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Abstract

Background In 2020, the World Health Organization (WHO) released the first global physical activity and sedentary
behaviour guidelines for children and adults living with disability. The evidence informing the guidelines though

is not specific to people living with traumatic brain injury (TBI), but rather comes from other disabling conditions
such as Parkinson’s disease, and stroke. There remains a clear lack of direct evidence of the effects of physical activity
for people living with TBI. The objective of this rapid review was to identify direct evidence of the effect of physical
activity on health outcomes in people with moderate-to-severe TBI to inform adaptation of the WHO physical activity
guidelines into clinical practice guidelines.

Methods We conducted a rapid systematic review with meta-analysis of randomised controlled trials, including
people of any age with moderate-to-severe TBI, investigating physical activity interventions compared to either usual
care, a physical activity intervention with different parameters, or a non-physical activity intervention. Four databases
(CENTRAL, SPORTDiscus, PEDro, Ovid MEDLINE) were searched from inception to October 8, 2021. The primary out-
comes were physical function, cognition, and quality of life.

Results Twenty-three studies were included incorporating 812 participants (36% females, majority working-age
adults, time post-TBI in studies ranged from 56 days (median) to 16.6 years (mean)). A range of physical activity inter-
ventions were evaluated in rehabilitation (n =12 studies), community (n=8) and home (n = 3) settings. We pooled
data from the end of the intervention for eight outcomes. Participation in a virtual reality physical activity intervention
improved mobility, assessed by the Community Balance and Mobility Scale (range 0 to 96; higher score indicates bet-
ter mobility) more than standard balance training (two studies, 80 participants, Mean Difference =2.78, 95% Cl 1.40
to 4.16; low certainty evidence). There was uncertainty of effect for the remaining outcomes, limited by small sample
sizes, diverse comparators and a wide range of outcome measures.
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Conclusion This review consolidates the current evidence base for the prescription of physical activity for people
with moderate-to-severe TBI. There remains a pressing need for further rigorous research in order to develop practice
guidelines to support clinical decision-making when prescribing physical activity in this population.

Keywords Traumatic brain injury, Disability, Physical activity, Rapid review, Meta-analysis

Background

Traumatic brain injury (TBI) is a leading cause of death
and long-term disability across all ages [1, 2], and can
occur at any time across the lifespan [3]. TBI can have
both acute and chronic effects, leading to reduced inde-
pendence and poorer quality of life [4]. People living
with TBI exhibit cardiorespiratory dysfunction and exer-
cise intolerance, putting them at high risk of developing
chronic health conditions, such as cardiovascular disease
(5, 6].

Physical activity can reduce the risk of chronic health
conditions for people living with disability and improve
overall mood, cognition, and quality of life [7, 8]. Except
people living with TBI are typically inactive [9-12] due
to injury-related physical and psychosocial outcomes
[13, 14], and environmental/accessibility barriers to par-
ticipation [15]. Those who are most profoundly inactive
account for a disproportionately high percentage of the
deaths [16] and healthcare costs [17]. This is particularly
the case for people living with moderate-to-severe TBI,
who are predominantly more inactive, and contribute
disproportionally more to the healthcare burden than
people living with mild TBI [18, 19]. While people with
moderate-to-severe TBI tend to be inactive throughout
their course of recovery, they show an increased risk of
developing chronic disease and mortality at 3.5 years
post injury [6]. Strategies which target the most inactive
and aim to improve cardiovascular health, physical func-
tion, cognition, and quality of life across the continuum
of care are urgently required [20].

In 2020 the World Health Organization (WHO)
released the first global physical activity and sedentary
behaviour guidelines for children and adults living with
disability [8]. The evidence used to inform the develop-
ment of the guidelines is from healthy populations and
several clinical populations, including Parkinson’s dis-
ease, and stroke. Critically, the guidelines do not include
direct evidence of the effects of physical activity for peo-
ple living with TBI or include studies undertaken as part
of rehabilitation. This rapid review aims to address this
evidence gap.

A rapid review was chosen as “a form of knowledge
synthesis that accelerates the process of conducting a
traditional systematic review...to produce evidence for
stakeholders in a resource-efficient manner” [21]. The

primary objective of this rapid review was to assess the
effects of physical activity on physical function, cogni-
tion, and quality of life across the lifespan and contin-
uum of care for people living with moderate-to-severe
TBI. Secondary objectives were to assess the effects of
physical activity on mortality, comorbid conditions,
mood, participation and levels of physical activity.
Along with other studies planned and underway by our
research team, this review will contribute to the adap-
tation of WHO guidelines into clinical practice guide-
lines for Australian healthcare services working with
children, adolescents, adults, and older adults living
with moderate-to-severe TBI

Methods

A rapid systematic review was used to perform an
accelerated, time-limited review of relevant TBI litera-
ture [21]. The Cochrane Rapid Review Methods Group
Guidelines [22] were adhered to in performing this
review, and reporting followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Appendix 1) [23]. This review
has been completed in accordance with the study pro-
tocol registered in PROSPERO (CRD42021284036)
prior to commencement. There were no deviations
from the protocol registered on PROSPERO.

Search strategy

A systematic literature search of four databases (CEN-
TRAL, SPORTDiscus, PEDro and Ovid MEDLINE)
was performed to capture appropriate studies from
database inception to October 8, 2021 (see Appendix 2
for the full search strategy for all four databases). The
search strategy was developed by authors LH and KP
and reviewed by a University of Sydney Health Sciences
librarian. The MEDLINE search strategy was inde-
pendently peer reviewed by a colleague with expertise
in TBI and conducting systematic reviews. Reference
lists of relevant systematic reviews, trial registries and
protocols, and included full-text articles, were hand
searched to ensure no studies were overlooked. Non-
English language studies, non-human studies, and con-
ference abstracts were excluded.



Johnson et al. BMC Public Health 2023,23(1):63

Study selection criteria

Study type

Randomised controlled trials (RCTs) testing the effects of
physical activity on health outcomes in people with mod-
erate-to-severe TBI were targeted for inclusion. Cross-
over RCTs were also included, but only data reported
from the first phase of the cross-over trial.

Population

Trials involving people of any age with moderate-to-
severe TBI at any time post-injury, and only studies
where at least 50% of participants had a moderate-to-
severe TBI (or for whom separate data for participants
with TBI were available) were included. Where not
specifically indicated in the article, authors were con-
tacted for further details on the injury severity of the
participants included in their study. If no response was
forthcoming, the study was excluded from the review.
Moderate injury was defined as post-traumatic amnesia
(PTA) [24] between one to seven days and/or an altered
level of consciousness (Glasgow Coma Scale {GCS} [25]
score 9 to 12) or loss of consciousness between 30 min
and 24 h post-trauma. Severe injury was defined as PTA
duration longer than seven days, or a period of coma
with GCS score of eight or less or a loss of consciousness
greater than 24 h [26].

Intervention

We considered a physical activity intervention to be any
intervention that would contribute to the participant
meeting the WHO physical activity guidelines. This
includes structured exercise (i.e., aerobic; strength; gait/
balance/functional; or multicomponent training), sport
and physical recreation, or any intervention that aimed
to promote overall physical activity (e.g., health coaching,
pedometer programs). The physical activity may be deliv-
ered as a standalone intervention or as part of a reha-
bilitation package and may be supervised or self-led. The
intervention may be implemented at any point along the
continuum of care and in any setting. The physical activ-
ity intervention had to be of a minimum two-weeks dura-
tion and could be prescribed alone or as a component of
an intervention, where physical activity is >50% of the
intervention. In instances where physical activity was
‘assisted’ (i.e., robotics, body-weight support), studies
were included if the intervention required the participant
to produce at least 50% voluntary/unassisted activity.

Comparator

To be eligible, studies had to compare one or more
groups that completed a physical activity intervention to
either (i) usual care, (ii) a physical activity intervention
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with different parameters, such as dose, setting, or super-
vision, (iii) a non-physical activity intervention, or (iv) no
intervention.

Outcome measures

We included any relevant health-related outcomes under
the following outcome domains: physical function, cog-
nition, and quality of life (primary objectives); physical
activity, participation, comorbidities and mortality, and
psychological function (secondary objectives). We also
assessed the incidence of adverse events in the included
studies. The outcomes used in this review are aligned
with those evaluated in the development of the WHO
physical activity and sedentary behaviour guidelines for
people living with disability [8], as well as additional out-
comes considered by the authors (including people with
lived experience) of importance for people living with
moderate-to-severe TBI.

Data management and selection procedure

Articles were initially imported into Endnote before
duplicates were removed and the remaining records
were imported into a web-based data management plat-
form (Covidence 2020 v1517, Melbourne, Australia)
for screening. Using the eligibility criteria, a team of
six reviewers screened the titles and abstracts of the
imported studies. Initially, the same 50 records were
screened by the entire screening team to calibrate and
test the review form. Then, two reviewers independently
screened all remaining records, with conflict resolu-
tion completed by a third reviewer (L]). The same team
of reviewers completed the full text screening. Each full
text record was screened by two reviewers indepen-
dently, with studies excluded based on the predetermined
exclusion criteria. Conflict resolution was completed by a
third reviewer (L]).

Data extraction

Data extraction was completed by a single reviewer from
the review team using a self-developed, customised data
extraction template in a Microsoft Excel spreadsheet. A
second reviewer (L]) checked the extracted data for cor-
rectness and completeness. The data extraction form was
developed and piloted on two studies initially by two
reviewers (SC and LJ). Data extraction included informa-
tion on study design, setting, location, sample size, sam-
ple characteristics, intervention components, outcome
measures, and key findings. In instances of mixed study
populations (i.e., mild, moderate and severe TBI, TBI and
other acquired brain injuries), where possible, only mod-
erate-to-severe TBI data were extracted. If this was not
possible, group data was used in the synthesis and analy-
sis. Where multiple measures were used in a single study
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to assess the same, or similar, construct, the authors
chose the measure they believed most appropriately
measured the construct given their experience in the field
and knowledge of the literature.

Quality appraisal

Study quality was assessed using the Physiotherapy Evi-
dence Database (PEDro) scale [27]. Quality assessments
of RCTs included in the review were obtained from the
PEDro database (see http://www.pedro.org.au). Every
study was assigned a score (0—10), with a lower rating
indicating a higher risk of bias, while a score of >7 repre-
sents a study of moderate to high quality [28]. No studies
were excluded based on the quality appraisal.

Data synthesis

We synthesised the details of the population, interven-
tion, comparison and measured outcomes in Tables 1
and 2. For outcomes measured on the same scale, we cal-
culated the mean difference (MD) (difference in means)
and 95% confidence intervals (CI) using a random-effects
model. Where outcomes were measured using differ-
ent assessments/measures, we calculated the stand-
ardised mean difference (SMD) (Hedges’ g) and 95% CI
using a random-effects model to pool estimates. Mean
and standard deviations were used where reported in
the included studies. Where median and interquartile
range (IQR) were reported, the mean and SD were cal-
culated as per the quantile estimation method described
by McGrath et al. (2020) [29]. Where change scores
were reported, these were pooled with end of interven-
tion and/or end of follow-up scores for analysis but are
presented for these studies as separate subgroups [30].
Where data were reported in figures only in the included
studies, we used WebPlotDigitizer [31] to extract numeri-
cal data. Effect sizes were categorised as small (0.1 to 0.4),
medium (0.5 to 0.7) or large (0.8 or greater) [32]. Hetero-
geneity was determined by visual inspection of the forest
plots and with consideration of the I? test. Interpreta-
tions of the effect of the intervention were based on vis-
ual inspection of the forest plots (i.e., similarity of point
estimates, overlapping of confidence intervals), the tests
of significance and the confidence intervals presented in
the forest plots generated. We did not test for publica-
tion bias due to the small number of studies included in
the meta-analysis. Overall grading of the evidence related
to each primary outcome that was synthesised in meta-
analysis was determined using the GRADE approach
[33]. For outcomes not included in the meta-analysis, we
calculated the MD and 95% ClIs for each outcome at end
of intervention and end of follow-up where indicated.
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Results

Search results and overview

The literature search yielded a total of 5,245 articles, of
which 4,353 were screened for eligibility after duplicates
were removed. A total of 4,073 were excluded following
title and abstract screening, leaving 297 articles for full
text review. Following full-text screening, 272 papers
were excluded as they did not satisfy the inclusion crite-
ria of this review. This left 25 articles describing 23 stud-
ies. (Flow of records is summarized in Fig. 1).

Study characteristics

Of the 23 included studies, two employed a cross-over
trial design [35, 36, 55], one of which contributed two
articles in this review [35, 36]. One study included a sec-
ondary analysis of a previously published RCT [49] which
was also included in this review [50].

Participant characteristics

A total of 812 participants were included in the 23
included studies (Experimental=404; Control=408;
Table 1), including 296 (36%) females. One study included
a paediatric population only [52], while the range of the
average age of the remaining 22 studies was 22 to 52
years. Only three studies included a mixed neurological
population [34, 47, 52], and the TBI-specific data was
acquired from one of the study’s authors and is included
in this review [34]. Time post-TBI of the participants in
the included studies ranged from 56 days (median) to
16.6 years (mean).

A measure of TBI severity was reported in 12 (52%) of
the included studies. Injury severity was measured using
the GCS [40, 53-55], length of PTA [36, 38, 40, 49, 51,
53-55], and length of loss of consciousness [36, 55]. Thir-
teen studies reported on the number of participants with
moderate (n=34) and severe (#=300) TBI included in
the research. The corresponding authors of the other 10
studies confirmed that all, or the majority, of participants
in these studies were moderate-to-severe TBI.

Intervention characteristics

A range of physical activity interventions were evaluated
in rehabilitation (=12 studies), community (»=28) and
home (n=3) settings (Table 2). These included struc-
tured gait/balance/functional exercise (n=12 studies),
structured multicomponent exercise (n=5), structured
aerobic training (n=2), sport and physical recreation
(n=2) and promoting overall physical activity (n=2).
The length of the interventions in the included stud-
ies ranged from four to 14 weeks (mean =28 weeks). The
frequency of the interventions ranged from one to seven
times per week, and the duration of the exercise ses-
sions ranged from 15 to 90 min. The interventions in
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the included studies were most prescribed as individual
training, with eight studies delivering the intervention as
group training [37, 38, 43-45, 48, 51, 53]. All interven-
tions included some amount of supervision, with physi-
otherapists most commonly providing the supervision.

Comparator characteristics

There were nine (39%) physical activity comparators, and
six (26%) non-physical activity comparator interventions
in the included studies (Table 1). A wait-list or no inter-
vention was used as a comparator in five (22%) studies,
while no additional intervention (i.e., only usual rehabili-
tation) was applied in three (13%) studies.

Outcome measures

Across the 23 included trials, > 80 health-related outcome
measures were assessed and reported on. Most reported
were measures of physical function, which included
measures of mobility using a composite measure (n=11
studies), walking (n=7), balance (n=12), a global meas-
ure of function (n=3), cardiorespiratory fitness (n=6),
muscle strength (#=2), body composition (#=3), and
fatigue (n=4). Of the other primary outcomes, three
studies measured cognition and seven studies measured
quality of life. Of the secondary outcomes of interest,
nine studies measured mood, four studies measured par-
ticipation, and two studies measured physical activity. No
studies measured comorbidities and/or mortality in peo-
ple with moderate-to-severe TBL

Adverse events

Of the 23 included studies, nine (39%) explicitly
reported whether adverse events had occurred or not
[34, 39, 42, 49, 52, 53, 55, 56, 58]. In total, seven adverse
events were recorded, and all were from the interven-
tion group. One study reported the occurrence of six
adverse events (three participants experienced mus-
culoskeletal pain, one experienced visual disturbance,
one experienced a restriction on social outings, and
one expressed feelings of depression) [49]. In one other
study, a participant experienced the re-emergence of
epileptic seizures [54].

Quality appraisal

Table 1 summarizes the quality assessment of the 23
included studies. Based on the PEDro criteria, 9 of the 23
included studies were of moderate to high methodologi-
cal quality (i.e., scored > 7 points) [28].

Effects of physical activity
Meta-analyses for the included outcomes are presented
below and in Figs. 2, 3 and 4. We applied the GRADE
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criteria to rate the quality of the evidence for each of
the primary outcomes (see Appendix 3 for justifica-
tion for each rating). We pooled data from the end of
intervention for eight outcomes (composite mobil-
ity, walking speed, balance, cardiorespiratory fitness,
body composition, fatigue, quality of life, and mood).
For six of the eight pooled outcomes (cardiorespira-
tory fitness, body composition, fatigue, quality of life,
and mood), different studies used different outcome
measures.

Differences between the comparison interventions
in the included studies and the reporting of inconsist-
ent data meant that for all outcome measures pooled,
not all studies could be included in meta-analysis. A
decision was also made to not pool primary outcomes
together for meta-analysis due to the heterogene-
ity, including diverse interventions and comparators,
and risk of bias (Appendix 3) of the included studies.
Data from studies not included in meta-analysis are
described in Appendix 4. There was no clear effect of
physical activity on these outcomes.

The remaining outcomes (i.e., global function, other
mobility, muscle strength, cognition, physical activity,
and participation) were not pooled due to too many
single study outcomes, the absence of data reported for
the outcome, and the considerable heterogeneity among
the included studies. In studies that measured global
function [34, 41, 58], muscle strength, [43, 52], cogni-
tion [54-56], and physical activity [36, 37], there was
no clear effect of physical activity on these outcomes
(Appendix 4).

Two studies measured mobility by number of sit-to-
stand repetitions at end of intervention [40, 52]. Signifi-
cant improvements in sit-to-stand performance were
found in the experimental groups. Four studies measured
participation at end of intervention [37, 38, 49, 57], and
three studies measured participation at end of follow-up
[38, 49, 57]. In one study, the experimental group was
significantly more successful than the control group at
achieving the intervention goals (by percentage) at end of
intervention [49]. The data for these outcome measures
are described in Appendix 4.

Meta-analysis

Effect of physical activity on physical function, cognition
and quality of life (primary objective)

Physical function

Composite mobility measures We pooled the immedi-
ate effect of intervention on Community Balance and
Mobility Scale (range 0 to 96; higher score indicates
better mobility) data from two studies [56, 57]. The
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screening:.

Databases (n = 5,245)

Identification

[

I

Records screened in
Covidence (n = 4,353)

Duplicate records removed
(n=2892)

Duplicate records removed from

Records retrieved from
reference lists of systematic
reviews and trial registries
(n=17)

A4

Reports sought for retrieval

A4

Covidence (n =99)
Records excluded (n = 3,974)

Reports not retrieved (n = 0)

Screening

(n=297)

v

Reports assessed for

A4

Reports excluded (n = 272):

eligibility (n =297)

Studies included in review
(n =23 studies, 25
publications)

[ Included ] [

Fig. 1 Results of a systematic search process [60]

meta-analysis showed that participants randomised to
virtual reality exercise improved their mobility com-
pared to usual balance training control participants
(two studies, 80 participants; MD =2.76; 95% CI 0.75
to 4.77; low certainty evidence; Fig. 2A). One study
also measured mobility at end of follow-up [57]. There
appeared to be a favourable effect of the interven-
tion on mobility maintained at end of follow-up (one
study, 58 participants; MD =2.80, 95% CI 0.89 to 4.71;
Fig. 2A).

Walking We pooled the immediate effect of interven-
tion on walking speed from two studies [52, 55]. One
study measured walking at end of follow-up [52]. We
pooled the change scores (baseline to post-intervention)
[52] and end of intervention scores [55] for analysis but
present the studies as two subgroups [30]. The meta-
analysis indicated there was no clear indication that
participants randomised to physical activity improved
their walking speed compared to control participants,
with the confidence intervals indicating uncertainty
about the estimate of effect (two studies, 30 participants;
MD =0.02 m/s; 95% CI -0.06 to 0.11; low certainty evi-
dence; Fig. 2B).

A4

Trial registries (n = 84)
Non-RCT (n = 81)

Conference abstract (n = 42)
Irrelevant population (n = 28)
Irrelevant intervention (n = 21)
Study protocol (n = 10)
Non-English language (n = 5)
Editorial/Commentary (n = 1)

Balance We pooled the immediate effect of interven-
tion Berg Balance Scale data (range O to 56, higher score
indicates better mobility) from two studies [41, 42]. The
standard error data reported in one study were converted
into SD for comparison analysis [61]. The meta-analysis
indicated that participants allocated to physical activity
improved their balance compared to control participants,
though the confidence intervals indicate uncertainty
and suggest imprecision around the estimate of effect
(two studies, 39 participants; MD = 3.34; 95% CI -4.37 to
11.04; I>=32%; low certainty evidence; Fig. 3A).

Cardiorespiratory fitness For three studies, we pooled
the immediate effect of intervention cardiorespiratory fit-
ness data (power output at the end of a cycle ergometer
test [34, 43], and peak oxygen uptake during a 3-minute
maximal workload test [40]). The meta-analysis indicated
participants allocated to physical activity improved car-
diorespiratory fitness compared to control participants,
though the confidence intervals indicate uncertainty and
suggest imprecision around the estimate of effect (three
studies, 74 participants; SMD=0.64; 95% CI -0.08 to
1.35; I*=43%; low certainty evidence; Fig. 3B). One study
also measured power output at end of follow-up [34].



Page 9 of 21

Johnson et al. BMC Public Health 2023,23(1):63

dN

dN

NooM/sAeP,S

‘Alep sdn-da1s g9 pue
suonnadai pueis-01
15 001 2312|dwod 0}
SeM WIY UNOJ YoM
Aq yibua| B3| Jamo jo
%06-01 | Woij Jeyd
40 Bupamoy ‘paads
paseaIdU| Ja1em

4o dnd bBuipjoy “o1
Bupiseininw Aq Au
-x3|dwod paseasnu|

‘pare
-13|01 Se Pasealdul
sem paads |jlwpeal]
‘A|jeJ21e]1q SIS

|93 SAIIND3SUOD 0|
BuiAaIyde U paseq
SI3M SUOPINP3I ||V
‘95 AQ UoIDNPaI
USU1 ‘PSASIYDR SeM
SMG %01 1hUN %01
Ag Smg Ut uondnpay
**UyH paidipald
-obe 4o 9408-09
:au0z Bujulel) e ol
dH S[enpIAIpul yoes
3sieJ 01 paisnipe usyy
SEM (S11eM) 2181 YIOM
“UIW-0€ 10 324D 01
9|qe 249Mm spudired
343 [nun paiesa|ol Ajje
-NPIAIPUI Se PaseaIdul
SeM B 351218XT

WAD |exdsoH

|exdsoy
eYa10INaN
jood 0JpAH

1N uonen|iq
-eyay AInfuj urelg

dN

S1un uonel|igeyas
1uanedul o1bojol
-nau [euolbal Jno-

SEEN
ON ¥ 33M/, ‘UIW-G |

EEY
YN 7 MO9IM/ € UIW-G

(4N uoneinp)
ON SHOIM {7 NIOM/4 G

SEEI
ON 1 99M/4C UIW-G |

DEEI
ON  Cl Meam/yg 'ulW-0¢

dN

dN

dN

paads 4y /sa)iu
€7-C0 SM3 %0€

Xew

dH pa1Ip
-21d abe 9%08-09

(M

(asid  opuaiulN) Adesayy
-BIBYI0ISAYd) SOA  ddue|eq Paseg-YA
$951019%3 11eb pue

AJjigels jeinisod

(asid  padueyus bunabiey
-BIBYI0ISAYJ) SOA Adeiayy dienby

SENRIENC]
(asid  dn-dais pue spuels
-BI9U1015AYd) SOA -01-1S SAlRday

Bujures|
(3s1d |lwpeail] payiod
-eI2YI0ISAYd) S9A  -dng 1ybiap-Apog

(asid

-BJI2Y10ISAYJ) SIA 1919Wo0bi7 324D

ESpEYe!
[eUOROUN /2DUE|eg 2h)
/NED PAINDNNS #1072 13 gy

351249X]
[euonauN4 /2dueleg (7]
/MIeD) PRIN1ONIG 0202 |2 12 0PIND

351219%3
|RUOIDUNS /3DUB|eg lov]
/AeD) paIN1dNAS €007 '[e 12 buluue)

351019%3
[euonoun4 /edueleg (6€]
/MBS PAINIONIG 5007 ‘e 32 umolg

351219%3 el
21qoJay painidnig L00C '|e 1o uewsaleg

uonell|Igeyay usnedu

uoissaiboid

uonedo

(d215)

Bujuies) dnoin  sid1dweled asoq

Aysuaiu|

(woym

Aq) pasiaiadng adAL vd

uonesyisse|d vd ERTEIETEN |

SONIslieloeleyd aWOI1N0 pue uoiuaAIalU|  9lqel



Page 10 of 21

Johnson et al. BMC Public Health 2023,23(1):63

‘paUBW
-o|dw sem paads
Bujuiely uy sbueyd

OU ‘PalinNd20 A1D0JaA

WNWXew Jo A}D0[aA

P9103|35-495 I9YlID
U] 9583109p B §| ‘'OM}
33 JO (%) 4238316 23
Aqg paseainul paads
Buluresy ‘asimIayio
901 AQ paseainul
paads bujuies ayy
‘JUSWISSISSE 15e| AU}
YUM pasedwod 940 |
1583)| 18 AQ pasealdul

AUDO[RA WNWIXeW JO

AYDOJSA P123|95-)|9S

SMg
%0¢-01 18 A120|9A
wiNWiIxXe\ 1o/pue

Bujutel] |jlwpeal]

351249X]

J3Y319 §| :uoIssas Bul SHOM 8-9 AYD0|9A PR12313S (asid  panoddnsgybispy  [euOiDUNS /3DUBlRY lov] €107
-utel) pig A19A9 19y dN ON  ™oaM/,€ "UIW-G/-09 -}19S U0 paseg -eI2Y101sAUd) SOA Apog snodoy /ARD pa1n1dNig ‘|19 1zeuanbsy
uoneyjiqeyay uaneding
-9ded Bulyjjem 0}
NP UOI1RUIPIOODSIP
10 LIOJWO0dsIp o subis
ou pamoys Juedidiy
-Jed pue ‘papasu
SeM @DuUe]sIsse ou
usym pasealdul
os|e paads [|lwpeai]
-90ed Buly||em yim
1I0JUWIODSIpP JO UbIS ou pururen 951249X3
pamoys uedpiyed SHOIM § YoM (syueasisse pue sisid 11e6 payioddng  |euonoun4 /aouejeg [89]
uaym pacnpal Spmg % WA [endsoH ON /%2 "UIW-09 Xe YN -e1ayloishyd) sop  yBrap-Apog [ened /HED PRINDNAS 900 '[e 19 UOS|IA
d|qissod (djoHox07)
Se UO0S Se padnpal quedpnied Bululel] [jlwpeai| ENbIENe]
SeM PUR 040€-0| WOJ) wiAB s9aM 9 AQg 9|qeisjol paads (sid  pauoddngiybispy  [euonduN4 /aduBlRg 9]
pabuel SAAG ey |endsoH jusnedu| ON  o9M/,S—€ "UlW-0E wpeai) [eWIxXeln -BIDYI0ISAYd) SOA -Apog 2130q0Y /MeD) PAINNIS 6007 '|e 19 [9D0AIDI4
(215) (woym
uoissaiboid uoledo Bujuies] dnoin  sia1dweled asoqg Ayisuayu| Aq) pasiaiadng adA] vd uoneoyisse|d vd ERTEIETEN|

(panunuod) g ajqey



Page 11 of 21

Johnson et al. BMC Public Health 2023,23(1):63

VN

dN

‘paisn(pe aq ued
JUSWISAOW/S|2I9X
yoea Jo 2dA1 pue
12gWinuU ay3 pue |aA3)
Aynogyip auy pue
payoddns 1o suoje
‘Buipuels Jo bumis
auop 3q ued pue
ssaupoud [enpiaipul Uo
Bulpuadap passaib
-o1d aJe $351019%X3

pulys

pue ‘Bupyiq ‘Buijem
SB UDNS $9512I9XS
payipow Ajlenpiapul
papNn|ouUl pue aWoy
1e pa1o|dwod sem
Vd 9YL '$951219X3

9y3 Jo uolssaiboud
pue uoedLIPOW J0)
aulPpInb |eisusb e
Se Pasn SeM UOISSaS
951249%3 Y1 Joye
UIW-0€-G | Uitpim
swoydwiAs paseanul
JO uonn|osay ‘pousd
UOIIUAIIUI DY}
1N0YBNOIYL $351249X
9Y3 4O sia12wesed
941 2UIWI13P 01
pasn sem Aleip
3S1249%3 JI9Y1 pue
suolssas dnoib ayy
Buunp 1usned yoes
wiou) yoeqpaad

2/1UdD)
|BDIPN SURISIDA

211UdD)
Ae@ Ayunwiwod

ENCEYD)
qeyay pasijernads

ISTSE V!
ueyjodonay

SEEIN
(8=/) SSA  TL ™o/, | "UIWI-06
SEEIN

me_UCE SOA ] ;v_ww>>\*_ ;EC\_\OQ

SEEI
ON Tl “eam/,g 'ulw-09

(4N uoneinp)
(S-7)SSA  S499M 8 HI9M/4C

VN

dN

dN

dN

(si03ey|1oeq
U[eSH Pal||V) SOA
(1010n135U]
BuobID) SeA

(asid
-BJaY10IsAyd e pue

13ydea) 2dUeQ) SOA  GBYSY paseg-adue(

(1sid
-BIDYI0ISAYd) SOA

SSOU[SM PUB YljeaH

deyey JeingnseA

vd

[[_ISAQ UonoWwold
uoneaIday
|e2ISAYd 19 1ods

351019%3
|euOndUNS /2dueleg
/MBS PaININIG

351019%3
|euondUNS /adueleg
/ABD) PAINIONIG

[8€]
2102 |8 19 Jauualg

[£€] 600C |2 10 =e|g
paseqg-flunwwod

(Sl
LCOC '[e 19 QUUBIES

[esleloc
‘|e 12 pieebjaya)y

uoissaiboid

uone’o

(215)
Bujuies] dnoin  sia1dweled asoqg

Ayisuayu|

(woym
Aq) pasiaiadng

uonesyisse|d yd

EaIVESETE)]

(panunuod) g ajqey



Page 12 of 21

Johnson et al. BMC Public Health 2023,23(1):63

dN

'SI51249XD
2y ssa1boid pue
919|dwo> 01159
MOY PauIuIRIap

Jaulesy [euosiad ay |

‘dulely dais-ge

941 WOl SWIOJ 9AY
pue sanbiuyday buid
-dais pue buiyieaiq
Buipnput ‘soiseq

1yD 1B] SNOLIBA JO
Pa1SISUOD 35IN0D Y|

ddH 40

9%0/-05 U9amiaq Aeis

01 PAIDNIISUL IaM
puUE SUOISS3S INO
-ybnolya Joyuow yH
e 2J0M sjued|diiied

ddH Jo

9%0/-0G U9ami1aq Aeis

01 PAIDNIISUL UM
pUE SUOISS3S N0
-ybnolyz Jojuow yH
e 2Jom sjuedidiieq

ddH Jo

9%0/-05 U9aM13q Ar1s

01 P1DNIISUI S49M
pUE SUOISSSS INO
-ybnoiyy Jojuow YH
e 2Jom siuedidiied

dN

211U SSauly B30T

dN

clood
Butwwims (207

|jood
BulWWIMS [0

|jood
BulwWIMS |20

Jesppun

ON

(6) SoA

(uononiisul
L-U0-11nQ 'g) SaA

(uopdnuIsul
L-UO-1 INq '6) SOA

(uondnasul
|-UO-1 1NQ ‘g) SAA

(YN uoneinp)
-oeid 1uspuadapul
Allep g pasiaiadns
SHOM t JSNO
SUOISSS UIW-G17,G

DEEIN
T L ™MooMY/ "UIW-09

SEEN
9 %PIM/5T 'UIW-Giy

SEEN
8 PIM/4€ 'UIW-09

SEEN
8 %PIM/4€ 'UIW-09

EEIN
8 Y99M/x€ "UIW-09

dN

suonnadal

/5395 G410 OlxE
‘parabiel sdnoib
3jpsnwi 9 :yibuanig
el

019|ge INq piey
Bulyieaiq alom Aayy
1ELI YONS Pl
wordwiAs ‘Alsuanul
-91BJSPO| DIgoIY

dN

ddH %0/-05

ddH %0/-05

ddH %0/-05

(3sidesayy

e Ag pasiniadns
2I9M SUOISSDS
UIW-GP4 G 341) SaA

(Jaures|
[PUOSID) SOA

(103
-ONASUL YD 1B]) S3A

(payidads
10U suonedyljenb
— JOIDNIISU) SOA

(payidads
10U suonedyljenb
— JOIDNIISU) SOA

(payidads
10U suonedyljenb
— J01DNJISU|) SoA

351249x7 |e2ISAY4

Buruiely yibuans
3|2SNW pue dIqolay

YD tep

awwelb
-oid sonenby

swwelb
-0id sonenby

swwelb
-0id sonenby

sPIaxg
21qoIaY PaINIdNIG

351D49x3 1UBUOdWOD
-NINW PaInIdNAs

uopealday
|eDISAYd 1§ 1odS

3512193 Juauodwod
-N PRINIdNAS

351219%3 Juauodwod
-IN PAINIdNAS

as1019x3 Jusuodwod
N PRIN3IDNIS

[vs]
¢00C '[e 32 UeIAPIN

[6¥]
600¢ (2 13 NasseH

(8]
900¢ €19 [[PWWe5

[S¥]
600¢ '[2 13 197U

g4
9007 '[e 13 13AUQ

[ev]
002 € 13 JaAUQ

uoissaiboid

uonedo

(d215)
Bujuies) dnoip

sia)aweled asoq

Aysuaiu|

(woym
Aq) pasiaiadng

adA] vd

uonesyisse| vd

ERTIEYEIEN]

(panunuod) zajqel



Page 13 of 21

Johnson et al. BMC Public Health 2023,23(1):63

"UoledYIrIIS 9|edSs
Auligow pue aduejeg
ANUNWIWOD) UO pPaseq
payepdn sem Aynoy
-JIp 951019x%3 ‘buIsal

SEEN] pasueape pue (sid

Buipueis 351013%3
ulodueleq Bul  [euonduUN /adueleyg (/5]

XIS }99M BuIMOl|04  awoy siuedpdiled ON  “99M/,p—€ ‘UIW-0E  ‘D1eIpaULISIUl DIseg -BIBYI0ISAYd) SOA  -190uP1 3SIDIaX3 YA /1eD) PAINIDNIS 6107 e 19 49|[11a)aL
(Uw-1 ur
pleMapIs pue piem
-10} sdn-da1s 'oN
pue Spue1s-03-1IS
"ON =92uewiopad
Xewl) aouewioypiad
Xeuw 9SG/ O3
dn :9-¢ syoaMm 951249%3
Sj9am  9dueWIOHd Xew sdn-dais  |euondun4 /aduejeg [zS]1 600C
suonnadal aseanu|  awoy siuedidiied ON 9 "29M/,G ‘UIW-G| %05 7—1 S{9IM (S3UBled) SOA pue spue1S-03-1S /AeD) PainIdNIS [B 13 J2IN37-Z3eY
Apnis
3U1 JO S99M INOJ 158
3y1 40} dUl|95eq JINO
95e3IDUI 9%0F Y}
pauleiuiew pue 1ybia
399M Ul 358310Ul 9401
e payoeal uedded
ay3 [nun sdais jo
Jaguunu aules ayy
AQ pasealnul sem
[eob dais Ajlep ayy
'sy9am Juanbasgns
U] 93aM 1514 343 10}
SUl|sseq enplAlpul
11943 1910 sdais [og]
Ajlep Ul 9sealdul 95 (YoroDaueISISSY /10T |e 19 JaukeH
e JO |eob ay3 uanIb (M) 2w Ajlep ou) Y24easay e Ag UOISIA Vvd  -A4smode|oy 3 [6€]
2/am sjuedpied  awioy siuedidied ON  SHIM 7| N99M/y/ YN -12dns 210WwaYy) SIA Bupjlepy  |[eISAQ UOIOWOI] G10Z e 12 uojog
paseq-awoH
(2215) (woym
uoissaiboid uoledo Bujuies] dnoin  sid1dweled asoq Aysuayu| Aq) pasiaiadng adA] vd uonedyisse|d vd ERITEIETEN |

(panunuod)  3jqey



Page 14 of 21

Johnson et al. BMC Public Health 2023,23(1):63

1S0W dY) PAUIWIIBP dABY M ‘[ ‘£1/] S9NHR3||0D pue JSALI JO YI0M SNOIASI S} pue PaISAIIRP UOIIUSAISIUI 3Y) USAIG ‘3[2114e DY) Ul palels A|

J3QUINN “ON ‘WINWIXe XDy ‘DAIS34 33l LeaH YYH ‘S|qedijdde 10N v ‘uoneliqeyay gpyay ‘Aujeas [eniip YA ‘pariodal JoN YN ‘parioddns 3ybram-Apog SHMg ‘91l 11eaH YH ‘WnNWIXew ajes JeaH

M3IABI BURIYDOD [6S] ‘[B 39 113SSBH 31 JO JOYINe Pes| PUB JOYINe YUM 33U3puodsa1iod BIA PIWIYUOD SeM [G] *[e 19 UB|IINDIA Ul PRISAISP UOIIUSAISIUL JO UOIIRIYISSE]D 4

Jood Buiwwims [e30] 93 SI APNIS SIY) Ul UOIIUSAIIUL 9Y1 J04 UO11e0| A[DY!|
dx® 10U SI UOIIUBAIDIUI DY JO UOIIEIO| YL B[IYM ‘[SH] ‘@ 12 JISAUQ U] o

jo
YH ‘Anande [ed1sAud vd

xpuw,

'$955900NS
pue sanyjige swuaned

01 buipiodde swi} Buipuels ul adueleq 951249X3
1910 uolssalbold e SEEI (asid Bunebiel asIEXa  [euUOIIDUN /a0Ue|eg [95]
pey aweb oapiA yoeg  [eudsoH AUSISAIUN ON 9 "99M/4E ‘UlW-09 UN -BIYI0ISAYJ) SOA  Paseq-auleb 0spIA /1eD) PaINIdNIS /102 |e 12 Ipnens
“(UOI3RIS PUR1S-0}
-}IS 9y} 10} Jleyd 2y} Jo
14612y 3y Bupamoy
“£9) ajqissod a1aym
Sas12J9Xa ssalbold 01
pue 3512J9X3 JO AUIS
-Ua1ul 9y buipiebal
1usWabeinodua uon (s3s1desayiolsAyd
apinoid 03 Jojuow -enba usuoney Y1 ‘syueisisse Adeiayio
91el 1eay ay) wol Buisn YgH %05 < -IsAyd ‘s3uspnis
UoJeUIIOJUl 3Y1 pasn 7! (1 0rdning SEEI Se paje|ndjed sem a1enpeibiapun 3oeqpas)  3sIax3 Jusauoduwod (1]
4e1s buisiaiadng nun Ainfug ureig ‘340 9DRIDAR) SOA T MOOM/4E ‘UIW-09 ouoz buiutenn yH  AdesayloisAyd) SOA  YH YUM SSejD 1N -1NN PRINIdNIS Z10T ‘|8 32 13sseH
qeyay wuanedinQ 3 Juanedu|
(9215) (woym
uolissaiboid uoled0 pujuies] dnoin  sia1dweled asoqg Ayisuayu| Aq) pasiaiadng 2dA] vd uonedyisse|d yd ERTEIETEN|

(PanunUOd) T 3jqey



Johnson et al. BMC Public Health 2023,23(1):63

A Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
IV, Random, 95% CI
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Mean Difference
IV, Random, 95% CI

1.3.1 End of Intervention

Straudi 2017 25 115 12 255 234 8 0.6%
Tefertiller 2019 55.2 4 30 524 4 30 46.7%
Subtotal (95% CI) 42 38 47.3%
Heterogeneity: Tau? = 0.00; Chi2 = 0.14, df =1 (P = 0.71); > = 0%

Test for overall effect: Z = 2.69 (P = 0.007)

1.3.3 End of Follow-up

Tefertiller 2019 56 3.7 28 532 37 30 52.7%
Subtotal (95% Cl) 28 30 52.7%
Heterogeneity: Not applicable

Test for overall effect: Z = 2.88 (P = 0.004)

Total (95% CI) 70 68 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 0.14, df =2 (P = 0.93); P = 0%
Test for overall effect: Z = 3.94 (P < 0.0001)

-0.50 [-17.97, 16.97]

2.80 [0.78, 4.82] =
2.76 [0.75, 4.77] L
2.80 [0.89, 4.71] =
2.80 [0.89, 4.71] ¢

2.78 [1.40, 4.16] ¢

1

20 -0 0 10 20
Favours control Favours physical activity

B Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV,Random,95%CI IV, Random, 95% CI
1.1.1 Change Score
Katz-Leurer 2009 0.04 0.1 9 0.01 01 10 97.8% 0.03 [-0.06, 0.12]

Subtotal (95% CI) 9 10

Heterogeneity: Not applicable
Test for overall effect: Z = 0.65 (P = 0.51)

97.8%

1.1.2 Post-Intervention Scores

Sarkamo 2021 06 06 6 0.8 0.4 5
Subtotal (95% CI) 6 5
Heterogeneity: Not applicable

Test for overall effect: Z=0.66 (P = 0.51)

2.2%
2.2%

Total (95% CI) 15 15 100.0%
Heterogeneity: Tau? = 0.00; Chiz = 0.56, df = 1 (P = 0.45); I = 0%
Test for overall effect: Z = 0.55 (P = 0.58)

0.03 [-0.06, 0.12]

-0.20 [-0.79, 0.39]
-0.20 [-0.79, 0.39]

-

0.02 [-0.06, 0.11]

2 A 0 1 2
Favours physical activity Favours control

Fig. 2 Meta-analysis of effect of a physical activity intervention on measures of composite mobility and walking. This figure presents a
meta-analysis of the effect of a physical intervention vs. A a physical activity intervention with different parameters on a composite mobility

measure; (B) no intervention on walking velocity

There was no clear effect of fitness training on cardiores-
piratory fitness at end of follow-up (one study, 40 partici-
pants; SMD =0.05, 95% CI -0.57 to 0.67; Fig. 3B).

Body composition We pooled the immediate effect of
intervention for body mass index [34] and percentage of
body fat [43] data. The meta-analysis indicated a small
effect size in favour of the control intervention, though
the confidence intervals indicate uncertainty and suggest
imprecision around the estimate of effect (two studies, 61
participants; SMD =0.28, 95% CI -0.22 to 0.79; low qual-
ity evidence; Fig. 3C). There was no clear effect of physi-
cal activity on body composition at end of follow-up (one
study, 41 participants; SMD =0.50, 95% CI -0.12 to 1.12;
Fig. 3C).

Fatigue 'We pooled the immediate effect of intervention
for the Physical Fatigue subscale of the Chalder Fatigue Scale
[34] and the fatigue subscale of the Profile of Moods State
[45] data. There was an indication of a moderate reduction

in self-reported fatigue with physical activity compared to
a non-physical activity intervention, though the confidence
intervals indicate uncertainty and suggest imprecision
around the estimate of effect (two studies, 55 participants;
SMD = -0.52, 95% CI -1.80 to 0.75; I>=76%; very low qual-
ity evidence; Fig. 4A). There was no clear effect of physical
activity on physical fatigue at end of follow-up (one study,
40 participants; SMD=0.34, 95% CI -0.29 to 0.96; Fig. 4A)
given the confidence intervals indicate uncertainty and sug-
gest imprecision around the estimate of effect.

Quality of life

Two studies used the General Health Questionnaire as
the outcome measure, which give a higher score for a
worse outcome [37, 54]. To match the other three studies
[44, 48, 55], where a higher score equals a better outcome,
we subtracted the mean scores for each group from the
maximum possible score for this outcome measure. For
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A Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Curcio 2020 449 8.6 10 357 17.6 10 31.0% 9.20 [-2.94, 21.34]

Cuthbert 2014 526 7.3 10 519 741 9 69.0% 0.70 [-5.78, 7.18]
Total (95% CI) 20 19 100.0%  3.34[-4.37,11.04]

Heterogeneity: Tau? = 11.47; Chi? = 1.47, df = 1 (P = 0.23); I = 32%
Test for overall effect: Z = 0.85 (P = 0.40)

Control
SD Total Weight

B Experimental
Study or Subgroup Mean SD Total Mean

Std. Mean Difference
IV, Random, 95% CI

_5.0 t + +

25 0 25 50
Favours control Favours physical activity

Std. Mean Difference
IV, Random, 95% CI

1.4.1 End of Intervention

Bateman 2001 113.9 69.9 23 924 422 21 49.5%
Canning 2003 11 04 10 1 02 4 251%
Driver 2004 143.8 34.7 8 848 37.2 8 25.3%
Subtotal (95% CI) 41 33 100.0%

Heterogeneity: Tau? = 0.18; Chi? = 3.48, df =2 (P = 0.18); > = 43%
Test for overall effect: Z=1.75 (P = 0.08)

1.4.2 End of Follow-up

Bateman 2001 106.8 70.6 19 103.6 46.6
Subtotal (95% CI) 19 21
Heterogeneity: Not applicable

Test for overall effect: Z=0.17 (P = 0.87)

21 100.0%
100.0%

C Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

0.36 [-0.24, 0.96] L

0.26 [-0.91, 1.42] ——
1.55[0.39, 2.71] —

0.64 [-0.08, 1.35] o

0.05 [-0.57, 0.67]
0.05 [0.57, 0.67]

$

-4 -2 0 2 4
Favours control Favours physical activity

Std. Mean Difference
IV, Random, 95% CI

1.5.1 End of Intervention

Bateman 2001 258 3.1 24 248 44 21 73.9%
Driver 2004 184 33 8 16.8 5.1 8 26.1%
Subtotal (95% CI) 32 29 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df =1 (P = 0.88); I? = 0%
Test for overall effect: Z=1.10 (P = 0.27)

1.5.2 End of Follow-up

Bateman 2001 271 32 20
Subtotal (95% CI) 20
Heterogeneity: Not applicable

Test for overall effect: Z =1.57 (P = 0.12)

251 45 21 100.0%

21 100.0%

0.26 [-0.33, 0.85]
0.35 [-0.64, 1.34]
0.28 [-0.22, 0.79]

0.50 [-0.12, 1.12]
0.50 [-0.12, 1.12]

4

4 2 0 2 4
Favours physical activity Favours control

Fig. 3 Meta-analysis of effect of physical activity intervention on balance, cardiorespiratory fitness and body composition measures. This figure
presents a meta-analysis of the effect of a physical activity intervention vs. A a physical activity intervention with different parameters on balance;
(B) a non-physical activity intervention or no additional intervention on cardiorespiratory fitness; (C) a non-physical activity intervention on body

composition

one study [48], we used only the physical summary scale
of the Medical Outcomes Study Short Form-36 in the
analysis.

There was substantial heterogeneity for this out-
come (I?=91%; P<0.01). This is likely explained by
one study [44] which found quality of life was rated
as significantly better in the intervention group than
the control group at end of intervention (one study, 18
participants; SMD =25.86, 95% CI 16.26 to 35.46). By
excluding this study from meta-analysis, we were able to

pool the remaining data (four studies, 135 participants;
SMD =0.56, 95% CI -0.02 to 1.14; I>=47%; low quality
evidence; Fig. 4B). There was an indication of an improve-
ment in quality of life for participants randomised to a
physical activity intervention compared to those ran-
domised to a control intervention at end of intervention
(Fig. 4B). There is little evidence to suggest this effect was
maintained at end of follow-up (one study, 73 partici-
pants; SMD =0.15, 95% CI -0.31 to 0.61; Fig. 4B) given
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A Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.6.1 End of Intervention
Bateman 2001 6.8 4.2 23 6.6 2.7 16 56.1% 0.05 [-0.58, 0.69]

Driver 2009 05 06 8 1.3 0.6 8 43.9% -1.26 [-2.36, -0.16] ——
Subtotal (95% CI) 31 24 100.0% -0.52 [-1.80, 0.75]

Heterogeneity: Tau? = 0.65; Chi? = 4.09, df = 1 (P = 0.04); 1> =76%
Test for overall effect: Z=0.80 (P = 0.42)

1.6.2 End of Follow-up

Bateman 2001 66 51 21 5225 19 100.0% 0.34 [-0.29, 0.96] !
Subtotal (95% CI) 21 19 100.0% 0.34 [-0.29, 0.96]
Heterogeneity: Not applicable
Test for overall effect: Z = 1.05 (P = 0.29)
4 2 0 2 4
Favours physical activity Favours control
B Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.7.1 End of Intervention
Blake 2009 12 0.74 10 9.5 2 10 19.8% 1.59 [0.55, 2.62] —
Gemmell 2006 236.4 94.6 9 1915 739 9 222% 0.50 [-0.44, 1.45] T
McMillan 2002 64 12 38 59 14 48 41.6% 0.38 [-0.05, 0.81] -
Sarkamo 2021 90 253 6 93 14.8 5 16.4% -0.13[-1.32, 1.06] N
Subtotal (95% CI) 63 72 100.0% 0.56 [-0.02, 1.14] L
Heterogeneity: Tau? = 0.16; Chi? = 5.64, df = 3 (P = 0.13); > =47%
Test for overall effect: Z = 1.90 (P = 0.06)
1.7.2 End of Follow-up
McMillan 2002 62 14 35 60 13 38 100.0% 0.15[-0.31, 0.61] !
Subtotal (95% CI) 35 38 100.0% 0.15[-0.31, 0.61]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.63 (P = 0.53)

4 2 0 2 4
Favours control Favours physical activity

Fig. 4 Meta-analysis of effect of physical activity intervention on measures of fatigue and quality of life. This figure presents a meta-analysis of
the effect of a physical activity intervention vs. A a non-physical activity intervention on fatigue; (B) a non-physical activity intervention or no

intervention on quality of life

the confidence intervals indicate uncertainty and suggest
imprecision around the estimate of effect.

Effect of physical activity on mood (i.e., depression)
(secondary objective)
Mood
We pooled data from three studies comparing physical
activity to non-physical activity control interventions
[34, 35, 45]. There was a small to moderate reduction in
self-reported depression, though the confidence intervals
indicate uncertainty and suggest imprecision around the
estimate of effect (three studies, 125 participants; SMD
= -0.41, 95% CI -1.17 to 0.35; I>=72%; Fig. 5A). There
was no clear effect of physical activity at end of follow-up
(one study, 40 participants; SMD =0.35, 95% CI -0.28 to
0.97; Fig. 5A).

We also pooled data from two studies comparing phys-
ical activity to no control intervention [54, 55]. There was

a small to moderate reduction in self-reported depres-
sion, though the confidence intervals indicate uncer-
tainty and suggest imprecision around the estimate of
effect (two studies, 97 participants; SMD = -0.38, 95% CI
-0.79 to 0.02; I>=0%; Fig. 5B). There was no clear effect
of physical activity at end of follow-up (one study, 73 par-
ticipants; SMD = -0.44, 95% CI -0.90 to 0.03; Fig. 5B).

Discussion

The primary objective of this rapid systematic review was
to investigate the effect of physical activity on physical
function, cognition, and quality of life across the lifespan
and continuum of care for people living with moderate-
to-severe TBI. We included 23 studies that covered the
broad spectrum of care (i.e., inpatient, outpatient, commu-
nity and home-based settings) and a wide range of physi-
cal activity interventions. For the primary outcomes of
interest in this review, we were able to pool some of the



Johnson et al. BMC Public Health 2023,23(1):63

A Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI
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Std. Mean Difference
IV, Random, 95% CI

1.9.1 End of Intervention

Bateman 2001 54 44 23 46 3.9 19 37.0%
Bellon 2015 12 94 28 152 115 39 404%
Driver 2009 0.3 03 8 1.1 0.6 8 22.6%
Subtotal (95% CI) 59 66 100.0%

Heterogeneity: Tau? = 0.31; Chi? = 7.10, df =2 (P = 0.03); I> = 72%
Test for overall effect: Z =1.06 (P = 0.29)

1.9.2 End of Follow-up

Bateman 2001 54 53 21 3.8 34 19 100.0%
Subtotal (95% CI) 21 19 100.0%
Heterogeneity: Not applicable
Test for overall effect: Z=1.09 (P = 0.28)

B Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
IV, Random, 95% CI

0.19 [-0.42, 0.80]
-0.30[-0.78, 0.19]
-1.59 [-2.76, -0.43]
-0.41 [-1.17, 0.35]

0.35 [-0.28, 0.97]
0.35 [0.28, 0.97]

s

4 2 0 2 4
Favours physical activity Favours control

Std. Mean Difference
IV, Random, 95% CI

1.8.1 End of Intervention

McMillan 2002 4 4 38 6 5 48 88.4%
Sarkamo 2021 1.2 79 6 112 76 5 11.6%
Subtotal (95% CI) 44 53 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 0.45, df =1 (P = 0.50); I? = 0%
Test for overall effect: Z = 1.85 (P = 0.06)

1.8.2 End of Follow-up

McMillan 2002 4 4 35 6 5
Subtotal (95% CI) 35
Heterogeneity: Not applicable

Test for overall effect: Z = 1.83 (P = 0.07)

38 100.0%
38 100.0%

-0.43 [-0.86, -0.00]

0.00 [-1.19, 1.19]
-0.38 [-0.79, 0.02] L

-0.44 [-0.90, 0.03]
-0.44 [-0.90, 0.03]

:
-4 -2 0 2 4
Favours physical activity Favours control

Fig. 5 Meta-analysis of the effect of a physical activity intervention on measures of mood. This figure presents a meta-analysis of the effect of a
physical activity intervention vs. A a non-physical activity intervention on mood; (B) no intervention on mood

available data and conduct seven meta-analyses to deter-
mine the effect of physical activity on the outcome com-
pared to the control intervention. The results indicate an
uncertainty of effect of physical activity on measures of
mobility, including walking speed and balance, cardiores-
piratory fitness, fatigue and quality of life in people with
moderate-to-severe TBI at end of intervention. There is
also little evidence of any observed improvements being
maintained at follow-up. Less than half of the included
studies were of moderate to high quality, and the included
studies are characterised by small sample sizes, diverse
comparators and a wide range of outcome measures,
including numerous single study outcomes. We are
therefore unable to draw any definitive conclusions
regarding the effect of physical activity on physical func-
tion, cognition and quality of life for people with moderate-
to-severe TBI.

The secondary objectives of this review were to assess
the effect of physical activity on mortality, comorbid con-
ditions, mood (i.e., depression), participation and levels

of physical activity. Only measures of mood data could
be pooled for analysis, which showed some indication of
effectiveness of physical activity. Though the confidence
intervals indicate uncertainty and suggest imprecision
around the estimate of effect. No studies reported on
measures of comorbidity and/or mortality, while partici-
pation and physical activity was measured in only four
and two studies, respectively. Again, a lack of data limits
any conclusions that might be drawn from the current
evidence base.

This study also aimed to evaluate the safety of physical
activity interventions for people with moderate-to-severe
TBI. Less than 40% of the included studies explicitly
reported whether adverse events had occurred or not.
The low number of reported adverse events (seven in
total) and no reported serious adverse events, suggests
physical activity is a safe intervention for people with
moderate-to-severe TBI. Strategies to minimise the risk
of harm were frequent in the included studies. All inter-
ventions in the included studies included some amount
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of supervision, and in six studies heart rate monitors
were used to gauge effort during the training sessions and
support adherence to the training protocol. In 10 studies,
suitability to exercise was assessed as a part of the pre-
intervention screening process, while one study required
a minimum level of balance as a safety measure.

The small sample sizes and wide range of outcome meas-
ures in the included studies in this review limit our inter-
pretation and understanding of the impact of physical
activity on the health of people with moderate-to-severe
TBL It also highlights the challenges faced in research
in this space and the need for a more cohesive approach
moving forward. While we acknowledge the difficulties of
participant recruitment in trials including moderate-to-
severe TBI participants, we echo the call by Hassett et al.
[59] for more adequately powered studies across the lifes-
pan that incorporate health outcome measures framed by
the International Classification of Functioning, Disability
and Health (ICF) framework [62]. Identifying and using an
agreed-upon core set of trial measures, with the ICF frame-
work as a starting point for selection, would be one impor-
tant step towards harmonising what is currently a disparate
body of evidence. A common set of outcome measures of
psychosocial function are already established in moderate-
to-severe adult [63] and paediatric [64] TBL. A consensus
of core physical outcome measures would further improve
our ability to compare results across trials, pool data for
meta-analyses or undertake individual meta-analyses,
as suggested for stroke research by the Stroke Recovery
and Rehabilitation Roundtable [65]. We also recommend
increased collaboration between brain injury services and
researchers internationally to enhance our collective capac-
ity to recruit sufficiently powered sample sizes to answer
key questions of interest. Such steps will consolidate cur-
rent knowledge and facilitate optimised, evidence-based
care for people with TBI in an approach aligned with AUS-
TBI, an Australian-based, health informatics initiative aim-
ing to leverage large-scale data resource to individualise
care and treatment for people with TBI [66].

We acknowledge the limitations of this work, including
only studies published in English. There was a limited range
of participant ages included in this review — only one study
included a paediatric population [52], and the average age
of the remaining 22 studies was 22 to 52 years. The aver-
age sample size of all included studies was 35, ranging from
11 to 95. The small sample sizes may reduce the power of
the studies included in this review; therefore, pooled meta-
analyses were completed. The heterogeneity of the included
studies is high. Data synthesis and reporting in this rapid
review was challenging because of the variability in, and
reporting of, the interventions, comparators and various
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outcome measures used in the included studies. For this
reason, we chose not to pool primary outcomes together
for meta-analysis. A standardized approach to rehabilita-
tion trial design, delivery, and reporting, is urgently needed.
We recommend future research use reporting templates,
such as the CONsolidated Standards of Reporting Trials
(CONSORT) statement, when reporting trials.

Conclusion

This review was initiated in response to the WHO first
global physical activity and sedentary behaviour guidelines
for children and adults living with disability [8], but which
did not include TBI participants or rehabilitation-based
interventions. The WHO guidelines provide high-quality
evidence for the beneficial effects of physical activity, and
clinicians should be guided by such guidelines when pre-
scribing physical activity. For people with TBI in rehabili-
tation, clinicians should be guided by evidence found here
in TBI, as well as indirect evidence from other neurologi-
cal populations where the evidence-base is more extensive
and certain. For example, people living with moderate-
to-severe TBI share similar cognitive, behavioural, and
physical impairments with stroke (though people with
stroke tend to be older), and cerebral palsy. This review
consolidates the current evidence base for the prescription
of physical activity for people with moderate-to-severe
TBIL There remains a pressing need for further rigorous
research to inform the development of clinical practice
guidelines to support clinical decision-making when pre-
scribing physical activity to people with TBL
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