Brain Neurorehabil. 2024 Nov;17(3):e16 | ' I I I
https://doi.org/10.12786/bn.2024.17.e16

pISSN 1976-8753-eISSN 2383-9910 Brain & NeuroRehabilitation

Original Article The Impact of the Total Amount of

o Exercise Therapy on Post-Stroke
Activities of Daily Living and Motor
Function: A Meta-Analysis

Sun Im, Yeo Hyung Kim

Received: Aug 20, 2024 H I G H L I G HTS

Revised: Sep 24, 2024
Accepted: Oct 5, 2024
published online: Oct 22, 2024 » More exercise time improves daily living activities compared to less time spent.
« Higher intensity exercise enhances lower limb function more than lower intensity.

Correspondence to p s . o e ..
P « Increasing exercise is recommended, tailored to individual conditions post-stroke.

Yeo Hyung Kim

Department of Rehabilitation Medicine,
College of Medicine, The Catholic University
of Korea, 22 Banpo-daero, Seocho-gu, Seoul
06591, Korea.

Email: drkyh@catholic.ac.kr

Generated by

Xmlinkpress Copyright © 2024. Korean Society for Neurorehabilitation i


http://crossmark.crossref.org/dialog/?doi=10.12786/bn.2024.17.e16&domain=pdf&date_stamp=2024-10-22

Brain Neurorehabil. 2024 Nov;17(3):e16
https://doi.org/10.12786/bn.2024.17.e16
pISSN 1976-8753-elSSN 2383-9910

bnr

Brain & NeuroRehabilitation

Original Article

‘ '.) Check for updates ‘

The Impact of the Total Amount of
Exercise Therapy on Post-Stroke
Activities of Daily Living and Motor
Function: A Meta-Analysis

Sun Im @, Yeo Hyung Kim

Department of Rehabilitation Medicine, College of Medicine, The Catholic University of Korea, Seoul, Korea

Received: Aug 20, 2024
Revised: Sep 24, 2024
Accepted: Oct 5, 2024
Published online: Oct 22, 2024

Correspondence to

Yeo Hyung Kim

Department of Rehabilitation Medicine,
College of Medicine, The Catholic University
of Korea, 22 Banpo-daero, Seocho-gu, Seoul
06591, Korea.

Email: drkyh@catholic.ac.kr

Copyright © 2024. Korean Society for
Neurorehabilitation

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Sunim
https://orcid.org/0000-0001-8400-4911
Yeo Hyung Kim
https://orcid.org/0000-0002-3951-7205

Funding
None.

Conflict of Interest
The authors have no potential conflicts of
interest to disclose.

Author Contributions

Conceptualization: Im S, Kim YH; Data
curation: Im'S, Kim YH; Formal analysis:

Im S, Kim YH; Funding acquisition: none;
Investigation: Im S, Kim YH; Methodology: Im

https://e-bnr.org

ABSTRACT

Although the benefits of exercise therapy in stroke rehabilitation are well-documented, the
optimal amount remains a matter of debate. This study investigated the impact of the total
amount of exercise therapy on clinical outcomes in adult patients with stroke. We conducted
a comprehensive search of three major international databases (Medline, Embase, and the
Cochrane Library) and included 18 randomized controlled trials that compared the effects of
different amounts of exercise therapy on activities of daily living, upper limb function, lower
limb function, and adverse events in stroke patients. We performed a risk of bias assessment,
conducted a meta-analysis using a random-effects model, and evaluated the certainty of

the evidence. The results indicated that more time spent in exercise therapy significantly
improved activities of daily living compared to less time (standardized mean difference
[SMD], 0.18; 95% confidence interval [CI], 0.06, 0.30; p = 0.002), with moderate evidence.
Additionally, higher intensity of exercise therapy enhanced lower limb function compared

to lower intensity (SMD, 0.66; 95% CI, 0.18, 1.13; p = 0.007), with a low level of evidence.

No significant differences were found in the incidence of adverse events. Based on these
findings, physicians may consider increasing the total amount of exercise therapy for stroke
patients in order to improve their activities of daily living and motor function, while carefully
considering each patient's neurological and medical condition.

Keywords: Activities of Daily Living; Exercise Therapy; Recovery of Function;
Stroke Rehabilitation; Time

INTRODUCTION

The total amount (dosage) of exercise therapy prescribed in rehabilitation medicine is
determined by the frequency, duration, and intensity of the exercise [1,2]. Although the
benefits of exercise therapy for stroke patients are well recognized, debate continues regarding
the optimal total amount of exercise therapy. Many experts now believe that, barring any
contraindications, increasing the total amount of exercise therapy for stroke patients could
lead to improved outcomes [2,3]. However, a 2021 Cochrane review indicated that increasing
the duration of the same type of therapy during post-stroke rehabilitation has little to no effect
on activities of daily living or on the function of the upper and lower limbs [4].
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Clinical guidelines from Australia (2017) and Canada (2019) do not include recommendations
regarding the total amount of exercise therapy [5,6]. The Clinical Practice Guideline for Stroke
Rehabilitation in Korea 2016 strongly recommends increasing the intensity (or amount) of
therapy to enhance treatment effects in stroke patients (recommendation level A, evidence
level 1+) [7]. However, this earlier guideline conflates terms related to the intensity, frequency,
and duration of exercise therapy. Additionally, since the evidence was derived from studies on
various types of rehabilitation therapies—including speech therapy, swallowing therapy, and
electrotherapy, as well as exercise therapy—the recommendation for the intensity of exercise
therapy lacks sufficient support. Therefore, a revision of the recommendation has been
deemed necessary to clearly define the amount of exercise therapy.

Disagreements surrounding the optimal amount of exercise therapy arise from challenges in
determining the appropriate total amount for stroke patients. The variability in neurological
status among stroke patients, influenced by the time elapsed since the stroke, and the high
prevalence of comorbid conditions in older patients further complicate efforts to increase
the total amount of exercise therapy indefinitely. Additionally, existing studies on this
subject often lack clear and consistent definitions regarding the total amount, frequency,
intensity, and duration of exercise therapy, which makes it difficult to draw definitive and
comprehensive conclusions [4].

To date, it remains unclear whether a higher total amount of exercise therapy offers clinical
benefits compared to a lower amount in stroke patients. Therefore, this meta-analysis aims
to combine evidence from existing randomized controlled trials (RCTs) to elucidate the
impact of the total amount of exercise therapy on clinical outcomes in adult stroke patients
aged 18 years and older. Clinical outcomes included activities of daily living, upper limb
function, lower limb function, and adverse events.

MATERIALS AND METHODS

Study protocol and review criteria

This meta-analysis was conducted as part of the development of the Clinical Practice Guideline
for Stroke Rehabilitation in Korea—DPart 1: Rehabilitation for Motor Function (2022) [8].
Although the protocol for this study was not registered on a formal registration website, it was
established prior to the meta-analyses during steering meetings for guideline development.

The key question of the present study was articulated as follows: "Does a higher total
amount of exercise therapy (Intervention, I) improve activities of daily living, upper limb
function, lower limb function, and adverse events (Outcomes, O) in stroke patients aged 18
years and older (Patient, P), compared to a lower total amount of the same exercise therapy
(Comparison, C)?" We included RCTs that compared the effects of different total amounts of
the same exercise therapy across groups. RCTs that compared different types of exercise or
included a control group that did not perform exercise therapy were excluded.

Literature selection and risk of bias assessments

Based on previous studies and clinical practice guidelines [4-10], we identified appropriate
search terms. Six literature search specialists conducted the search, which included
publications up to February 28, 2022, across three databases: Medline, Embase, and the
Cochrane Library. Detailed search terms and strategies are outlined in Supplementary Table 1.
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The studies included in this analysis were carefully selected according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Fig. 1). Two
authors, SI and YHK, independently assessed and chose the relevant studies. Following the
final selection of included RCTs, these same authors independently evaluated the RCTs using
the Cochrane Risk of Bias 1.0 tool. In cases of disagreement, the authors resolved issues
through detailed discussions.

Meta-analysis

A meta-analysis was conducted using Review Manager 5.4 (RevMan, Cochrane Collaboration,
Oxford, UK). To estimate heterogeneity across studies, the I? statistic was employed, which
evaluates the percentage of total variation. Substantial heterogeneity was defined as an I?
value greater than 50.0%. For the meta-analysis, the finally included RCTs were categorized

Identification of new studies via databases and registers

Studies included in | | Records identified through database searching
previous version of Medline (n = 13,532), Embase (n = 30,421),
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Fig. 1. PRISMA flowchart.

Duplicate records removed (n =14,360)

i

Records screened Records excluded
(n=39,001) (n=38,659)

i

Records sought for retrieval Reports not retrieved
(n=342) (n=7)

l

Reports assessed for eligibility |_,| Reports excluded: (Total n = 317)

(n =335) - Non-randomized controlled trials (n = 21)

- Systematic review/meta-analyses (n = 32)

- Conference abstracts (n = 92)

- Narrative review/editorials/animal studies (n = 22)

- Studies including diseases other than adult stroke (n = 5)

- Studies not including physical exercise (n = 27)

- Studies not including the amount of physical exercise
(n=3)

- Studies comparing the dose of different type of physical
exercise (n = 51)

- Studies without comparator group (n = 56)

- Studies not including outcome parameters (n = 4)

- Studies in languages other than English or Korean (n =1)

- Pilot studies in which the final data were published
elsewhere (n=1)

- Duplicated (n =2)

4

Total studies included in quantitative synthesis

(n=18)

PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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into groups according to whether they had a higher or lower total amount (time, intensity)

of exercise therapy. The outcome variables of the current study included both continuous
(activities of daily living, upper limb function, and lower limb function) and dichotomous
(adverse events) variables. During the analyses, continuous outcome variables were analyzed
using random effects models with the inverse variance estimation method, and the results
were presented as the standard mean difference with 95% confidence intervals (Cls). The
dichotomous outcome variable was analyzed using a random effects model with the Mantel-
Haenszel estimation method, and the results were presented as risk ratios (RRs) with 95% CIs.

Certainty of evidence evaluation

The certainty of evidence was assessed using the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) method, which categorizes evidence into high,
moderate, low, or very low levels [11]. Given that this study exclusively involved RCTs, the
initial certainty of evidence was considered high. Subsequently, the level of evidence was
adjusted according to the guidelines, either being maintained or downgraded. Factors such
as risk of bias, inconsistency, indirectness, imprecision, and publication bias were taken

into account during this evaluation. Two authors, SI and YHK, independently assessed the
certainty of evidence, and any disagreements were resolved through discussion.

RESULTS

Study characteristics

Following a comprehensive screening of studies using the PRISMA method, we included a total
0f 18 RCTs in our meta-analyses. Of these, 16 RCTs compared groups that varied in the total
amount of exercise therapy, which was determined by modifying the frequency and duration

of identical exercises [12-27]. In our analysis, we defined the subgroup that engaged in a higher
total amount of exercise therapy as the "more time" subgroup, and the one with a lower total
amount as the "less time" subgroup. Two additional studies differentiated subgroups by varying
the intensity of the exercises [28,29]. In these cases, the subgroup engaging in a higher total
amount of exercise was labeled as the "higher intensity" subgroup, and the one with a lower
total amount as the "lower intensity" subgroup. For studies that divided the total amount of
exercise into more than two subgroups, we compared the subgroups with the highest and
second-highest amounts, based on expert opinion and consensus.

Among the included studies, some reported that increased time spent in exercise therapy led
to significant improvements in activities of daily living, upper limb function, and lower limb
function compared to those who spent less time in exercise therapy [13-15,18,19,21,25-27].
However, other studies found no significant differences in activities of daily living, upper
limb function, and lower limb function between groups that spent more time and those that
spent less time in exercise therapy [12,16,17,20,22,23]. The tools used to assess activities of
daily living outcome included the Motor Activity Log, Functional Independence Measure,
Barthel Index, and Modified Rankin Scale. For upper limb function outcome tool, the Wolf
Motor Function Test, Action Research Arm Test, upper extremity items from the Fugl-Meyer
Assessment, and the arm section of the Motricity Index were used. Lower limb function
outcomes were walking speed, the 6-minute walk test, the Rivermead Mobility Index, and
the 5-meter timed walk. The detailed characteristics, including the total amount of exercise
therapy and outcome measures for the 18 included studies, are presented in Supplementary
Table 2. The results of the risk of bias assessment for all included studies are summarized in
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Fig. 2. The forest plots of the meta-analyses and the results of the risk of bias assessment for
the included studies are shown in Figs. 3-7.

Activities of daily living

To evaluate the impact of the amount of exercise therapy on activities of daily living, we
analyzed 10 RCTs [12-14,17-19,22,25-27]. As shown in Fig. 3, the meta-analysis revealed
that more time spent in exercise therapy significantly improved activities of daily living
performance compared to the less time group (standardized mean difference [SMD], 0.18;
95% CI, 0.06, 0.30; p = 0.002).

Upper limb function
We analyzed eight RCTs to evaluate upper limb function outcomes [13,14,16,18-20,22,27],
with the results presented in Fig. 4. There was no significant difference in upper limb
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Fig. 3. Forest plot and risk of bias for activities of daily living as an outcome.
SD, standard deviation; 1V, inverse-variance; Cl, confidence interval.

More time Less time $td. Mean Difference Std. Mean Difference Risk of Bias
Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI ABCDEFG
Abdullahi 2018 371 084 11 379 082 12 102%  -010[0.82,072
Burgar 2011 09 124 17 OF 087 19 159% 018 [0.47,0.84] R
Donaldson 2008 418 1783 10 45 1383 8 FA%  -019[1.12,074) E—
Han 2013 108 3B 10 87 4E2 10 BA% 0.51 [0.28,1.40) S E—
Hsieh 2012 5114 2307 18 4614 2324 18 159% 0.21 -0.44,0.87] B
Hunter 2011 141 1908 20 1372 1603 18 16.8% 0.02 062, 0.68] —
Lang 2016 3I 2B 18 357 143 17 155% 0.09 [-0.58, 0.75) B e
Winstein 2019 TAT 118 11 787 1455 10 93%  -0.03[0.89,0.83 S E—
Total (95% CI) 15 112 100.0% 0.10 [-0.17,0.36] ?
Heterogeneity: Tau?= 0.00; Chi*=1.72, df = 7 (P = 0.87); F= 0% 5 4 ] 1 J

Testior overall effect 2=10.72 (P = 0.47) Favours Less time Favours More time

Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (aftrition bias)

(F) Selective reporting (reporting bias)

(@) Other bias

Fig. 4. Forest plot and risk of bias for upper limb function as an outcome.
SD, standard deviation; IV, inverse-variance; Cl, confidence interval.

function between the “more time” and “less time” exercise therapy groups (SMD, 0.10; 95%
CI, -0.17, 0.36; p = 0.47).

Lower limb function

For lower limb function outcomes, we analyzed six RCTs and presented the results in Fig. 5
[12,15,17,21,23,25]. No significant difference was observed in lower limb function between
the “more time” and “less time” exercise therapy groups (SMD, 0.16; 95% CI, -0.03, 0.35;
p = 0.10). Two RCTs comparing the higher-intensity and lower-intensity groups used lower
limb function as an outcome measure [28,29]. As shown in Fig. 6, higher-intensity exercise
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Table 1. Evidence summary

Amount Outcomes Importance Number of participants (studies) Certainty of evidence (GRADE) Statistical method Effect size
Time Activities of daily living 7 1,136 (10) Moderate SMD (IV, random, 95% CI) 0.18 (0.06, 0.30)
Time Upper limb function 6 227 (8) Low SMD (IV, random, 95% CI) 0.10 (-0.17, 0.36)
Time Lower limb function 8 967 (6) Moderate SMD (IV, random, 95% CI) 0.16 (-0.03, 0.35)
Intensity  Lower limb function 8 72 (2) Low SMD (IV, random, 95% CI) 0.66 (0.18, 1.13)
Time Adverse events 6 279 (2) Very low RR (M-H, random, 95% CI) 1.37 (0.60, 3.16)

GRADE, Grading of Recommendations Assessment, Development and Evaluation; SMD, standardized mean difference; 1V, inverse-variance; Cl, confidence
interval; RR, risk ratio; M-H, Mantel-Haenszel.

therapy significantly improved lower limb function compared to lower-intensity exercise
therapy (SMD, 0.66; 95% CI, 0.18, 1.13; p = 0.007).

Adverse events

As presented in Fig. 7, two studies compared serious adverse events [17,24], with no
significant differences found in the meta-analysis (RR, 1.37; 95% CI, 0.60, 3.16; p = 0.46).
The adverse events monitored in these studies included death, stroke recurrence, and falls.

Certainty of evidence

Using the GRADE system, the evidence was rated as moderate for activities of daily living,
low for upper limb function, moderate (time) and low (intensity) for lower limb function,
and very low for adverse events. No serious risk of bias, inconsistency, indirectness, or
publication bias was observed, but the small number of participants for adverse events led to
avery low evidence level.

Recommendation

The results of meta-analyses and the evidence level for each outcome are summarized in
Table 1. Based on these findings, the recommendation for the key question is as follows: "In
stroke patients, to enhance activities of daily living and motor function, the total amount of
upper and lower limb exercise therapy may be increased, taking into account the patient's
neurological and medical status." The recommendation grade is "conditional recommend,"
with a "low" level of evidence.

DISCUSSION

Our meta-analyses have shown that increasing the total amount (time) of exercise therapy
can lead to significant improvements in activities of daily living. Similarly, augmenting the
intensity of exercise therapy can significantly improve lower limb function. Additionally,
increasing the total amount of exercise therapy did not lead to an increase in adverse

events. Therefore, it is feasible to augment the total amount of exercise therapy, tailored

to the patient's condition, to improve daily living activities and motor functions in stroke
patients. Based on the findings of our meta-analysis and expert opinions from the field of
rehabilitation, we recommend that physicians consider increasing the total amount of exercise
therapy for stroke patients to improve activities of daily living and motor function, taking into
account the patients' neurological and medical conditions. However, due to the small sample
sizes in most studies, larger-scale RCTs are necessary to provide stronger evidence.

The present study provides evidence supporting an increase in the total amount of exercise
therapy for stroke patients. Rehabilitation specialists can extend the total exercise time to
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improve activities of daily living and intensify the exercise to enhance lower limb function in
these patients. However, concerns about potential adverse effects remain due to the lack of
evidence regarding the safety of higher-intensity exercise therapy. Given the high prevalence
of comorbid conditions such as cardiovascular disease and diabetes among stroke patients,
individualized approaches are essential. Currently, there is no standard measure for the
absolute amount of total exercise therapy due to variations in therapy protocols and patient
characteristics among individuals with stroke. Additionally, it was not possible to compare
the total amount of exercise therapy across studies involving different types of exercise.
Therefore, our meta-analysis only included studies that varied the total amount of the

same type of exercise. To establish stronger evidence, large-scale RCTs that precisely define
and compare the total amount (frequency, intensity, and duration) of exercise therapy are
necessary. Furthermore, a methodology to compare the total amount of different types of
exercise therapy should be developed.

Facilitators for increasing the total amount of exercise therapy include the willingness of
patients and caregivers to engage in intensive therapy. Patients who have experienced a stroke
and their caregivers often seek more extensive exercise therapy to achieve better functional
recovery and minimize impairments and disabilities. The primary barrier to increasing the
total amount of exercise therapy is the absence of standard guidelines and a lack of sufficient
evidence regarding safety. Additionally, patients may not be fully aware of the potential
adverse effects that can arise from increasing the amount of exercise therapy, especially

due to the unclear standards for determining optimal amounts. Therefore, it is necessary

to carefully weigh the medical benefits against the risks of adverse events on an individual
basis. Community-based exercise programs or group therapies may be advantageous for
neurologically and medically stable patients who have a low cardiovascular risk.

To increase the total amount of exercise therapy, the most preferred method involves
extending the frequency or duration of exercise therapy sessions. However, this approach
necessitates additional therapy personnel, enhanced rehabilitation facilities, and increased
insurance coverage support, leading to substantial costs. Consequently, alternative strategies
are essential to augment exercise therapy without significantly escalating healthcare
expenses. For instance, the exercise obtained solely through individual rehabilitation
sessions with a physical therapist might be both insufficient and costly. Therefore, it is crucial
to explore and assess various options, such as creating exercise education programs that
stroke patients can independently follow or encouraging group rehabilitation activities in
community settings outside of hospitals.

The limitations of this study should be acknowledged. Given the scarcity of research
analyzing the individual effects of frequency and duration, our analysis focused on the

total time spent in exercise therapy, as determined by frequency and duration. Among the
included studies, only two evaluated the effects of intensity, and none assessed the potential
adverse effects of increasing exercise intensity. Due to the limited number of RCTs examining
the impact of exercise therapy on clinical outcomes, we cannot provide strong evidence.
Additionally, the small sample sizes in most studies hinder the generalizability of the
findings to the broader population. Although we conducted a meta-analysis on the effects of
exercise therapy, the lack of a standardized exercise protocol, coupled with methodological
variations across studies, precludes recommending an optimal total amount of exercise
therapy based solely on our results. Furthermore, while neurological status changes over
time post-stroke, the number of studies is insufficient to conduct separate meta-analyses
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for acute, subacute, and chronic stages. Future research should include large-scale RCTs to
examine the effects of frequency, duration, intensity, and type of exercise, as well as their
specific combinations across various post-stroke stages.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Search terms and strategies

Supplementary Table 2
Characteristics of included studies
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