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Data Extraction: We followed the PRISMA checklist for Systematic Reviews. Two review authors
independently assessed the risk of bias and extracted data on participants’ demographics, injury
characteristics, and LTPA participation of the included studies. Risk of bias was assessed using
the Joanne Briggs Institute critical appraisal tool for cross-sectional studies. Any conflicts were
resolved by a third author.

Data Synthesis: We found considerable variability in LTPA participation in adults 45 years and
older with SCI. An estimated 27%-64% of participants did not take part in any LTPA. A random
effects meta-analysis model was completed for studies that reported total or moderate-to-heavy
LTPA scores in minutes per week. Overall, participants (n=1675) engaged in 260 [205;329] (mean
[95% CI]) mins/week of total LTPA. Those participating in moderate-heavy intensity LTPA (n=364)
completed 173 [118; 255] (mean [95% CI]) mins/week. LTPA modalities included walking, wheel-
ing, hand-cycling, basketball, and swimming, among others.

Conclusions: While many older adults with SCI seem to be meeting the recommended weekly
physical activity volume, many still remain sedentary. There was significant variation in report-
ing of frequency, intensity, and duration of LTPA and reporting on modality was limited. Because
of differences in reporting, it was challenging to compare results across studies. Data constraints
prevented subgroup analysis of LTPA disparities between paraplegia and tetraplegia.

© 2024 The Authors. Published by Elsevier Inc. on behalf of American Congress of Rehabilitation

Medicine. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Spinal cord injuries (SCI) often result in significant motor and
sensory impairments, autonomic dysfunction, and severe
mobility restrictions' which increases the risk of developing
secondary health conditions, such as cardiovascular diseases
and metabolic syndrome.?> Because of medical advances in
the past few decades, more people are surviving after SCI
and therefore, are aging with the condition.®® Aging with
SCI brings greater risks for the development of metabolic
and cardiovascular diseases when compared with the popu-
lation aging without a SCI.° In addition, people with SCI com-
pared with non-injured people are 5% more likely to develop
anxiety, 20% more likely to develop depression, and 15%
more likely to develop psychological issues. '°

Regular physical activity in middle/older-aged adults
with SCI can improve mobility and quality of life."" Middle-
or older-aged adults with SCI have among the lowest levels
of physical activity and energy expenditure compared with
other disability groups'? due, in part, to the many biopsy-
chosocial barriers preventing access exercise and physical
activity.'> The Canadian Physical activity guidelines for peo-
ple with SCI guidelines recommend that adults with a SCI
should participate in at least 30 minutes of moderate-to-
heavy aerobic exercise 2 times per week, and perform at
least 3 sets of resistance training exercises for the major
functioning muscle groups.’ Similarly, the World Health
Organization (WHO) 2020 physical activity guidelines recom-
mend that adults living with a disability perform at least 75-
100 minutes of vigorous intensity exercise per week, or 150-
300 minutes of moderate intensity aerobic exercise per
week, and moderate-to-heavy strength training of major
muscle groups 2 times per week.' Approximately 47% of the
people living with a SCI currently do not meet those recco-
mendations,'® particularly middle/older-aged adults.'®'®
Common barriers to meet physical activity recommenda-
tions include reduced access to exercise facilities, pain,
mobility restrictions, and need of assistance to exercise and
self-care."®?°

Leisure-Time Physical Activity (LTPA) is recreational phys-
ical activity including walking, self-propelling a wheelchair,

gardening, playing sport, attending the gym, or any other
recreational exercise.?' LTPA is performed in people’s spare
time and presents as an opportunity to increase daily physi-
cal activity participation. Previous research has shown that
older age is associated with lower LTPA participation in peo-
ple with SCI,?%% as is true with the general population.?*
The Swedish Aging with Spinal Cord Injury Study (SASCIS)
showed that older people living in the community frequently
suffer from co-morbidities that could be prevented by regu-
lar exercise and physical activity.*'”"*®> The SASCIS also
revealed that older people with a SCI (>50 years and at least
10 years since injury) did not participate in the intensity or
volume of physical activity required to achieve health
benefits.*'” Furthermore, it showed that age and wheel-
chair use were predictors of low levels of engagement in
physical activity.'” This highlights the importance of embed-
ding LTPA in daily lives of people with SCI as early as possi-
ble. There is a lot of research on participation in LTPA in the
general SCI population, however, less is known about the
participation and volume of LTPA in middle/older-aged
adults with SCI.

This review aims to (1) investigate the amount of LTPA
performed by middle/older-aged adults (>45 years) with SCI
and (2) determine the frequency, duration, intensity, and
modality of LTPA performed by middle/older-aged adults
with SCI.

Methods

This study is a systematic review with meta-analysis. The
Cochrane Handbook recommendations*® and the Preferred
Items for Systematic Reviews and Meta-Analysis (PRISMA)
reporting guidelines’” were followed. The protocol for this
review was prospectively registered with the International
Prospective Register of Systematic Reviews (PROSPERO,
Identifier CRD42022311618).
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Literature search

The search was conducted in CINAHL, SCOPUS, PubMed,
MEDLINE (Ovid), and EMBASE (Ovid) databases from incep-
tion of the databases to March 2023. We did not restrict our
search by date or language. Conference abstracts and pro-
ceedings were excluded. Reference lists of included studies
were also checked for potentially relevant studies. An infor-
mation specialist was consulted to assist with developing
the search strategy. The search strategy included synonyms
for “leisure-time physical activity” and “spinal cord injury”
(see appendix 1).

Study selection

We used Covidence software’® to perform title/abstract
screening, full-text screening, and data extraction. Selec-
tion of studies was performed by 2 review authors (a combi-
nation of L.S., C.Q.0., E.R., and P.S.) independently. Any
disagreements were discussed and if agreement could not
be achieved, a third review author (A.V.) was consulted for a
final decision.

Eligibility criteria

Study design

Cross-sectional studies, longitudinal studies, or randomized
controlled trials where baseline data on LTPA participation
were available.

Participants

We included data from individuals aged >45 years, based on
multiple large longitudinal studies in the aging population
that used the age of 45 as the threshold to define middle/
older-aged people.?’-*! Studies were included if participants
had a SCI, were >45 years old and were community-dwell-
ing, when data for participants >45 years were presented
separately or when authors could provide separate data
when contacted. Included participants had a SCI of any
cause (traumatic or non-traumatic) and any severity of
injury or level of injury as classified by the International
Standards for Neurological Classification of Spinal Cord
Injury (ISNCSCI) score. Studies including participants with
multiple conditions were included if data from individuals
with SCI were reported separately or if more than 75% of the
sample contained individuals with SCl. When studies were
unclear whether participants with SCI or aged >45 years
were included or analyzed separately, we contacted the
authors for additional data. Authors were contacted via e-
mail for data twice over a 3-week period. If authors were
unresponsive, the study was excluded. Studies with individu-
als with SCI of all ages were excluded if the sample size of
people aged >45 was less than 10 participants. Other
excluded studies were animal studies, case control studies,
and randomized controlled trials where the sample was com-
posed solely of participants that were non-exercisers.

Outcomes

The primary outcome was LTPA levels measured via self-
reported diaries or valid questionnaires, such as the Physical
Activity Scale for Individuals with Physical Disability

(PASIPD), the Physical Activity Recall Assessment for People
with Spinal Cord Injury (PARA-SCI), or the Leisure-Time Phys-
ical Activity Question for people with Spinal Cord Injuries
(LTPAQ-SCI). Studies that used accelerometers or other
questionnaires, and scales to assess physical activity partici-
pation, were also included. Secondary outcomes were inten-
sity (recall assessments, Borg rating of perceived exertion
scale or wearable monitors), duration, frequency, and
modality of LTPA that could be measured using the above
tools.

Data extraction

Two of the review authors (L.S./C.Q.0./P.S./E.R.) indepen-
dently extracted data using a standardized data extraction
form. The following information was extracted for each
study: first author, year of publication, study design, aim,
setting, duration of study (when applicable), sample size,
mean age, injury characteristics (injury level, time since
injury, paraplegia/tetraplegia, INSCSCI score, complete/
incomplete injury), details of LTPA outcomes (eg, frequency,
intensity, duration, and modality of LTPA) where available;
and the proportion of participants engaging in LTPA. For
studies with 2 reported time points, we used the longest
time point post injury to better reflect the physical activity
behaviors of people living in the community for longer. If
studies reported being affected by COVID, we used pre-
COVID measures only, as COVID may have affected the par-
ticipant’s ability to engage in LTPA.

Risk of bias assessment

The risk of bias of the included studies was assessed using the
Joanna Briggs Institute (JBI) critical appraisal for cross-sec-
tional studies*”** (appendix 2). The JBI has 8 items and pro-
vided a score (Yes, No, Unclear) for each item. Item 7 was not
applicable for this review because it assesses the validity and
reliability of “outcomes”, and this review only assessed the
exposure to LTPA and not LTPA as an outcome. The JBI recom-
mends that each item is reported separately without provid-
ing a summed score.>? The JBI was used for longitudinal
studies and clinical trials as only 1 cross-sectional time point
was included in the review. Two review authors (L.S./C.Q.0./
P.S./E.R.) independently conducted the risk of bias assess-
ment. Any disagreements were discussed and if agreement
could not be achieved, a third review author (A.V.) was con-
sulted to make the final decision.

Synthesis methods

A meta-analysis was completed for all studies that reported
total or moderate-to-heavy LTPA scores in minutes per
week. Individual studies were pooled by outcome measure
used and were combined in the meta-analysis. For studies
that used the PASIPD tool, a separate meta-analysis was per-
formed as this tool reports LTPA in metabolic equivalent of
task (MET) hours per day and not minutes per week. PASIPD
“total scores” and “recreation scores” were included in a
separate meta-analysis, as total PASIPD scores encompass
recreational, household, and occupational physical activi-
ties, which is more than only LTPA while the PASIPD
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“recreation scores” more closely align to our definition of
LTPA. Data were obtained in text or requested from authors.
Self-report tools that reported in minutes per day were con-
verted to minutes per week for consistency in the meta-
analysis.

The meta-analysis was completed in R**? using the “meta”
package. Inverse variance weights were performed on log trans-
formed values from the systematic review and back-trans-
formed after a random-effects meta-analysis. Results (mean,
pooled means, and 95% Cl) were displayed in a forest plot. Het-
erogeneity was assessed using the I? and 7? statistics.

Results
Study selection

We screened 11,728 titles and abstracts of studies and
assessed 117 full texts (fig 1). Once secondary reports from
original studies were excluded,?® 80 authors were contacted
for data for participants >45years. Seventeen authors

provided the requested data, however, the data for 2 studies
were unclear and excluded. In total, 19 studies were
included in this review, and 11 studies were included in the
meta-analysis. From the 15 studies that include participants
of all ages, the proportion participants aged >45 years old
ranged from 18% to 85%. Only 4 studies provided data in the
report for participants >45 years.

Characteristics of included studies

Study design

Fifteen cross-sectional studies,
longitudinal,***¢ and 2 clinical trials were included.*”**® For
the clinical trials, only baseline LTPA data were obtained. One
longitudinal study (n=29, >45 years) reported levels of LTPA
at 2 different data points, 6 months and 12 months post-hos-
pital discharge,*® so the latest timepoint (12 months) was
chosen. Another longitudinal study reported levels of LTPA at
2 different timepoints, pre-COVID and during COVID,* so the
pre-COVID timepoint was used. The studies were performed
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Table 1 Summary table of participants >45 years old
Author, Year, and Country Number of Number of Age (Mean Paraplegia/ Complete/ Time Since ISNCSCI Classification (%)
Study Design Participants  Participants years £ SD) Tetraplegia (%) Incomplete (%) Injury (Mean
>45 years years =+ SD)
Blauwet, 2013 United States 149 104 55.11£5.69 47.12/52.88 N/R 22.39+12.35 A -50.96
Cross-sectional study B-0
C—8.65
D—42
Connell, 2023 Canada 98 18 56.06+6.58 55.56/44.44 N/R N/R N/R
Cross-sectional study
de Groot, 2016 Netherlands 223 157 53.78+6.07 46.5/52.2 /1.3* 66.7/33.3 28.61+8.08 A —66.7
Cross-sectional study B—12.8
c-83
D—-12.2
0.6*
de Oliveira, 2016 Australia 64 39 57+8.63 53.85/46.14 35.90/64.10 14.00+14.01 N/R
Clinical trial
Eitivipart, 2021 Thailand 200 44 51.49+5.91 63.64/36.36 70.45/29.55 22.50+15.49 A —50.96
Cross-sectional study B-0
C—8.65
D —40.38
Hansen, 2021 Denmark 181 MWCUs 69 SCI 58+8.17 70/20/10* 46/51/3* N/R N/R
Cross-sectional study
Jorgensen, 2017 Sweden 119 119 63.5+8.7 N/R N/R N/R Tetraplegia AIS A—C: 18
Cross-sectional study Paraplegia AIS A—C: 33
AL AIS D: 50
Koutrakis, 2019 United States 174 174 57+12.4 N/R N/R N/R Cervical motor complete
Cross-sectional study & ISNCSCI C: 23;
Other motor complete &
ISNCSCI C: 37.4
ALLISNCSCI D: 39.7
Lundstrom, 2017 Sweden 73 73 63.7£9.4 N/R N/R 36.3+9.2 A—56.2
Cross-sectional study B-6.9
C—-16.4
D —20.5
Marco-Ahullo, 2021 Spain 20 13 52.15+6.61 100/0 N/R 19.69+10.5 N/R
Longitudinal study
Matsuda, 2020 United States 1812 (total), 305 (SCI) 59.85+9.35 50/50 41/52/7* 21.14+21.02 N/R

Cross-sectional study

414 (SCI)

(continued)
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Table 1 (Continued)

Author, Year, and Country Number of Number of Age (Mean Paraplegia/ Complete/ Time Since ISNCSCI Classification (%)
Study Design Participants  Participants years =+ SD) Tetraplegia (%) Incomplete (%) Injury (Mean
>45 years years £ SD)
Myers, 2012 United States 26 26 56.92+5.74 N/R 23.8+12.3 Tetraplegia, ISNCSCI A &
Clinical trial B-34.6
Tetraplegia, ISNCSCI C —
0
Paraplegia, ISNCSCI A & B
—30.8
Paraplegia, ISNCSCI C —
15.4
ISNCSCID — 19.2
Neto, 2021 Brazil 108 23 53.4+7.33 100/0 100/0 15.60+16.04 N/R
Cross-sectional study
Postma, 2020 Netherlands 38 29 59+9.87 48.6/51.4 0/100 N/R A-0
Longitudinal study B-0
C-54
D—94.6
Rauch, 2014 Switzerland 505 336 56.37+9.04 72.67/26.43/0.90* 46.85/52.55/2.10* 21.97+12.19 N/R
Cross-sectional study
Rauch, 2016 Switzerland 485 277 (>51y/0) * Whole sample: Whole sample: N/R
Cross-sectional study Mean age for C para: 32.9 17.3+12.9
whole sample IC para: 35
52.9+14.8 Ctetra: 11.4
IC tetra: 20.7
Rocchi, 2017 Canada 73 55 58.44+7.77 63/37 N/R 22.58+13.84 A —42.60
Cross-sectional study B—-11.10
C —18.50
D —25.90
E—1.90
Santino, 2021 Canada 170 144 63.53+10.27 46.9/53.1 N/R 24.43+10.27 A—41.00
Cross-sectional study B—-9.70
C—-4.20
D — 37.50
7.6*
Watson, 2022 Australia 1579 1281 62.67+10.09 57.8/35.8/6* 30.1/63.5/6.4* 18.67+14.76 N/R

Cross-sectional study

Abbreviations: C, complete; IC, incomplete, N/R, not reported; MWCU, Manual Wheelchair User.

" Unknown/missing data.
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Table 2 Risk of bias assessment

Study Q1 Q2 Q3 4 Q5 Q6 Q7 Q8
Blauwet, 2013 v o/ X X X X N/A U
Connell, 2023 v v v o x v v NAV
de Groot, 2016 v v v v v vV NAV
de Oliveira, 2016 v v v Vv N/A N/A N/A N/A
Eitivipart, 2021 v v v VX X N/A x
Hansen, 2021 x v x x U v  N/A V
Jorgensen, 2017 v v v v v N/A v
Koutrakis, 2019 v VX v/ v N/A v
Lundstrom, 2017 v v vV vV N/A N/A N/A vV
Marco-Ahullo, 2021 ¥ x V V X X N/A x
Matsuda, 2020 v VX x v v N/A v
Myers, 2012 v v v vV N/A N/A N/A N/A
Neto, 2021 VERRVERS SERVARS 4 X N/A x
Postma, 2020 v v v v U u N/A x
Rauch, 2014 v v o x v v vV NAV
Rauch, 2016 x v v v U U N/A U
Rocchi, 2017 v v v v v v NAV
Santino, 2021 v v v v v vV NAV
Watson, 2022 v/ X X X u N/A U

NOTE. Q1. Were the criteria for inclusion in the sample clearly
defined? Q2. Were the study subjects and the setting described
in detail? Q3. Was the exposure measured in a valid and reliable
way? Q4. Were objective, standard criteria used for measure-
ment of the condition? Q5. Were confounding factors identified?
Q6. Were strategies to deal with confounding factors stated? Q7.
Were the outcomes measured in a valid and reliable way? Q8.
Was appropriate statistical analysis used?

Risk of bias assessed using the Joanna Briggs Institute critical
appraisal checklist for analytical cross-sectional studies.
Abbreviations: v/, yes; X, no; U, unclear; N/A, not applicable.

in Europe, Asia, South and North Americas (table 1). Only 2
studies came from low-income countries.3”*'

Participants

Overall, 1987 participants aged over 45 years were
included in this review. The injury characteristics are
described in table 1. The sample sizes of participants
ranged from 13 to 336. The mean age range of partici-
pants was from 51.5 to 63.5 years. The mean time since
injury ranged from 16 to 36 years. The proportion of par-
ticipants with paraplegia ranged from 47% to 100%, and
0% to 53% for tetraplegia.

Risk of bias

Of the 19 included studies, 84% and 94% of studies met ques-
tions 1 (Were the criteria for inclusion in the sample clearly
defined?) and 2 (Were the study subjects and the setting
described in detail?), respectively. Sixty three percent and
74% of studies met question 3 (Was the exposure measured
in a valid and reliable way?) and 4 (Were objective, standard
criteria used for measurement of the condition?), respec-
tively. Fifty percent to 56% of studies met questions 5, 6,
and 8 (Were confounding factors identified? Were strategies
to deal with confounding factors stated? Was appropriate
statistical analysis used?) (table 2).

Exposure

The outcomes used to measure the exposure (LTPA participa-
tion) are outlined in table 3. Four studies used the PASIPD, 2
studies used the LTPAQ-SCI, 1 study used the Godin Leisure-
Time Exercise Questionnaire, 3 studies used the PARA-SCI, 1
study used the Participation Survey of Mobility Limited Peo-
ple version 3 (PARTS/M-v3) outcome measure (where we
extracted the “active recreation” data), 5 studies used non-
validated self-report measures, and 1 study used an acceler-
ometer to measure time spent on LTPA.

LTPA participation

Three studies (n=202) reported that 27%-64% of their partici-
pants did not participate in any LTPA at all (table 3). Seven stud-
ies (n=1704) found that participants engaged between 243 and
718 mins/week in LTPA (table 3). Six studies (n=419) reported
on participation in moderate-heavy LTPA and found that the par-
ticipants completed between 157 and 268 mins/week (table 3).
LTPA participation using self-reported measures (in mins/week)
(fig 2) showed a mean [95% confidence interval] of 260 [205;
329] mins/week, which included light, moderate, and heavy
LTPA. LTPA participation using the PASIPD (fig 3), measured in
MET hours/week, was 16.9 [13.7; 20.7] MET hours/week, inclu-
sive of activities of daily living and 10.8 [5.8; 20.4] MET hours/
week excluding activities of daily living.

Frequency, duration, intensity, and modality of LTPA

Eight studies (n=1001) provided levels of participation in
moderate-heavy intensity LTPA. Moderate-to-heavy intensity
of self-reported LTPA (5 studies included in the meta-analy-
sis) was 173 [118; 255] mins/week (fig 2). LTPA duration and
frequency was represented as minutes per day, minutes per
week, hours per week, or MET hours/week, depending on
the tool used (table 3). Only 2 studies (n=133) provided the
modality of LTPA, which included walking, using a wheel-
chair, hand-cycling, basketball, swimming, and other leisure
activities/sports (table 3). Three studies (n=513) reported
that between 20% and 58% of individuals participated in
sports on a weekly basis (table 3).

Discussion

An estimated 27%-64% of middle/older-aged adults partici-
pated in no LTPA."”3”-*® The average weekly participation in
moderate-to-heavy LTPA (173 mins/week) suggested that
many individuals aged 45 and over could be meeting the
WHO recommendations for aerobic physical activity to pre-
vent cardiovascular diseases. On average, people partici-
pated in a satisfactory amount of “total LTPA” (including
light, moderate, and heavy intensities) with an average of
260 mins/week. There was substantial variation in LTPA par-
ticipation as shown by the large standard deviations in the
included studies. This indicates that while some people
might participate in large amounts of LTPA, others are
engaging in very little or no LTPA. Those participating in
LTPA engaged in a variety of modalities including wheeling,
hand-cycling, walking, basketball, swimming among others,



Table 3 LTPA participation for participants >45 years

Author, Year, and Study Outcome Measure LTPA Participation (Mean +SD  Mod-heavy LTPA Participation LTPA Modality Participation in
Design Unless Stated Otherwise) Participation (Mean + SD in Sports (%) NO LTPA (%)
Unless Stated Otherwise)
Blauwet, 2013 Nil validated OCM N/R N/R 20.2 Basketball, bowling, N/R
Cross-sectional study Participants asked: “Do you tennis, racquetball,
participate in any organized fishing, swimming,
sports?” and to list the type of canoeing, skiing, road
sport. racing, coach
football, curling,
sailing, golf, rowing,
hand cycling,
hunting, martial arts,
rowing, wheelchair
softball
Connell, 2023 PARA-SCI (mins/week) 283+596 91+113 N/R N/R N/R
Cross-sectional study
de Groot, 2016 PASIPD (MET h/week) 16.7+17.1 N/R N/R N/R N/R
Cross-sectional study
de Oliveira, 2016 PARA-SCI (mins/day) Mild LTPA 10+26 Moderate LTPA 14426 N/R N/R 27
Clinical trial Moderate LTPA 14426 Heavy LTPA 21+53
Heavy LTPA 21+£53 Total moderate-heavy
Total LTPA score: 45+54 LTPA: 36+51
Eitivipart, 2021 Thai PARA-SCI (mins/day) Mild LTPA 4+18 Moderate LTPA 12+ 25 N/R N/R Total LTPA:
Cross-sectional study (mins/week) Moderate LTPA 12425 Heavy LTPA 613 Age 46-60: 50
Engaging in Strengthening Heavy LTPA 6+13 Total moderate-to-heavy Age 61-75: 64
Exercise or Aerobic Exercise Total LTPA: 158+251 LTPA: 127+215 Moderate-to-
>20 min: 61.4% do not engaging in heavy LTPA:
strengthening Exercise and Age 46-60: 50
Aerobic Exercise Age 61-75: 56
18.2% engage in strengthening
exercise only
13.6% engage in aerobic
exercise only
6.8% engage in both strength
and aerobic exercise
Hansen 2021 Self-reported PAL on a 10-point Low PAL n=19 (27.5%) N/R N/R N/R N/R
Cross-sectional study scale (1=not being physically Medium PAL n=37 (53.6%)
active at all; 10=extremely High PAL n=13 (18.8%)
physically active)! Mean: 5.8+2.0
Jorgensen, 2017 PARA-SCI (mins/week) 2434291 1584246 N/R N/R 29
Cross-sectional study
Koutrakis, 2019 Self-report (no validated 360+324 N/R N/R N/R N/R
Cross-sectional study questionnaire) (mins/week)
(continued)
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Table 3 (Continued)

Author, Year, and Study Outcome Measure LTPA Participation (Mean = SD  Mod-heavy LTPA Participation LTPA Modality Participation in
Design Unless Stated Otherwise) Participation (Mean + SD in Sports (%) NO LTPA (%)
Unless Stated Otherwise)
Lundstrom, 2017 PARTS/M-v3 N/R N/R 58% for participants N/R N/R
Cross-sectional study Participation in “Active with TSI 20-30
recreation” years
23% for participants
with TSI of 36-55
years
Marco-Ahullo, 2021 PASIPD (MET h/week) Total: 21.5+£12.3 N/R N/R N/R N/R
Longitudinal study Recreation: 15.54+11.8
Matsuda, 2020 GLTEQ — modified* (Total Activity Leisure score: Moderate-to-Strong leisure N/R N/R N/R
Cross-sectional study Score) Mild days/week: 3+2.8 score: 19
Mod days/week: 2+2.5
Strong days/week: 1£1.7
Weekly leisure score: 25
Myers, 2012 PASIPD (MET h/week) 13.9£10.0 N/R N/R N/R N/R
Clinical trial
Neto, 2021 Nil validated OCM. PAL was 1 n=3 (13.04%) N/R N/R N/R N/R
Cross-sectional study estimated based on hours of 2 n=14 (60.87%)
participation in sports and 3 n=4 (17.39%)
exercises. 4 n=2 (69%)
1=sedentary (0 hours per week),
2=moderately active (1-3 hours
per week),
3=active (3-6 hours per week),
and
4=very active/athlete (more than
6 hours per week).
Postma, 2020 Accelerometer (mins/week) 7184345 N/R N/R Walking, running, N/R
Longitudinal study cycling, wheeling
Rauch, 2014 Nil validated outcome measure. N/R N/R 1 n=29 (8.63%) N/R N/R
Cross-sectional study “Sport” was not defined more 2 n=98 (29.17%)
precisely than “more than 30 3n=71(21.13%)
minutes”. 4n=17 (5.06%)
1=daily; 5n=121 (36.01%)
2=several x per week;
3=once per week;
4=several x per month;
5=less
Rauch, 2016 PASIPD (MET h/week) — modified  Recreation only: Recreation only: N/R N/R N/R
Cross-sectional study (items 3-6) Age 51-70: 8.4 (mean); 6 (2.3, Age 51-70: 4.3 (mean), 2.2
11.3) (0.0; 6.0)
Age 71 & older: 6.9 (mean), Age 71 and older: 3.1
4.5 (1.5, 10.5) (mean), 1.5 (0.0; 5.3)
(continued)
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Table 3 (Continued)

Author, Year, and Study Outcome Measure LTPA Participation (Mean = SD  Mod-heavy LTPA Participation LTPA Modality Participation in
Design Unless Stated Otherwise) Participation (Mean + SD in Sports (%) NO LTPA (%)
Unless Stated Otherwise)

Rocchi, 2017 LTPAQ-SCI (days, mins) Aerobic mild days: Aerobic moderate days: N/R N/R N/R
Cross-sectional study 1.14+2.2 1.1+1.8

Aerobic mild mins: Aerobic moderate mins:

23+69 23+64

Aerobic moderate days: Aerobic heavy days:

1.1£1.8 0.7+1.7

Aerobic moderate mins: Aerobic heavy mins:

23+64 7+20

Aerobic heavy days: Resistance moderate days:

0.7+1.7 0.6+1.2

Aerobic heavy mins: Resistance moderate mins:

7+20 14431

Resistance mild days: Resistance heavy days:

0.4+1.3 0.2+1.1

Resistance mild mins: 13+46 Resistance heavy mins:

Resistance moderate days: 2+6

0.57+1.19

Resistance moderate mins:

14+31

Resistance heavy days:

0.24+1.06

Resistance heavy mins: 2+6
Santino, 2021 LTPAQ-SCI (mins/week) N/R 268441 N/R N/R N/R
Cross-sectional study
Watson, 2022 PASIPD — modified (mins/week) 225+431 N/R N/R N/R N/R

Cross-sectional study

Abbreviations: ADL, Activity of Daily Living; GLTEQ, Godin Leisure-Time Exercise Questionnaire; Mod-heavy, moderate to heavy; N/R, not reported; PAL, Physical Activity Level; PARTS/M-v3,
Participation Survey of Mobility Limited People version 3; TSI, time since injury.

" GTLEQ-modified - Physical activity was measured by participants reporting the number of days they spent doing more than 15 minutes of physical activity during their free time, over a 7-day
period (1 week), in each of 3 categories (strenuous, moderate, and mild). Their modified version asked participants the “number of days” spent in various exercise activities. The total activity
score (LSI) is then calculated by multiplying the frequency score (number of days in each category) by metabolic equivalents for each respective category (3=mild, 5=moderate, 9=strenuous).
individuals reporting moderate-to-strenuous LSI > 24 are classified as active, whereas individuals reporting moderate-to-strenuous LSI < 23 are classified as insufficiently active.

T PAL scores ranged from 1 to 10 and were stratified for descriptive purposes as follows: 1-4=low PAL; 5-7=moderate, PAL; and 8-10=high PAL.

ol
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LTPA in middle- or older-aged adults with SCI 11
Study Total Mean SD Minutes PA/week Effect 95% Cl Weight
de Oliveira 2016 39 249 358 —a— 249 [159;391] 19.3%
Jorgensen 2017 119 158 246 - 158 [119;208] 21.5%
Eitivipart 2021 44 127 215 | —=— 127 [77;210] 18.5%
Santino 2021 144 268 41 268 [262;275] 23.2%
Connell 2023 18 91 113 | =— 91 [52;161] 17.5%

-
de Oliveira 2016 39 318 376 —— 318 [219;460] 17.1%
Jorgensen 2017 119 243 290 = 243 [196;301] 18.6%
Koutrakis 2019 174 360 324 & 360 [315;412] 19.2%
Eitivipart 2021 44 158 251 —&— 158 [99;253] 15.9%
Watson 2022 1281 225 431 = 225 [203;250] 19.3%
Connell 2023 18 283 596 283 [107;748] 9.9%
> ;
Postma 2020 29 718 345 : : |—~—| : 718 [603; 855] 100.0%

0 200 400 600 800 1000

Fig 2 Meta-analysis of physical activity participation using self-reported measures (mins/week).

tion. Cl, confidence interval, PA, physical activity.

Abbreviation: SD, standard devia-

Study Total Mean SD Hours PA/week Effect 95% Cl Weight
Myers 2012 26 13.9 10.0 — 13.9 [10.5;18.3] 32.6%
de Groot 2016 157 16.7 171 e 16.7 [14.2;19.6] 35.8%
Marco-Ahullo 2021 13 215123 —— 21.5 [15.8;29.3] 31.6%
~ 196 - 16.9 [13.7; 20.7] 100.0%
Rauch 2016 274 81 6.7 81 [7.3; 89] 56.9%
Marco-Ahullo 2021 13 15,5 11.8 — e 15.5 [10.2;23.4] 43.1%
287 —————— 10.8 [5.8;20.4] 100.0%

. ) T T T T

0O 5 10 15 20 25 30

Fig 3
confidence interval, PA, physical activity.

although “modality and frequency” of LTPA was not fre-
quently reported.

The considerable variability in the amount of weekly LTPA
observed is consistent with previous research among people
with SCI.'737-4° Comparative analysis of LTPA participation
between middle/older-aged adults with SCI and the general
(non-SCl) aging population (>45 years) in 2 countries showed
notable differences. The SASCIS study found that 29% of indi-
viduals with SCI aged >45 years were sedentary, meaning
that they engaged in no LTPA." In a different study, from
Thailand, 50% of the individuals with SCI aged 46-60 years
did not participate in any LTPA, and the proportion increased
to 64% among those aged 61-75 years.>” A Canadian study,
including individuals with SCI of all ages, showed that on
average people participated in 55 mins/day of LTPA, which

Meta-analysis of physical activity participation using the PASIPD (MET hours/week). Abbreviation: SD, standard deviation. Cl,

could be interpreted as very active, however, while some
people with SCI were engaging in considerable amounts of
LTPA, most were doing much less (median of 33 mins/day).*
In comparison, in Sweden, 18% of the non-disabled popula-
tion (>65 years) are sedentary,”® and in Australia 4.2% of
men and 4.1% of women aged 65-74 years are sedentary,
increasing to 13.2% (men) and 20.5% (women) once aged
over 85 years.”' Given this, there is a large difference in
LTPA in people with and without SCI. This disparity highlights
the concerningly high prevalence of sedentary behavior and
the need for targeted interventions to promote LTPA among
middle/older-aged adults >45 years with SCI.

We found a large variation in the outcome measures
used to assess LTPA in the SCI population, which made
direct comparisons across all studies difficult. Some
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studies used the PASIPD and reported measurements in
MET hours per week, while others used the PARA-SCI or
the LTPAQ-SCI, reporting in minutes per day or week.
These differences posed a challenge to the data synthesis
and comparisons between studies. When data were
obtained from authors, it often only included total
PASIPD scores, which included a combination of recrea-
tional, household, and occupational physical activities.
Consequently, the reported total PASIPD score in MET h/
week appears disproportionally high as total score com-
prises of “occupation, activities of daily living and recre-
ation”, hence the inclusion of “recreation score” alone
when available. One study included in this review used
accelerometer data to assess LTPA participation and
excluded sedentary behaviors such as minor maneuvering
of a wheelchair, but still captured all physical activities
including activities of daily living.“® The inconsistency in
reporting of the included studies could be related to the
lack of initiatives to implement a core outcome set of
measures of physical activity participation. There have
been some core outcome set initiatives, with 1 recom-
mending the use of the PARA-SCI,>? but no final consensus
has been made.’”* The International Spinal Cord Injury
Society has no recommended core outcome sets including
LTPA.>*>° As there are a lot of different measures for
LTPA, it is problematic for comparisons and generaliza-
tion of findings, as shown in this review.

Strengths and limitations

This is the first review that investigates LTPA in middle/
older-aged adults with SCI. Extensive efforts were made to
contact 80 authors for specific information related to indi-
viduals >45 years and above. Only 4 studies reported on mid-
dle/older-aged adults as a separate group. Many studies
screened for this review did not publish LTPA data on differ-
ent age groups, despite occasionally establishing correla-
tions between LTPA and age. Fifteen authors responded with
relevant data. Some authors of studies with large data sets
on LTPA were unresponsive to our inquiries and data from
these studies were excluded from this review. Inclusion of
these data could have changed overall conclusions or
increased the certainty of these. Limitations arise from reli-
ance on authors’ data, often lacking raw LTPA levels for dif-
ferent injury levels, providing only percentages of
paraplegia and tetraplegia. Varying reporting practices
across studies further hindered assessing LTPA differences
between these groups, constraining subgroup analysis
depth. For 1 study, '® we could not combine data points (pro-
vided by the author) to produce a total LTPA score, leading
to its exclusion from the meta-analysis. One study*
reported significantly higher levels of LTPA, likely attributed
to the use of an accelerometer. Another study discussed that
a major limitation of their study was the large amount of
missing LTPA data, and the authors noted the presence of
(unrealistic) extreme values.”?> Only 3 studies®” '3
reported strength-specific physical activity, despite WHO
physical activity guidelines and the Canadian SCl-specific
physical activity guidelines outlining both aerobic and
strength requirements'® to achieve health benefits. Unfortu-
nately, the use of the JBI for risk of bias does not assess

dealing with missing data, or management of data so these
were not accounted in our risk of bias assessment. Finally,
this review included predominantly (89%) high income earn-
ing countries, with only 2 low-income countries
included.*”*" Taken together, these limitations could affect
the comprehensiveness and generalizability of our findings.

Clinical implications and future research

There is a significant variation in the weekly time spent
doing LTPA. Some people with SCI >45 years seem to meet
the recommended physical activity guidelines, but concern-
ingly, some are participating in little to no LTPA at all. This
means middle/older-aged adults with SCI are at an increased
risk of developing cardiometabolic diseases and increased
disability. Embedding LTPA early on post injury is crucial in
maintaining LTPA participation,?® and providing support to
those people aging with SCI with the correct resources (as
early as possible) to access LTPA to live a healthy and ful-
filled life is necessary.

Future research should report LTPA data on different
age groups, or make all data freely available, so that
strategies to embed LTPA to middle/older-aged people
with SCI can be targeted correctly. Future research
should attempt to use a common validated and reliable
outcome measure, consistent across studies. Consensus
should be drawn about the appropriate tool used, which
should be able to measure against the WHO physical
activity guidelines and SCl-specific guidelines. Further-
more, future studies should focus on identifying those at
risk of not participating in LTPA post-SCI in middle/older-
age and on the determinants of LTPA participation. Policy
initiatives to increased LTPA uptake could include
increasing government funding, improving community
access, and promoting enjoyable LTPA. Supporting physi-
cal activity initiatives in those aging reduces the risk of
losing mobility and independence and will ultimately
reduce associated health costs and hospitalizations asso-
ciated with declines in health and disability.

Conclusions

There is considerable variability in LTPA participation
among middle/older-aged adults with SCI. Because of dif-
ferences in reporting, it was challenging to combine and
compare results across studies. Limitations in data avail-
ability and varied reporting practices restricted subgroup
analysis, particularly in assessing LTPA disparities
between those with paraplegia vs tetraplegia. While
some middle/older-aged adults with SClI seem to be
meeting recommended weekly aerobic physical activity
guidelines and likely achieving the health benefits, there
are still some participating in little to no LTPA. There-
fore, strategies to increase LTPA participation and inten-
sity for aerobic and strength activities in middle/older-
aged adults with SCI are necessary. Because of the signifi-
cant variation in the outcome measures used to report
LTPA, initiatives to implement core outcome sets in phys-
ical activity research in SCI are needed.
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