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ABSTRACT
Purpose: Reducing sedentary behaviour may be an intervention target to improve
cardiovascular health in individuals with spinal cord injury. The aim of this study was to
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systematically review the effects of interventions on sedentary behaviour and Revised 13 November

cardiovascular disease biomarkers in individuals with paraplegia. igig ted 16 November
Materials and methods: Following prospective protocol registration (CRD42023420260), 2025p

eleven sources were searched to identify articles, which were screened by two reviewers.

Eligible articles included participants with paraplegia, interventions targeting physical KEYWORDS

Cardiometabolic health;
cardiovascular disease;
spinal cord injury;
paraplegia; sedentary
behaviour; physical
activity

activity and/or sedentary behaviour and studies that measured sedentary behaviour and
cardiovascular disease biomarkers. Quality of evidence was assessed for each outcome.
Results: Two interventions targeting sedentary behaviour and six targeting physical
activity were included. One intervention targeting sedentary behaviour and one
targeting physical activity reduced sedentary behaviour. Two interventions targeting
sedentary behaviour and three targeting physical activity improved cardiovascular
disease biomarkers. Quality of evidence was very low for sedentary behaviour and
moderate for cardiovascular disease biomarker outcomes.

Conclusions: Sedentary behaviour was not improved by physical activity interventions
but these interventions may improve cardiovascular disease biomarkers in individuals
with paraplegia. Interventions targeting sedentary behaviour, although limited, show
potential effectiveness for improving cardiovascular disease biomarkers; such interventions
require further investigation to inform public health and clinical care guidelines.

> IMPLICATIONS FOR REHABILITATION

« Physical activity interventions are not effective for reducing sedentary behaviour in
individuals with paraplegia

- Evidence regarding interventions targeting sedentary behaviour is limited, but such
interventions show some potential effectiveness

- Interventions targeting sedentary behaviour in paraplegia should be investigated
further to inform their relevance for rehabilitation

Introduction

A spinal cord injury (SCI) is a life-changing event that can cause loss of motor, sensory and autonomic
function across and below the site of the injury [1]. Consequently, many individuals with SCI become
manual wheelchair users [2,3]. A number of physical changes occur due to SCl, such as increased body
mass and abdominal body fat [4], which are adversely associated with cardiovascular disease (CVD) bio-
markers (e.g. glycaemia and lipid profile) in this population group [5]. This combination of factors makes
the SCI population highly susceptible to cardiovascular disease (CVD) [6].
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Physical activity has been defined as “any bodily movement produced by skeletal muscles that results in
energy expenditure” [7]. Greater levels of physical activity are associated with a decreased risk of CVD in
non-disabled individuals [8]. Evidence-based guidelines recommend 40 min of moderate-to-vigorous-intensity
physical activity (MVPA) per week to improve fitness and cardiometabolic health in individuals with SCI [9].
Paraplegia is described as damage to the spinal cord at the first thoracic vertebrae (T1) or below, resulting
in trunk and lower limb dysfunction [10]. Retained function in the upper limbs gives greater capability for
physical activity compared to individuals with tetraplegia who additionally have loss in upper limb function
[11]. The majority of physical activity interventions in individuals with SCI have involved regular arm crank
ergometry exercise [12]. These interventions have generally been successful for increasing MVPA in individ-
uals with paraplegia [13-16]. Improvements in CVD biomarkers have also been reported in such interven-
tions [17,18], but with mixed findings [13,18,19]. However, the SCI population generally engage in low levels
of physical activity, with 44% of individuals reporting no participation in MVPA whatsoever [20].

Reducing sedentary behaviour (“an energy expenditure of < 1.5 metabolic equivalents (MET) while
sitting, lying or reclined during waking hours”) [21], could be an alternative intervention target to MVPA
for improving cardiometabolic health [22]. Individuals with SCI have been reported to spend more than
11h per day being sedentary when measured using accelerometry [23]. This population group inherently
spend long periods of time sitting due to regular or complete reliance on a wheelchair for mobility.
Higher levels of sedentary behaviour are associated with increased risk of CVD in the general population,
independent of physical activity [24,25]. Interventions targeting sedentary behaviour have been effective
in reducing daily sedentary behaviour [26] and improving CVD biomarkers [27] in non-disabled individ-
uals. The positive effects of reducing sedentary behaviour in non-disabled individuals could be of clinical
relevance in those with SCI. Reducing and breaking up sedentary behaviour may also be more achiev-
able than MVPA for individuals with long-term conditions [28].

A systematic review is needed to understand the potential effectiveness of interventions for reducing
sedentary behaviour and improving CVD biomarkers in individuals with SCI. This could help to inform sed-
entary behaviour guidelines. A focus on individuals with paraplegia may be particularly relevant as this
type of SClI provides a greater opportunity to break up sedentary behaviour due to retained upper limb
function. The aims of this study were to systematically review (1) the effects of interventions on sedentary
behaviour, and (2) the effects of these interventions on CVD biomarkers, in individuals with paraplegia.

Methods

The systematic review protocol was registered prospectively on the International Prospective Register of
Systematic Reviews database (CRD42023420260) and is reported in accordance with the Preferred Reporting
Items for Systematic reviews and Meta-analyses (PRISMA) guidelines (Supplementary file 1) [29].

Eligibility criteria

The Population, Intervention, Comparators, Outcomes and Study design (PICOS) process [30] was used as
the framework to guide the eligibility criteria (Table 1). Articles were excluded if the publication was not
in English. Published journal articles, conference papers, theses and pre-printed papers were eligible for
inclusion. Conference abstracts were only eligible if the review team could obtain the necessary data
from the abstract or study authors.

Table 1. Population, intervention, comparator, outcomes, and study design criteria for the review.

PICOS component Eligibility criteria
Population Adult participants (> 18years old) of any sex with paraplegia.
Intervention Any intervention that targeted a reduction in sedentary behaviour, or targeted an increase in physical activity and
included a measurement of sedentary behaviour as an outcome.
Comparator Studies with or without comparators, including either passive control or active control.
Outcomes Aim 1: Sedentary behaviour as measured by self-report or device.
Aim 2: > 1 cardiovascular disease biomarker.
Study design Randomised controlled trials, uncontrolled trials, crossover trials, quasi-experimental studies, pre-post studies, pilot

studies, and feasibility studies.
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Population

Studies with adults (= 18years old) with paraplegia were eligible. It was anticipated that articles would
vary in their definition of paraplegia; therefore, this review kept the definition purposefully broad to
capture all articles that may provide data relevant to the review aims. For example, studies that provided
brief or detailed definitions of paraplegia, or where individual level of injury were included. Studies that
included participants with paraplegia and tetraplegia were included irrespective of the proportion of the
sample with paraplegia as the outcomes would be relevant to the review’s target population. Studies
were excluded if participants were predominantly ambulant in order to ensure a focus on the target
population of this review i.e., manual wheelchair-users who have the opportunity to break up sedentary
behaviour with upper-limb movement.

Intervention

Interventions that targeted a reduction in sedentary behaviour and/or an increase in physical activity (if
sedentary behaviour was reported as an outcome) were eligible. As such, interventions targeting physical
activity, which could lead to displacement of sedentary behaviour, were included. Interventions were not
limited with respect to any characteristic, delivery mode or dose.

Comparator
Studies with or without comparators were eligible, including passive or active control.

Outcome

Interventions that specifically target sedentary behaviour and/or include a quantitative measure of sed-
entary behaviour (self-reported, device-assessed) (Aim 1). Interventions that are eligible for aim 1 and
report outcomes for = 1 CVD biomarker (Aim 2).

Study design
Randomised controlled trials, uncontrolled trials, crossover trials, quasi-experimental studies, pre-post
studies, pilot studies and feasibility studies were eligible for inclusion.

Search strategy

Searches were conducted on 12 June 2023, followed by updated searches on 13 August 2024 and 2
September 2025, using the following databases: CINAHL Plus (via EBSCO Host), ClinicalTrials.gov, Cochrane
library, ISRCTN Registry, MEDLINE (via EBSCO Host), Psycinfo (via EBSCO Host), Physiotherapy Evidence
Database, PubMed, Scopus, SPORT Discus (via EBSCO Host), and Web of Science. There were no search restric-
tions on publication date or publication type. The full list of search strings is included within Supplementary
File 2. Reference lists of eligible articles were searched to identify any further potential studies for inclusion.

Study selection

Identified articles were exported to an online systematic review data management system (www.
covidence.org) for screening, following removal of duplicates. Two independent reviewers screened titles
and abstracts. Full texts were obtained for potentially eligible studies. The same reviewers independently
reviewed the full texts. The reviewers reached a consensus through discussion in cases of disagreement
during each stage of screening.

Quality appraisal

Risk of bias was assessed using the Cochrane Risk of Bias 2 tool for randomised trials (RoB-2) and relates
to five domains: randomisation, deviation from intended intervention, missing outcome data, measure-
ment of the outcome and selection of the reported results [31]. Risk of bias was determined as low, high
or some concerns [31].
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Data extraction

Two reviewers independently extracted items into a custom data extraction spreadsheet using Microsoft
Excel (Redmond, WA, USA). Extracted data included publication details, study design, participant charac-
teristics (age, sex, and level of injury), intervention characteristics (type, duration, frequency, intensity,
delivery mode, setting, provider, use of behaviour change theory), the methods used to measure out-
comes, and outcome results (effects on sedentary behaviour and CVD biomarkers).

Quality of evidence

The Grading of Recommendations, Assessment, Development and Evaluation (GRADE) criteria were used
to assess certainty of evidence for each outcome (sedentary behaviour and CVD biomarkers) across five
domains: risk of bias, inconsistency of results, indirectness of evidence, imprecision and publication bias
[32]. Overall certainty of evidence was rated as high, moderate, low or very low for each outcome [32].

Data synthesis

There was wide heterogeneity in study design and intervention characteristics. Therefore, a meta-analysis
was not undertaken. Instead, a qualitative synthesis was undertaken following Synthesis Without a
Meta-analysis guidelines (Supplementary File 3) [33]. Eligible studies were grouped into suitable catego-
ries to interpret the results. When neither P-values nor confidence intervals (Cl) were reported in a study,
95% Cls for mean differences were calculated to enable determination of statistical significance and aid
interpretation. When SD for the mean difference was not available, this was estimated following Cochrane
guidelines with a conservative r correlation of 0.5 assumed between baseline and follow-up SDs [34]. The
95% Cls were then calculated using a paired-samples t distribution, with adjustment for width of the
interval according to sample size [35]. Studies were synthesised in relation to:

« Nature of the intervention i.e. the target behaviour.

« Intervention characteristics (dose, setting, delivery mode, duration, use of behaviour change
theory).

«  Study population.

«  Outcome measurement method.

«  Risk of bias appraisal.

Results
Study identification

A total of 11,221 records were identified, from which 5,290 duplicates were removed (Figure 1). Titles and
abstract screening of the remaining 5,931 records resulted in 5,868 exclusions. The full-text of the 63
remaining records were assessed for eligibility, resulting in the removal of 54 records. Nine articles were
included in the final synthesis. Nightingale et al. [14,17] and Nooijen et al. [36,37] reported findings from a
single study across two separate articles; therefore, these were each considered one single intervention.
Martinez et al. [38] reported findings from two different interventions within a single article; therefore,
these were considered two distinct interventions. As a result, the review comprised eight distinct interven-
tions that were investigated in seven studies. The findings of these studies are reported across nine articles.

Study characteristics

Characteristics of the included studies are shown in Table 2. Three of the seven studies were under-
taken in the United Kingdom [14,18,39], two in the United States [38,40], one in the Netherlands [37]
and one in Norway [41]. Five studies were randomised controlled trials [14,18,37,40,41], one was a
randomised comparative effectiveness trial [38] and one employed a randomised controlled crossover
design [39].
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Records from databases/registers:

n =11,221
Scopus (n = 3,820)
Web of Science (n = 1,890)
PubMed (n = 1,600)
MEDLINE (n = 1,334)
Cochrane Library (n = 876)
CINAHL (n = 669)
PEDro (n = 379)
SPORTDiscus (n = 348)
PsycINFO (n = 149)
ClinicalTrials.gov (n = 111)
ISRCTN (n = 45)

Duplicate records removed:

A4

n = 5,290
A4
Titles and abstracts screened for eligibility: Records excluded:
n = 5,931 n=5,868

A 4

Full text articles screened for eligibility: Records excluded:

v

n =54
Wrong outcome (n = 31)
Duplicate (n = 9)
Not an intervention (n = 4)
Protocol paper (n = 4)
v Registry record where study has not been
Records included in qualitative synthesis: completed (n = 3)
Conference abstract where authors did not
n=9 provide data (n = 2)
Wrong population (n = 1)

n=63

Unique interventions included in synthesis:

n=8

Figure 1. PRISMA flowchart for article identification.

Sample size ranged from 14 [39] to 168 [40] participants (Table 2). Four studies had a sample includ-
ing only individuals with paraplegia [14,18,38,39]. Three studies included participants with paraplegia and
tetraplegia, in which outcomes were reported for the whole sample [37,40,41]. None of the study sample
sizes were powered a-priori to detect changes in sedentary behaviour. One study was powered a-priori
to detect changes in physical activity [40], and one was underpowered for detecting changes in physical
activity as the target sample size was not achieved [37]. Two studies were powered to detect changes
in CVD biomarkers, namely postprandial glucose [39] and fasting insulin [17]. One study was
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8 D.L. COOPER ET AL.

underpowered to detect changes in fasting insulin due to an insufficient sample size [18], whilst the
remaining three studies did not conduct power calculations for CVD biomarker outcomes [36,38,40].

Intervention characteristics

Of the eight interventions identified across the seven studies, six interventions targeted increases in
physical activity [14,18,37,38,40,41], whilst two targeted sedentary behaviour [38,39]. Interventions varied
from one day [39] to eight months [37] in duration. Three interventions were home-based exercise train-
ing protocols [14,18,38], one was a home-based online programme [40], one used an exercise training
protocol within a rehabilitation centre [41], one used motivational interviewing within a rehabilitation
centre [37], one involved a whole-day approach to replace sedentary behaviour with physical activity
[38], and one involved supervised breaks in sedentary behaviour within a controlled laboratory setting
[39]. Four interventions were explicitly informed by behaviour change theory, including Social Cognitive
Theory and the Relapse Prevention Model [40], Brief Action Planning [38] and motivational interviewing
based on the Transtheoretical Model [37].

Risk of bias

Risk of bias was consistent for both sedentary behaviour and CVD biomarker outcomes across studies.
Therefore, risk of bias in each domain is presented as a single judgement for each study (Figure 2).
With regards to bias arising from the randomisation process, six of seven studies were deemed low
risk [14,18,37-39,41], with one deemed high risk as allocation sequence was not concealed [40]. For
deviations from the intended intervention protocol, five studies had a low risk of bias [14,18,37-39]
and two had a high risk due to concerns around participant adherence [40,41]. Five of seven studies
had a low risk of bias arising from missing outcome data [14,18,39-41], one study raised some con-
cerns as a result of unexplained missing data points [37], and one study was high risk due to missing
data points [38]. Regarding measurement of outcome variables, five of seven studies were judged to
have low risk of bias [14,18,37,39,40], while two studies were deemed high risk due to the findings
being pooled from two separate trials undertaken in different settings [41] or the use of non-validated
methods for outcome measurement [38]. Four studies were assessed as low risk of bias arising from
the selection of the reported outcome variables [14,18,39,41], with the remaining three studies raising
some concerns as they did not follow a pre-specified data analysis plan [37,38,40]. Overall bias was
deemed low risk in three studies [14,18,39], high risk in three studies [38,40,41] and of some concern
in one study [37].

Study outcomes

Sedentary behaviour outcomes

Of the seven interventions that included a measurement of sedentary behaviour (Table 3) [14,18,37,38,40,41],
two led to improvements [38,40]. In one intervention where there was an improvement [40], self-reported
daily sitting was the sedentary behaviour outcome, measured using the International Physical Activity
Questionnaire (IPAQ) [42]. The other intervention that led to a reduction in sedentary behaviour used
METs derived from heart rate zones [38]. The remaining interventions, in which sedentary behaviour was
not reduced, employed accelerometry [14,18,37], heart rate zones [38] and the IPAQ [41].

Cardiovascular disease biomarker outcomes

Seven of eight interventions included a measurement of one or more CVD biomarkers. Thirty CVD bio-
markers were assessed, with improvements in eight of these (systolic blood pressure, diastolic blood
pressure, fasting insulin, postprandial glucose, insulin resistance, Matsuda insulin sensitivity index, total
cholesterol and low-density lipoprotein [LDL] cholesterol) reported in five out of seven interventions
(Table 3) [17,18,36,38,39]. In the other interventions that included CVD biomarker outcomes, there were
no improvements [38,40].
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Figure 2. Risk of bias for included studies.

Nightingale et al. [13,16] reported an improvement in insulin resistance and fasting insulin, but with
no reduction in sedentary behaviour. There were no improvements in these biomarkers in one other
intervention that also did not reduce sedentary behaviour [18], but there was an improvement in insulin
sensitivity [18]. Another intervention found no improvements in fasting insulin, insulin resistance or insu-
lin sensitivity, despite reductions in sedentary behaviour [38].

In the two interventions where postprandial glucose was evaluated, one led to an improvement fol-
lowing supervised breaks in sedentary behaviour [39], whereas there was no change in postprandial
glucose or sedentary behaviour in response to the other intervention [18]. One intervention led to an
improvement in total cholesterol and LDL cholesterol [36], but with no reduction in sedentary behaviour
[37]. Lipid outcomes did not change in response to one intervention that reduced sedentary behaviour
[38], nor three interventions that did not affect sedentary behaviour [14,18,38].

Diastolic blood pressure was reduced in one study [36] in which the intervention did not affect
sedentary behaviour [37]. Six other interventions had no effect on diastolic blood pressure [17,18,38-
40], despite two of these reporting reductions in sedentary behaviour [38,40], and one involving super-
vised breaks in sedentary behaviour [39]. There was a reduction in systolic blood pressure and sedentary
behaviour in one [38] of the seven interventions measuring this outcome [17,18,36,38-40].

Body composition outcomes (body mass, body fat, body mass index, waist circumference and
waist to hip ratio) did not improve in any of the four interventions that assessed these outcomes
[17,18,36,401].
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Outcomes in the context of study population
In the two interventions that led to reductions in sedentary behaviour, one included participants with
paraplegia and tetraplegia [40], whereas the other included participants with paraplegia only [38]. Of the
five interventions that had no effect on sedentary behaviour, two included participants with paraplegia
and tetraplegia [37,41], and three included paraplegia only [14,18,38]. Overall, the proportion of individ-
uals with paraplegia in the study sample did not appear to influence sedentary behaviour outcomes.
Four interventions that led to improvements in CVD biomarkers included only individuals with paraple-
gia [17,18,38,39], whilst one studied a sample comprising individuals with paraplegia and tetraplegia [36].
Of the two interventions that did not improve CVD biomarkers, one included only individuals with para-
plegia [38] and the other included both people with paraplegia and tetraplegia [40]. Intervention effects,
therefore, appeared to be more consistent in studies that included only participants with paraplegia.

Outcomes in the context of intervention characteristics

Targeting physical activity or sedentary behaviour. Of the two interventions that reduced sedentary
behaviour, one targeted reductions in sedentary behaviour via a whole-day approach [38], whilst the
other targeted increased physical activity using an online programme [40]. The five other interventions
that targeted increases in physical activity (four using structured exercise training and one using
motivational interviewing) found no effect [14,18,37,38,41]. The remaining intervention included
supervised breaks in sedentary behaviour and, therefore, reduced sedentary time but did not report
sedentary behaviour as an outcome [39]. It appears that interventions targeting physical activity are not
effective for reducing sedentary behaviour in participants with SCI.

Three of the five interventions that improved CVD biomarkers targeted increases in physical activity,
but did not reduce sedentary behaviour [17,18,37]. Two interventions that reported biomarker improve-
ments targeted sedentary behaviour [38,39]; these studies led to reduced sedentary behaviour [38] or
were supervised breaks in sedentary behaviour [39]. The two interventions that did not improve any CVD
biomarker both targeted physical activity [38,40]; one reduced sedentary behaviour [40] and the other
did not [38]. One intervention that targeted physical activity did not include any CVD biomarker out-
comes [41]. There appears to be some evidence for CVD biomarkers being improved in interventions that
target sedentary behaviour.

Intervention duration. The two interventions that led to reductions in sedentary behaviour were each
16 weeks [38,40] in duration. The interventions that had no effect on sedentary behaviour were six weeks
[14,18], sixteen weeks [38], six months [41] and eight months [37] in duration. It is unclear whether
intervention duration affects sedentary behaviour outcomes.

One of the five interventions that improved CVD biomarkers lasted one day [39], two lasted six weeks
[17,18], one lasted one lasted sixteen weeks [38] and one lasted eight months [36] (Table 2). The two
interventions that had no effect on any CVD biomarker were 16 weeks in duration [38,40]. It is unclear
whether intervention duration affects CVD biomarker outcomes.

Intervention setting and delivery mode. One of the two interventions that reduced sedentary behaviour was
a home-based online programme [40] and one was a home- and community-based intervention targeting
the whole day [38]. Three of the five interventions that did not reduce sedentary behaviour were home- and
community-based exercise training protocols [14,18,38], whilst the others included motivational interviewing
within a rehabilitation centre [37] and a structured exercise training protocol in a rehabilitation centre [41].
It appears that structured exercise training protocols are not effective for reducing sedentary behaviour.

Two of the five interventions that improved CVD biomarkers included home-based exercise training pro-
tocols [17,18], one involved a home- and community-based intervention targeting the whole day [38], one
involved motivational interviewing within a rehabilitation centre [36] and one involved supervised breaks
in sedentary behaviour in a controlled laboratory setting [39]. The two interventions that did not improve
CVD biomarkers included a home-based online programme [40] and a home- and community-based struc-
tured exercise training protocol [38]. Cardiovascular disease biomarker outcomes appear to be improved
across a range of intervention settings and delivery modes.

Use of behaviour change theory. Four interventions were either underpinned by, or employed, behaviour
change theory [37,38,40]. There was no mention of behaviour change theory in the other four
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interventions [14,18,39,41]. Both of the interventions that reduced sedentary behaviour utilised behaviour
change theory [38,40]. Two of the five interventions that did not affect sedentary behaviour utilised
behaviour change theory [37,38]. It is not clear whether the use of behaviour change theory was
beneficial to sedentary behaviour outcomes.

Two of the five interventions that led to improvements in CVD biomarkers were informed by behaviour
change theory [36,38], whereas the remaining three interventions were not [17,18,39]. Behaviour change
theory was included in both interventions that had no effect on CVD biomarkers [38,40]. It is not clear
whether use of behaviour change theory influenced CVD biomarker outcomes.

Outcomes in context of measurement methods

One of the two interventions that reduced sedentary behaviour measured this outcome via self-report
(Table 3) [40]. Metabolic equivalent of task derived from heart rate zones was used in the other inter-
vention that reduced sedentary behaviour [38]. Of the five interventions that had no effect on sedentary
behaviour, three measured this outcome using accelerometry [14,18,37], one used the IPAQ [41] and one
used heart rate zones [38]. Improvements in sedentary behaviour appear to occur less consistently when
measured via accelerometry.

One of the five interventions that improved CVD biomarkers found improvements in fasted outcome mea-
sures (insulin and insulin resistance), despite also measuring postprandial outcomes [17]. Another study only mea-
sured biomarkers in a fasted state, with the intervention leading to improvements in diastolic blood pressure, LDL
cholesterol and total cholesterol [37]. One intervention reported improvements in postprandial glucose [39],
whilst another reported improvement in the Matsuda index, which is measured using fasted and postprandial
measurements [18]. One intervention led to improvements in systolic blood pressure [38], but blood pressure was
measured after a six-minute push test, not at rest [38]. Other CVD biomarkers were assessed similarly across
studies, making it challenging to recognise differences in outcomes according to the method of measurement.
In summary, it appears that the method of measurement does not affect CVD biomarker outcomes.

Outcomes in context of risk of bias

Both interventions that led to reductions in sedentary behaviour were in studies with high risk of bias
(Figure 2) [38,40]. Two of the five interventions that did not affect sedentary behaviour were in a study
with low risk of bias [14,18], two were in studies with high risk of bias [38,41], and one was in a study
that raised some concerns [37]. It appears that sedentary behaviour reductions were reported more fre-
quently in studies with high risk of bias.

Three of the five interventions that improved CVD biomarkers were in studies with low risk of bias
[17,18,39], one with high risk of bias [38] and one that raised some concerns [36]. The interventions that
did not report an improvement in any CVD biomarker were in studies with high risk of bias [38,40]. CVD
biomarker outcomes were, therefore, improved more consistently in studies with low risk of bias.

Quality of evidence

Overall quality of evidence for sedentary behaviour was deemed very low (Table 4), with quality down-
graded due to risk of bias, inconsistency of results, indirectness of evidence and imprecision. Overall
quality of evidence for CVD biomarkers was deemed moderate, with quality downgraded due to risk of
bias and inadequate sample sizes.

Discussion

The findings of this review indicate that interventions targeting increases in physical activity are not
effective for reducing sedentary behaviour in individuals with paraplegia, but show some effectiveness
for improving CVD biomarkers. There was a scarcity of interventions targeting sedentary behaviour, but
these interventions may have potential for improving CVD biomarkers.

The majority of interventions targeted physical activity, as opposed to sedentary behaviour, with only
one leading to an improvement in the sedentary behaviour outcome. These findings suggests that
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Table 4. Assessment of overall quality of the evidence.

Risk of Inconsistency of Indirectness of Publication  Quality of

Outcome bias results evidence Imprecision bias’ evidence
Sedentary Overall 2% —1¢ -1 -1 0 0 - very low
behaviour Device-measured 0 -1¢ 0 —-1¢ 0 3 - moderate

Estimated from heart rate zone —1° 0 -1 -1 0 2 - low

Self-reported -2 0 -1 —1e 0 1 - very low
Cardiovascular Overall -1° 0 0 -1 0 3 - moderate
disease Blood pressure —1b 0 0 —-1¢ 0 3 - moderate
biomarkers Body composition -1° 0 0 -1 0 3 - moderate
Glycaemic biomarkers —1b 0 0 —-1¢ 0 3 - moderate
Lipid biomarkers -1° 0 0 -1¢ 0 3 - moderate

2One study does not use a randomised controlled design for this outcome.

One or more study has a high risk of bias.

‘Large differences in means between studies.

dOne or more study uses surrogate measurements.

€0ne or more study has an inadequate sample size to ensure sufficient statistical power.
fFunnel plots not generated as < 10 studies included in the systematic review.

physical activity interventions may not be effective for reducing sedentary behaviour in individuals with
paraplegia. This is in disagreement with a meta-analysis that found interventions targeting physical activ-
ity were effective for reducing sedentary behaviour in non-disabled individuals [26]. The contrasting find-
ings may be due to the majority of physical activity interventions in the present review focusing on
structured exercise training, rather than non-exercise physical activity accumulated throughout the day
[26], which is more likely to displace sedentary behaviour [22] and overcome physical impairments that
may present a barrier to some exercise interventions in individuals with disabilities [28]. The intervention
in the present review that targeted sedentary behaviour via a whole-day approach and measured sed-
entary behaviour as an outcome was found to be effective [38]. It could be postulated that interventions
targeting sedentary behaviour would be most effective as interventions focusing on physical activity may
not utilise the most appropriate behaviour change techniques for sedentary behaviour [43] or appropri-
ate activities for individuals with paraplegia. Further interventions targeting sedentary behaviour, tailored
for individuals with paraplegia, require development and evaluation in order to determine their effective-
ness and inform public health and clinical care guidelines.

The quality of evidence in the present review was deemed very low and, as a result, there is very little
confidence with respect to sedentary behaviour outcomes [32]. The lack of quality is due to unexplained
variability in sedentary behaviour changes across studies, small sample sizes and the measurement tech-
niques employed [44]. Sedentary behaviour was assessed via self-report using the IPAQ “time spent sit-
ting” question in one of the two interventions that reduced sedentary behaviour. The validity of this IPAQ
question has not been evaluated in individuals with SCl and may not be appropriate for wheelchair-users.
One intervention that reduced sedentary behaviour measured this outcome using METs derived from
heart rate zones, which is not validated [38]. In addition, sample heterogeneity was high, with just one
intervention that reduced sedentary behaviour including a sample comprising only individuals with para-
plegia. Studies may choose to adopt broad inclusion criteria, such as including individuals with paraple-
gia and tetraplegia in their sample, due to difficulty recruiting and retaining individuals with SCI [45]. As
a result, the effects on sedentary behaviour cannot be isolated to individuals with paraplegia. The find-
ings with respect to interventions targeting sedentary behaviour potentially being effective may, there-
fore, be generalisable to paraplegia and tetraplegia. However, differences in upper-limb function between
individuals with paraplegia and tetraplegia means that the types of physical activities they are able to
engage in differ. Interventions will, therefore, need to be tailored to different injury levels. High-quality
studies that address the sources of bias and heterogeneity identified in this review are needed to inform
definitive conclusions regarding sedentary behaviour intervention effectiveness.

The influence of behaviour change theory on sedentary behaviour outcomes is unclear. However, only
half of included interventions employed behaviour change theory [37,38,40]. Limited use of behaviour
change theory has been reported in reviews of sedentary behaviour interventions in non-disabled indi-
viduals [46,47]. The lack of behaviour change theory is partly due to the nature of some included inter-
ventions, with half employing prescribed exercise training protocols in which behaviour change theory
may have limited added value [14,18,38,41]. Integration of theory within interventions may be important
to support behaviour change via identification of precursors to behaviour and causal factors of change,
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which can be selectively targeted with specific behaviour change techniques [48,49]. Indeed, interven-
tions grounded in behaviour change theory yield greater improvements in physical activity in individuals
with physical disabilities, such as SCI [50]. Time spent in sedentary behaviour was more strongly cor-
related with engagement in light physical activity and activities of daily living than with MVPA and struc-
tured exercise [51], which could explain why sedentary behaviour was unaffected by the exercise training
interventions in the current review. Therefore, the effects of sedentary behaviour interventions grounded
in behaviour change theory, that utilise strategies to increase light physical activity and activities of daily
living, should be evaluated in individuals with paraplegia as they are likely to be more effective.

There were mixed effects for CVD biomarkers in response to interventions that reduced sedentary
behaviour. Interventions that reduced sedentary behaviour or involved supervised breaks in sedentary
behaviour led to improvements in systolic blood pressure and postprandial glucose [38,39]. Previous
reviews in non-disabled individuals [27] and clinical populations [52] also found that reducing sedentary
behaviour improved CVD biomarkers. However, there was no change in sedentary behaviour in three
interventions that improved CVD biomarkers in the present review [17,18,36]. This may indicate that
improvements in cardiovascular health in these studies were due to increases in physical activity [14,18,37].
A previous meta-analysis found that physical activity interventions improved CVD biomarkers in individuals
with SCI [53], supporting their inclusion in healthcare for this population group. Two interventions reduced
sedentary behaviour and increased physical activity in the present review [38,40], but only one of these
led to improvements in CVD biomarkers [38]. A combination of changes in sedentary behaviour and phys-
ical activity may, therefore, not always be necessary to achieve optimal effects [54]. Targeting physical
activity or sedentary behaviour separately may, therefore, yield cardiovascular benefits; this supports liter-
ature demonstrating that these are distinct behaviours related to CVD risk [24,25]. The quality of evidence
for CVD biomarker outcomes was deemed moderate. Future studies that address limitations of the current
literature and evaluate interventions targeting sedentary behaviour are needed to provide stronger evi-
dence regarding the effects of such interventions on CVD biomarkers in individuals with paraplegia.

The majority of interventions led to an improvement in at least one CVD biomarker. Biomarkers
related to glycaemia were often improved, including fasting insulin [17], postprandial glucose [39], insulin
resistance [17] and insulin sensitivity [18]. Studies with glycaemic outcomes had a moderate quality of
evidence, meaning there is some confidence in these findings. However, two of these interventions had
no effect on sedentary behaviour [17,18]. Also, both interventions that reduced sedentary behaviour did
not improve glycaemic biomarkers, suggesting limited causality between these outcomes [38,40]. The
evidence for interventions improving blood pressure and lipids in individuals with paraplegia was mixed,
while there was consistent data that body composition was unaffected. These findings extend those of
previous reviews and meta-analyses in individuals with SCl, which found that physical activity interven-
tions had no effect on blood pressure or lipids [53]. Research has also shown exercise training may not
improve body composition in individuals with SCI [55]. Lack of improvement in these biomarkers could
be a result of changes in blood pressure and body composition that occur because of SCI, limiting
responsiveness to reduced sedentary behaviour and/or increased physical activity [56,57]. Another plau-
sible explanation is that intervention durations were too short (one day to sixteen weeks) [17,18,38-40].
The one intervention, which increased physical activity and improved lipids, was delivered over eight
months [36]. Moreover, the magnitude of change in sedentary behaviour (ranging from 118min/day
decrease to 45min/day increase) or physical activity (8 to 97 min/day increase) across studies may have
been insufficient to bring about consistent changes in blood pressure, lipid profile or body composition.
Future research should assess whether interventions that target sedentary behaviour over the long-term
can produce greater changes in sedentary behaviour and, subsequently, affect CVD biomarkers.

This is the first systematic review to assess the effectiveness of interventions to reduce sedentary
behaviour and improve CVD biomarkers in individuals with paraplegia. Key areas for future research have
been identified to improve the quality of evidence, which will benefit the development of sedentary
behaviour guidelines for this population group. Further strengths include the application of frameworks
to guide the reporting, risk of bias and grading of evidence to ensure rigour within the review. Potential
limitations include some eligible studies having a high risk of bias and the overall quality of evidence
generally being low. Three of the included studies comprised samples of individuals with paraplegia and
tetraplegia, which may influence conclusions being made specifically for individuals with paraplegia. In
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addition, no studies were powered to detect changes in sedentary behaviour and only two studies were
sufficiently powered to detect changes in CVD biomarkers. It is, therefore, recommended that further
high-quality studies in individuals with paraplegia are conducted with sufficient power to detect changes
in sedentary behaviour and CVD biomarkers.

Conclusion

In conclusion, interventions that target increases in physical activity appear to be ineffective for reduc-
ing sedentary behaviour in individuals with paraplegia, but do have beneficial effects on CVD biomark-
ers. The literature examining interventions that target reductions and breaks in sedentary behaviour in
individuals with paraplegia is limited, yet shows potential effectiveness for improving CVD biomarkers.
Investigating interventions that focus on changing sedentary behaviour in individuals with paraplegia is
an important avenue for future research to inform recommendations for public health and clinical care.
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