F0.26, 2.08] T
Linder 5w etal. (2020b) 18.1 a 15 1488 34 13 0.8% 230 [0.87,5.47] T
Macko RF et al. (2005) 17.3 1 3z 1449 1 28 MNI1% 2.4010[1.90, 2.900 =
Pang Marco YC et al. (2005) 245 453 3z 218 45 1 1.3% 270[0.27,5813]
Quaney BM et al. (2009) 1547 413 19 14.39 489 19 0.8% 1.08[F2.14, 4,300 B
Reynolds et al {2021) 201 449 10 174 44 10 0.5% 270[1.38 6.78] —
Serra MC etal. {2019) 233 12 17 195 14 18 13.4% 3.80[3.04, 4.56] —
Serra MC etal (2022) 2034 1.21 19 16.63 34 20 31% 3T71[212,5.300
Subtotal (95% Cl) 215 208 57.8% 2.63 [2.26, 3.00] L 2
Heterogeneity: Chi®= 23.65, df=10 (P = 0.008); F=58%
Testfor averall effect Z=14.01 (P = 0.00001)
2.1.3 Low intensity
Chu kS etal. {2004) 212 23 7TO17E 47 ] 0.4% 360 [0.86, 8.08]
Durand UD et al. (2023 a) 2449 B2 13 278 107 13 0.2% -2.80[89.62, 3.82]
Durand UD et al. (2023h) 324 117 13 278 107 13 0.1% 4.60[4.02 13.22] +
Subtotal (95% Cl) 33 31 0.7%  2.08[-1.33,5.49] ——g——
Heterogeneity: Chi*= 288, df=2 (P =024} F=31%
Testfor averall effect Z=1.20(P=0.23)
Total (95% CI) 500 520 100.0% 2.93 [2.65, 3.21] 4

Heterogeneity: Chi®= 42.09, df= 24 (F=0.01), F= 43%

Testfor averall effect 2= 20,52 (P = 0.00001)

Testfor subgroup differences: Chi*=6.53, df=2 (P =0.04), F= 69.4%

Fig.5. Effect of exercise intensity on VO,max/Vo,peak.

within 4 weeks) (79), the training modality (aerobic vs
resistance training), and patient-specific characteristics
(e.g., age, stroke severity, etc.) (81).

Study limitations and strengths

Several limitations of this study should be considered.
We focused only on the immediate effects of interven-
tions, excluding follow-up data. This limitation may
reduce the generalizability of our findings regarding
long-term fitness outcomes. Furthermore, inconsis-
tencies in the implementation of the FITT principle
across rehabilitation protocols, in addition to high hete-
rogeneity of the included studies, may have affected
the internal validity of the findings. Finally, selection
bias from inclusion/exclusion criteria and missing data
may limit the generalizability of conclusions due to the
omission of contextual variables such as training type
and participant motivation.

4 2 0 1 14
Favours [control] Favours [experimental]

Conclusion

In conclusion, this systematic review with meta-
analysis provides an update on the effectiveness of
aerobic interventions in improving physical fitness.
The findings suggest that moderate-to-vigorous-
intensity aerobic training is most effective for
enhancing overall physical fitness. High-intensity aero-
bic and mixed interventions demonstrated greater effi-
cacy in improving maximal physical fitness, whereas
moderate-intensity aerobic training is sufficient to
enhance submaximal physical fitness. A training pro-
gram consisting of 45-min sessions, at least t3 times
per week, for a minimum of 8 weeks was associated
with significant improvements in fitness.

ACKNOWLEDGEMENTS

The authors would like to thank the authors who provided
additional data upon request and acknowledge the Haute Ecole

J Rehabil Med 57, 2025


http://www.medicaljournals.se/jrm

JRM

JRM

JRM

F. Nindorera et al. "Dose-matched physical interventions to improve maximal and sub-maximal fitness in stroke patients” p. 14 of 16

HE2B for research support. They also acknowledge the assis-
tance of Al tools, specifically the use of Microsoft Copilot, for
manuscript revision assistance. These tools provided valuable
suggestions and improvements, which contributed to impro-
ving the clarity and coherence of the manuscript. However, all
responsibility for the final content remains with the authors.

Funding/financial support: This study did not receive any speci-
fic funding. The open-access fees are covered by the institution.

The authors have no conflicts of interest to declare.

10.

11.

12.

13.

14.

REFERENCES

. Feigin VL, Abate MD, Abate YH, Abd ElHafeez S, Abd-Allah

F, Abdelalim A, et al. Global, regional, and national burden
of stroke and its risk factors, 1990-2021: a systematic
analysis for the Global Burden of Disease Study 2021. Lan-
cet Neurol 2024; 23: 973-1003. https://doi.org/10.1016/
S1474-4422(24)00369-7

. Viktorisson A, Reinholdsson M, Danielsson A, Palstam A,

Sunnerhagen KS. Pre-stroke physical activity in relation
to post-stroke outcomes - linked to the International
Classification of Functioning, Disability and Health (ICF):
a scoping review. J Rehabil Med 2022; 54: jrm00251.
https://doi.org/10.2340/jrm.v53.51

. Prendes CF, Rantner B, Hamwi T, Stana ], Feigin VL,

Stavroulakis K, et al. Burden of stroke in Europe: an
analysis of the global burden of disease study findings
from 2010 to 2019. Stroke 2024; 55: 432-442. https://
doi.org/10.1161/strokeaha.122.042022

. Miryutova NF, Minchenko NN, Samoilova IM, Tsekhmey-

struk EA, Mikhailova LV. [Functional and activity limitations
in patients after a stroke]. Vopr Kurortol Fizioter Lech
Fiz Kult 2022; 99: 20-29. https://doi.org/10.17116/
kurort20229906120

. Fini NA, Holland AE, Keating J, Simek J, Bernhardt J. How

physically active are people following stroke? Systematic
review and quantitative synthesis. Phys Ther 2017; 97:
707-717. https://doi.org/10.1093/ptj/pzx038

. Mohammed S, Haidar J, Ayele BA, Yifru YM. Post-stroke

limitations in daily activities: experience from a tertiary
care hospital in Ethiopia. BMC Neurol 2023; 23: 364.
https://doi.org/10.1186/s12883-023-03419-9

.van de Port IG, Kwakkel G, van Wijk I, Lindeman E.

Susceptibility to deterioration of mobility long-term after
stroke: a prospective cohort study. Stroke 2006; 37:
167-171. https://doi.org/10.1161/01.STR.0000195180.
69904.f2

. Michael KM, Allen JK, Macko RF. Reduced ambulatory

activity after stroke: the role of balance, gait, and car-
diovascular fitness. Arch Phys Med Rehabil 2005; 86:
1552-1556. https://doi.org/10.1016/j.apmr.2004.12.026

. Lavie CJ, Ozemek C, Carbone S, Katzmarzyk PT, Blair SN.

Sedentary behavior, exercise, and cardiovascular health.
Circ Res 2019; 124: 799-815. https://doi.org/10.1161/
circresaha.118.312669

10.Larsson P, Bidonde ], Olsen U, Gay CL, Lerdal A, Ursin
M, et al. Association of post-stroke fatigue with physical
activity and physical fitness: a systematic review and
meta-analysis. Int J Stroke 2023; 18: 1063-1070. https://
doi.org/10.1177/17474930231152132

Paciaroni M, Acciarresi M. Poststroke fatigue. Stroke
2019; 50: 1927-1933. https://doi.org/10.1161/stro-
keaha.119.023552

Caspersen CJ, Powell KE, Christenson GM. Physical activity,
exercise, and physical fitness: definitions and distinctions
for health-related research. Public Health Rep 1985; 100:
126-131.

Carlson DJ. VO2max: the gold standard? Chest 1995;
108: 602-603. https://doi.org/10.1378/chest.108.3.602
Kurl S, Laukkanen JA, Rauramaa R, Lakka TA, Sivenius

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

J, Salonen JT. Cardiorespiratory fitness and the risk for
stroke in men. Arch Intern Med 2003; 163: 1682-1688.
https://doi.org/10.1001/archinte.163.14.1682

Baert I, Daly D, Dejaeger E, Vanroy C, Vanlandewijck Y,
Feys H. Evolution of cardiorespiratory fitness after stroke:
a 1l-year follow-up study. Influence of prestroke patients’
characteristics and stroke-related factors. Arch Phys Med
Rehabil 2012; 93: 669-676. https://doi.org/10.1016/j.
apmr.2011.09.022

Smith AC, Saunders DH, Mead G. Cardiorespiratory
fitness after stroke: a systematic review. Int J Stroke
2012; 7: 499-510. https://doi.org/10.1111/j.1747-
4949.2012.00791.x

Billinger SA, Coughenour E, Mackay-Lyons MJ, Ivey FM.
Reduced cardiorespiratory fitness after stroke: biolo-
gical consequences and exercise-induced adaptations.
Stroke Res Treat 2012; 2012: 959120. https://doi.
0rg/10.1155/2012/959120

Billinger SA, Arena R, Bernhardt J, Eng 13, Franklin BA,
Johnson CM, et al. Physical activity and exercise recom-
mendations for stroke survivors: a statement for health-
care professionals from the American Heart Association/
American Stroke Association. Stroke 2014; 45: 2532-
2553. https://doi.org/10.1161/str.0000000000000022
Edward JA, Cornwell WK 3rd. Impact of exercise on
cerebrovascular physiology and risk of stroke. Stroke
2022; 53: 2404-2410. https://doi.org/10.1161/stro-
keaha.121.037343

Gordon NF, Gulanick M, Costa F, Fletcher G, Franklin BA,
Roth EJ, et al. Physical activity and exercise recommen-
dations for stroke survivors: an American Heart Associa-
tion scientific statement. Stroke 2004; 35: 1230-1240.
https://doi.org/10.1161/01.5tr.0000127303.19261.19
Nicholson S, Sniehotta FF, van Wijck F, Greig CA, Johnston
M, McMurdo ME, et al. A systematic review of perceived
barriers and motivators to physical activity after stroke.
Int J Stroke 2013; 8: 357-364. https://doi.org/10.1111/
j.1747-4949.2012.00880.x

Marsden DL, Dunn A, Callister R, Levi CR, Spratt NJ.
Characteristics of exercise training interventions to improve
cardiorespiratory fitness after stroke: a systematic review
with meta-analysis. Neurorehabil Neural Repair 2013; 27:
775-788. https://doi.org/10.1177/1545968313496329
Doyle L, Mackay-Lyons M. Utilization of aerobic exercise
in adult neurological rehabilitation by physical therapists
in Canada. J Neurol Phys Ther 2013; 37: 20-26. https://
doi.org/10.1097/NPT.0b013e318282975c

Machado N, Wingfield M, Kramer S, Olver J, Williams G,
Johnson L. Maintenance of cardiorespiratory fitness in
people with stroke: a systematic review and meta-analysis.
Arch Phys Med Rehabil 2022; 103: 1410-1421.e1416.
https://doi.org/10.1016/j.apmr.2022.01.151

Roberts DE, Futrell EE, Toole E. Submaximal walking
tests: a review of clinical use. J Clin Exerc Physiol 2022;
11: 62-74. https://doi.org/10.31189/2165-6193-11.2.62
Saunders DH, Sanderson M, Hayes S, Johnson L, Kramer S,
Carter DD, et al. Physical fitness training for stroke patients.
Cochrane Database Syst Rev 2020; 3: Cd003316. https://
doi.org/10.1002/14651858.CD003316.pub7

Stewart LA, Clarke M, Rovers M, Riley RD, Simmonds M,
Stewart G, et al. Preferred reporting items for systematic
review and meta-analyses of individual participant data:
the PRISMA-IPD Statement. JAMA 2015; 313: 1657-1665.
https://doi.org/10.1001/jama.2015.3656

Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins
JP, et al. Updated guidance for trusted systematic reviews:
a new edition of the Cochrane Handbook for Systematic
Reviews of Interventions. Cochrane Database Syst Rev
2019; 10: Ed000142. https://doi.org/10.1002/14651858.
Ed000142

Garber CE, Blissmer B, Deschenes MR, Franklin BA,
Lamonte MJ], Lee IM, et al. American College of Sports
Medicine position stand. Quantity and quality of exercise

J Rehabil Med 57, 2025


https://doi.org/10.1016/S1474-4422(24)00369-7
https://doi.org/10.1016/S1474-4422(24)00369-7
https://doi.org/10.2340/jrm.v53.51
https://doi.org/10.1161/strokeaha.122.042022
https://doi.org/10.1161/strokeaha.122.042022
https://doi.org/10.17116/kurort20229906120
https://doi.org/10.17116/kurort20229906120
https://doi.org/10.1093/ptj/pzx038
https://doi.org/10.1186/s12883-023-03419-9
https://doi.org/10.1161/01.STR.0000195180.69904.f2
https://doi.org/10.1161/01.STR.0000195180.69904.f2
https://doi.org/https
http://doi.org/10.1016/j.apmr.2004.12.026
https://doi.org/10.1161/circresaha.118.312669
https://doi.org/10.1161/circresaha.118.312669
https://doi.org/10.1177/17474930231152132
https://doi.org/10.1177/17474930231152132
https://doi.org/10.1161/strokeaha.119.023552
https://doi.org/10.1161/strokeaha.119.023552
https://doi.org/10.1378/chest.108.3.602
https://doi.org/10.1001/archinte.163.14.1682
https://doi.org/10.1016/j.apmr.2011.09.022
https://doi.org/10.1016/j.apmr.2011.09.022
https://doi.org/10.1111/j.1747-4949.2012.00791.x
https://doi.org/10.1111/j.1747-4949.2012.00791.x
https://doi.org/10.1155/2012/959120
https://doi.org/10.1155/2012/959120
https://doi.org/10.1161/str.0000000000000022
https://doi.org/10.1161/strokeaha.121.037343
https://doi.org/10.1161/strokeaha.121.037343
https://doi.org/10.1161/01.Str.0000127303.19261.19
https://doi.org/10.1111/j.1747-4949.2012.00880.x
https://doi.org/10.1111/j.1747-4949.2012.00880.x
https://doi.org/10.1177/1545968313496329
https://doi.org/10.1097/NPT.0b013e318282975c
https://doi.org/10.1097/NPT.0b013e318282975c
https://doi.org/10.1016/j.apmr.2022.01.151
https://doi.org/10.31189/2165-6193-11.2.62
https://doi.org/10.1002/14651858.CD003316.pub7
https://doi.org/10.1002/14651858.CD003316.pub7
https://doi.org/10.1001/jama.2015.3656
https://doi.org/10.1002/14651858.Ed000142
https://doi.org/10.1002/14651858.Ed000142
http://www.medicaljournals.se/jrm

JRM

JRM

JRM

F. Nindorera et al. "Dose-matched physical interventions to improve maximal and sub-maximal fitness in stroke patients” p. 15 of 16

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

for developing and maintaining cardiorespiratory, muscu-
loskeletal, and neuromotor fitness in apparently healthy
adults: guidance for prescribing exercise. Med Sci Sports
Exerc 2011; 43: 1334-1359. https://doi.org/10.1249/
MSS.0b013e318213fefb

Dlugosz EM, Chappell MA, Meek TH, Szafranska PA, Zub
K, Konarzewski M, et al. Phylogenetic analysis of mam-
malian maximal oxygen consumption during exercise. ]
Exp Biol 2013; 216: 4712-4721. https://doi.org/10.1242/
jeb.088914

Liu F, Jones AYM, Tsang RCC, Zha F, Zhou M, Xue K, et al.
Stroke volume and cardiac output during 6 minute-walk
tests are strong predictors of maximal oxygen uptake
in people after stroke. PLoS One 2022; 17: e0273794.
https://doi.org/10.1371/journal.pone.0273794

Cashin AG, McAuley JH. Clinimetrics: Physiotherapy Evi-
dence Database (PEDro) Scale. J Physiother 2020; 66: 59.
https://doi.org/10.1016/j.jphys.2019.08.005

Higgins JP, Altman DG, Ggtzsche PC, Jini P, Moher D,
Oxman AD, et al. The Cochrane Collaboration’s tool for
assessing risk of bias in randomised trials. BMJ 2011; 343:
d5928. https://doi.org/10.1136/bmj.d5928

Lapointe T, Houle J, Sia Y, Trudeau F. Inclusion of high
intensity interval training in cardiovascular rehabilitation
after stroke: a randomized control trial. Can J Cardiol 2021;
37: S89. https://doi.org/10.1016/j.cjca.2021.07.176
Luft AR, MacKo RF, Forrester LW, Villagra F, Ivey F, Sorkin
JD, et al. Treadmill exercise activates subcortical neural
networks and improves walking after stroke: a randomized
controlled trial. Stroke 2008; 39: 3341-3350. https://doi.
org/10.1161/STROKEAHA.108.527531

Ada L, Dean CM, Hall JM, Bampton J, Crompton S. A
treadmill and overground walking program improves
walking in persons residing in the community after stroke:
a placebo-controlled, randomized trial. Arch Phys Med
Rehabil 2003; 84: 1486-1491. https://doi.org/10.1016/
s0003-9993(03)00349-6

Ada L, Dean CM, Lindley R. Randomized trial of tread-
mill training to improve walking in community-dwelling
people after stroke: the AMBULATE trial. Int J Stroke
2013; 8: 436-444. https://doi.org/10.1111/j.1747-
4949.2012.00934.x

Brauer SG, Kuys SS, Ada L, Paratz JD. IMproving
Physical ACtivity after stroke via Treadmill train-
ing (IMPACT) and self-management: a randomized
trial. Int J Stroke 2022; 17: 1137-1144. https://doi.
org/10.1177/17474930221078121

Chang KW, Lin CM, Yen CW, Yang CC, Tanaka T, Guo
LY. The effect of walking backward on a treadmill on
balance, speed of walking and cardiopulmonary fitness for
patients with chronic stroke: a pilot study. Int J Environ
Res Public Health 2021; 18. https://doi.org/10.3390/
ijerph18052376

Chu KS, Eng 1], Dawson AS, Harris JE, Ozkaplan A, Gylfa-
déttir S. Water-based exercise for cardiovascular fitness in
people with chronic stroke: a randomized controlled trial.
Arch Phys Med Rehabil 2004; 85: 870-874. https://doi.
org/10.1016/j.apmr.2003.11.001

Duran UD, Duran M, Tekin E, Demir Y, Aydemir K, Aras
B, et al. Comparison of the effectiveness of anti-gravity
treadmill exercises and underwater walking exercises on
cardiorespiratory fitness, functional capacity and balance
in stroke patients. Acta Neurol Belg 2023; 123: 423-432.
https://doi.org/10.1007/s13760-022-02012-0

Gjellesvik TI, Becker F, Tjgnna AE, Indredavik B, Lundgaard
E, Solbakken H, et al. Effects of high-intensity interval
training after stroke (The HIIT Stroke Study) on physical
and cognitive function: a multicenter randomized control-
led trial. Arch Phys Med Rehabil 2021; 102: 1683-1691.
https://doi.org/10.1016/j.apmr.2021.05.008

Globas C, Becker C, Cerny J, Lam JM, Lindemann U, For-
rester LW, et al. Chronic stroke survivors benefit from
high-intensity aerobic treadmill exercise: a randomized

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

control trial. Neurorehabil Neural Repair 2012; 26: 85-95.
https://doi.org/10.1177/1545968311418675

Hornby TG, Henderson CE, Plawecki A, Lucas E, Lotter J,
Holthus M, et al. Contributions of stepping intensity and
variability to mobility in individuals poststroke. Stroke
2019; 50: 2492-2499. https://doi.org/10.1161/STRO-
KEAHA.119.026254

Horvath J, Debreceni Nagy A, Fulép P, Jenei Z. Effec-
tiveness of hospital-based low intensity and inspected
aerobic training on functionality and cardiorespiratory
fitness in unconditioned stroke patients: importance of
submaximal aerobic fitness markers. Medicine (Balti-
more) 2022; 101: E31035. https://doi.org/10.1097/
MD.0000000000031035

Jin H, Jiang Y, Wei Q, Chen L, Ma G. Effects of aerobic
cycling training on cardiovascular fitness and heart rate
recovery in patients with chronic stroke. NeuroRehabil
2013; 32: 327-335. https://doi.org/10.3233/NRE-130852
Lennon O, Carey A, Gaffney N, Stephenson J, Blake C. A
pilot randomized controlled trial to evaluate the benefit
of the cardiac rehabilitation paradigm for the non-acute
ischaemic stroke population. Clin Rehabil 2008; 22:
125-133. https://doi.org/10.1177/0269215507081580
Lund C, Dalgas U, Grgnborg TK, Andersen H, Severinsen K,
Riemenschneider M, et al. Balance and walking performance
are improved after resistance and aerobic training in persons
with chronic stroke. Disabil Rehabil 2018; 40: 2408-2415.
https://doi.org/10.1080/09638288.2017.1336646

Macko RF, Ivey FM, Forrester LW, Hanley D, Sorkin JD,
Katzel LI, et al. Treadmill exercise rehabilitation impro-
ves ambulatory function and cardiovascular fitness in
patients with chronic stroke: a randomized, controlled
trial. Stroke (00392499) 2005; 36: 2206-2211. https://
doi.org/10.1161/01.str.0000181076.91805.89

Pang MYC, Eng 1], Dawson AS, McKay HA, Harris JE. A
community-based fitness and mobility exercise program
for older adults with chronic stroke: a randomized, control-
led trial. J Am Geriatr Soc 2005; 53: 1667-1674. https://
doi.org/10.1111/j.1532-5415.2005.53521.x

Quaney BM, Boyd LA, McDowd JM, Zahner LH, He J, Mayo
MS, et al. Aerobic exercise improves cognition and motor
function poststroke. Neurorehabil Neural Repair 2009; 23:
879-885. https://doi.org/10.1177/1545968309338193
Reynolds H, Steinfort S, Tillyard J, Ellis S, Hayes A, Hanson
ED, et al. Feasibility and adherence to moderate intensity
cardiovascular fitness training following stroke: a pilot
randomized controlled trial. BMC Neurol 2021; 21: 132.
https://doi.org/10.1186/s12883-021-02052-8

Serra MC, Accardi CJ, Ma C, Park Y, Tran V, Jones DP, et
al. Metabolomics of aerobic exercise in chronic stroke
survivors: a pilot study. J Stroke Cerebrovasc Dis 2019;
28: N.PAG-N.PAG. https://doi.org/10.1016/j.jstrokecere-
brovasdis.2019.104453

Serra MC, Hafer-Macko CE, Robbins R, O’Connor JC, Ryan
AS. Randomization to treadmill training improves physical
and metabolic health in association with declines in oxida-
tive stress in stroke. Arch Phys Med Rehabil 2022; 103:
2077-2084. https://doi.org/10.1016/j.apmr.2022.06.011
Severinsen K, Jakobsen JK, Pedersen AR, Overgaard K,
Andersen H. Effects of resistance training and aerobic
training on ambulation in chronic stroke. Am J Phys
Med Rehabil 2014; 93: 29-42. https://doi.org/10.1097/
PHM.0b013e3182a518el

Srivastava A, Taly AB, Gupta A, Kumar S, Murali T. Body-
weight-supported treadmill training for retraining gait
among chronic stroke survivors: a randomized controlled
study. Ann Phys Rehabil Med 2016; 59: 235-241. https://
doi.org/10.1016/j.rehab.2016.01.014

Tang A, Eng JJ, Krassioukov AV, Madden KM, Mohammadi
A, Tsang MY, et al. Exercise-induced changes in cardiovas-
cular function after stroke: a randomized controlled trial.
Int J Stroke 2014; 9: 883-889. https://doi.org/10.1111/
ij5.12156

J Rehabil Med 57, 2025


https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1242/jeb.088914
https://doi.org/10.1242/jeb.088914
https://doi.org/10.1371/journal.pone.0273794
https://doi.org/10.1016/j.jphys.2019.08.005
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1016/j.cjca.2021.07.176
https://doi.org/10.1161/STROKEAHA.108.527531
https://doi.org/10.1161/STROKEAHA.108.527531
https://doi.org/10.1016/s0003-9993(03)00349-6
https://doi.org/10.1016/s0003-9993(03)00349-6
https://doi.org/10.1111/j.1747-4949.2012.00934.x
https://doi.org/10.1111/j.1747-4949.2012.00934.x
https://doi.org/10.1177/17474930221078121
https://doi.org/10.1177/17474930221078121
https://doi.org/10.3390/ijerph18052376
https://doi.org/10.3390/ijerph18052376
https://doi.org/10.1016/j.apmr.2003.11.001
https://doi.org/10.1016/j.apmr.2003.11.001
https://doi.org/10.1007/s13760-022-02012-0
https://doi.org/10.1016/j.apmr.2021.05.008
https://doi.org/10.1177/1545968311418675
https://doi.org/10.1161/STROKEAHA.119.026254
https://doi.org/10.1161/STROKEAHA.119.026254
https://doi.org/10.1097/MD.0000000000031035
https://doi.org/10.1097/MD.0000000000031035
https://doi.org/10.3233/NRE-130852
https://doi.org/10.1177/0269215507081580
https://doi.org/10.1080/09638288.2017.1336646
https://doi.org/10.1161/01.str.0000181076.91805.89
https://doi.org/10.1161/01.str.0000181076.91805.89
https://doi.org/10.1111/j.1532-5415.2005.53521.x
https://doi.org/10.1111/j.1532-5415.2005.53521.x
https://doi.org/10.1177/1545968309338193
https://doi.org/10.1186/s12883-021-02052-8
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104453
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104453
https://doi.org/10.1016/j.apmr.2022.06.011
https://doi.org/10.1097/PHM.0b013e3182a518e1
https://doi.org/10.1097/PHM.0b013e3182a518e1
https://doi.org/10.1016/j.rehab.2016.01.014
https://doi.org/10.1016/j.rehab.2016.01.014
https://doi.org/10.1111/ijs.12156
https://doi.org/10.1111/ijs.12156
http://www.medicaljournals.se/jrm

JRM

JRM

JRM

F. Nindorera et al. "Dose-matched physical interventions to improve maximal and sub-maximal fitness in stroke patients” p. 16 of 16

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Vahlberg B, Cederholm T, Lindmark B, Zetterberg L, Hell-
strém K. Short-term and long-term effects of a progressive
resistance and balance exercise program in individuals
with chronic stroke: a randomized controlled trial. Disabil
Rehabil 2017; 39: 1615-1622. https://doi.org/10.1080/
09638288.2016.1206631

Wang TC, Tsai AC, Wang JY, Lin YT, Lin KL, Chen ]3],
et al. Caregiver-mediated intervention can improve
physical functional recovery of patients with chro-
nic stroke: a randomized controlled trial. Neurore-
habil Neural Repair 2015; 29: 3-12. https://doi.
org/10.1177/1545968314532030

Yang HC, Lee CL, Lin R, Hsu MJ], Chen CH, Lin JH, et al.
Effect of biofeedback cycling training on functional reco-
very and walking ability of lower extremity in patients with
stroke. Kaohsiung J Med Sci 2014; 30: 35-42. https://
doi.org/10.1016/j.kjms.2013.07.006

Yeh T-T, Chang K-C, Wu C-Y, Chen C-J], Chuang IC. Clinical
efficacy of aerobic exercise combined with computer-based
cognitive training in stroke: a multicenter randomized
controlled trial. Top Stroke Rehabil 2022; 29: 255-264.
https://doi.org/10.1080/10749357.2021.1922045
Kamps A, Schile K. Cyclic movement training of the
lower limb in stroke rehabilitation. Neurol Rehabil 2005;
11: S1-S12.

Lapointe T, Houle J, Sia YT, Payette M, Trudeau F. Addition
of high-intensity interval training to a moderate intensity
continuous training cardiovascular rehabilitation program
after ischemic cerebrovascular disease: a randomized
controlled trial. Front Neurol 2022; 13: 963950. https://
doi.org/10.3389/fneur.2022.963950

Yang YR, Wang RY, Lin KH, Chu MY, Chan RC. Task-oriented
progressive resistance strength training improves muscle
strength and functional performance in individuals with
stroke. Clin Rehabil 2006; 20: 860-870. https://doi.
org/10.1177/0269215506070701

Kang D, Park J, Eun SD. The efficacy of community-based
exercise programs on circulating irisin level, muscle
strength, cardiorespiratory endurance, and body com-
position for ischemic stroke: a randomized controlled
trial. Front Neurol 2023; 14. https://doi.org/10.3389/
fneur.2023.1187666

Marsden DL, Dunn A, Callister R, McElduff P, Levi CR,
Spratt NJ. A home- and community-based physical activity
program can improve the cardiorespiratory fitness and
walking capacity of stroke survivors. J Stroke Cerebrovasc
Dis 2016; 25: 2386-2398. https://doi.org/10.1016/j.
jstrokecerebrovasdis.2016.06.007

Martins JC, Nadeau S, Aguiar LT, Scianni AA, Teixeira-
Salmela LF, De Morais Faria CDC. Efficacy of task-specific
circuit training on physical activity levels and mobility of
stroke patients: a randomized controlled trial. NeuroRe-
habilitation 2020; 47: 451-462. https://doi.org/10.3233/
nre-203207

Moore SA, Hallsworth K, Jakovljevic DG, Blamire AM, He J,
Ford GA, et al. Effects of community exercise therapy on
metabolic, brain, physical, and cognitive function following
stroke. Neurorehabil Neural Repair 2015; 29: 623-635.
https://doi.org/10.1177/1545968314562116

Moore SA, Jakovljevic DG, Ford GA, Rochester L, Trenell
MI. Exercise induces peripheral muscle but not cardiac
adaptations after stroke: a randomized controlled pilot

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

trial. Arch Phys Med Rehabil 2016; 97: 596-603. https://
doi.org/10.1016/j.apmr.2015.12.018

Hsu CC, Tsai HH, Fu TC, Wang JS. Exercise training enhan-
ces platelet mitochondrial bioenergetics in stroke patients:
a randomized controlled trial. J Clin Med 2019; 8. https://
doi.org/10.3390/jcm8122186

Linder SM, Davidson S, Rosenfeldt A, Penko A, Lee J,
Koop MM, et al. Predictors of improved aerobic capacity
in individuals with chronic stroke participating in cycling
interventions. Arch Phys Med Rehabil 2020; 101: 717-721.
https://doi.org/10.1016/j.apmr.2019.10.187

Quaney BM, Boyd LA, McDowd JM, Zahner LH, Jiang-
hua H, Mayo MS, et al. Aerobic exercise improves
cognition and motor function poststroke. Neurore-
habil Neural Repair 2009; 23: 879-885. https://doi.
org/10.1177/1545968309338193

Reynolds H, Steinfort S, Tillyard J, Ellis S, Hayes A, Hanson
ED, et al. Feasibility and adherence to moderate intensity
cardiovascular fitness training following stroke: a pilot
randomized controlled trial. BMC Neurol 2021; 21: 132.
https://doi.org/10.1186/s12883-021-02052-8

Moncion K, Rodrigues L, Wiley E, Noguchi KS, Negm A,
Richardson J, et al. Aerobic exercise interventions for pro-
moting cardiovascular health and mobility after stroke: a
systematic review with Bayesian network meta-analysis.
Br J Sports Med 2024; 58: 392. https://doi.org/10.1136/
bjsports-2023-107956

Marzolini S, Brooks D, Oh P, Jagroop D, MacIntosh BJ,
Anderson ND, et al. Aerobic with resistance training or aero-
bic training alone poststroke: a secondary analysis from a
randomized clinical trial. Neurorehabil Neural Repair 2018;
32:209-222. https://doi.org/10.1177/1545968318765692
Wang C, Xu Y, Zhang L, Fan W, Liu Z, Yong M, et al.
Comparative efficacy of different exercise methods to
improve cardiopulmonary function in stroke patients: a
network meta-analysis of randomized controlled trials.
Front Neurol 2024; 15: 1288032. https://doi.org/10.3389/
fneur.2024.1288032

Abbasian S, Rastegar Mm M. Is the intensity or dura-
tion of treadmill training important for stroke patients?
A meta-analysis. J Stroke Cerebrovasc Dis 2018; 27:
32-43. https://doi.org/10.1016/j.jstrokecerebrovas-
dis.2017.09.061

Lee ], Stone AJ. Combined aerobic and resistance training
for cardiorespiratory fitness, muscle strength, and walking
capacity after stroke: a systematic review and meta-ana-
lysis. J Stroke Cerebrovasc Dis 2020; 29: 104498. https://
doi.org/10.1016/j.jstrokecerebrovasdis.2019.104498
Boyne P, Billinger SA, Reisman DS, Awosika OO, Buckley S,
Burson J, et al. Optimal intensity and duration of walking
rehabilitation in patients with chronic stroke: a randomized
clinical trial. JAMA Neurol 2023; 80: 342-351. https://doi.
org/10.1001/jamaneurol.2023.0033

Ammann BC, Knols RH, Baschung P, de Bie RA, de Bruin ED.
Application of principles of exercise training in sub-acute and
chronic stroke survivors: a systematic review. BMC Neurol
2014; 14: 167. https://doi.org/10.1186/s12883-014-0167-2
Fujino Y, Fukata K, Inoue M, Okawa S, Okuma K, Kunieda
Y, et al. Examination of rehabilitation intensity according
to severity of acute stroke: a retrospective study.
J Stroke Cerebrovasc Dis 2021; 30: 105994. https://doi.
org/10.1016/j.jstrokecerebrovasdis.2021.105994

J Rehabil Med 57, 2025


https://doi.org/10.1080/09638288.2016.1206631
https://doi.org/10.1080/09638288.2016.1206631
https://doi.org/10.1177/1545968314532030
https://doi.org/10.1177/1545968314532030
https://doi.org/10.1016/j.kjms.2013.07.006
https://doi.org/10.1016/j.kjms.2013.07.006
https://doi.org/10.1080/10749357.2021.1922045
https://doi.org/10.3389/fneur.2022.963950
https://doi.org/10.3389/fneur.2022.963950
https://doi.org/10.1177/0269215506070701
https://doi.org/10.1177/0269215506070701
https://doi.org/10.3389/fneur.2023.1187666
https://doi.org/10.3389/fneur.2023.1187666
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.007
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.007
https://doi.org/10.3233/nre-203207
https://doi.org/10.3233/nre-203207
https://doi.org/10.1177/1545968314562116
https://doi.org/10.1016/j.apmr.2015.12.018
https://doi.org/10.1016/j.apmr.2015.12.018
https://doi.org/10.3390/jcm8122186
https://doi.org/10.3390/jcm8122186
https://doi.org/10.1016/j.apmr.2019.10.187
https://doi.org/10.1177/1545968309338193
https://doi.org/10.1177/1545968309338193
https://doi.org/10.1186/s12883-021-02052-8
https://doi.org/10.1136/bjsports-2023-107956
https://doi.org/10.1136/bjsports-2023-107956
https://doi.org/10.1177/1545968318765692
https://doi.org/10.3389/fneur.2024.1288032
https://doi.org/10.3389/fneur.2024.1288032
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.061
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.09.061
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104498
https://doi.org/10.1016/j.jstrokecerebrovasdis.2019.104498
https://doi.org/10.1001/jamaneurol.2023.0033
https://doi.org/10.1001/jamaneurol.2023.0033
https://doi.org/10.1186/s12883-014-0167-2
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105994
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105994
http://www.medicaljournals.se/jrm

