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Original Article
Maintenance of exercise participation in individuals with spinal cord injury:
eﬀects on quality of life, stress and pain
DS Ditor1, AE Latimer1, KA Martin Ginis1, KP Arbour1, N McCartney1 and AL Hicks*,1
1

Department of Kinesiology, McMaster University, Hamilton, Ontario, Canada
Study design: Follow-up study of seven individuals with spinal cord injury (SCI) who
completed a 9-month randomized control trial (RCT) of exercise training.
Objective: In a 9-month RCT conducted in our lab, individuals with SCI who participated in a
twice-weekly supervised exercise training reported greater perceived quality of life (PQOL), and
less stress and pain than a nonexercising control cohort. The present follow-up study examined
the voluntary continuation of exercise training after the study ended and the persistence of the
accrued psychosocial beneﬁts.
Setting: Centre for Health Promotion and Rehabilitation, McMaster University, Hamilton,
Ontario, Canada.
Methods: Five men and two women (age 42.373.6 years) with SCI (C5–T12; ASIA A–D
12.778.2 years postinjury) were invited to continue supervised exercise training twice weekly at
the completion of the 9-month RCT. Exercise adherence, PQOL, stress and bodily pain were
measured at a 3-month follow-up and were compared to values obtained at baseline, and at 3, 6
and 9 months during the intervention.
Results: There was a signiﬁcant decrease in adherence at the 3-month follow-up compared to
the overall 9-month adherence rate (42.7 versus 80.6%, respectively; Po0.01). There was also a
signiﬁcant decrease in PQOL (Po0.05) and a trend for increased pain (P ¼ 0.07) and stress
(P ¼ 0.12), at follow-up compared to the end of the 9-month trial. Finally, there was a
signiﬁcant negative correlation between pain at the conclusion of the RCT and exercise
adherence over the 3-month follow-up period (r ¼ 0.91; Po0.01).
Conclusions: These ﬁndings emphasize the importance of continued exercise adherence to the
maintenance of exercise-related increases in psychological well-being among individuals with
SCI.
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Introduction
While muscle paralysis may be the most obvious
consequence of spinal cord injury (SCI), individuals
with paraplegia and tetraplegia are also susceptible
to several other secondary health complications.
Such health issues include a propensity to chronic
pain and stress,1 and a reduction in perceived quality
of life (PQOL).2 To emphasize the importance of
these issues, it should be noted that several mechanisms
may be responsible for the existence of chronic
pain,3,4 which may coexist above, at and below the
level of the SCI.5 The existence of this pain has been
found to increase the already heightened stress levels
*Correspondence: AL Hicks, Department of Kinesiology, McMaster
University, 1280 Main Street West, Hamilton, Ontario, Canada L8S
4K1

in individuals with SCI and further decrease their
quality of life.1 Finally, the perceptions of this pain
may be quite intense. For example, in a survey of 200
individuals with SCI, 25% of the respondents described their pain as severe to extreme, 44% stated that
their pain interfered with daily activities, and 37% of
the individuals with higher level injuries and 23% of the
individuals with lower level injuries reported that
they would trade pain relief for loss of bladder, bowel
or sexual function.6
In a 9-month randomized control trial (RCT)
conducted in our centre, we found that regular aerobic
and resistance training may reduce these health concerns
in individuals with SCI regardless of the level or
completeness of the injury.7 We also found that despite
their immobility, dependence on others for transporta-
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tion, and high susceptibility to illness, individuals with
SCI may adhere to an exercise training programme
outside of their own home with rates comparable to
those found for the population at large. Speciﬁcally,
their dropout rate over the 9-month RCT (48%) was
very similar to the 50% dropout rate frequently cited for
the able bodied.8 Further, those who completed the 9month training programme had an attendance rate of
82.5%.
While these results were encouraging, it was unknown
whether or not our participants would make the
lifestyle change of adopting regular exercise into their
weekly routine following completion of the study.
Adherence to exercise is an important issue for
individuals with SCI since they are at an increased risk
of various secondary health complications, such as
cardiovascular disease9 and type II diabetes,10 which are
somewhat reversible with exercise training.11,12 Further,
if their exercise habits became less regular, it was
unknown how long their previously accrued beneﬁts, in
terms of pain and stress reduction and enhanced
PQOL, would persist. The purpose of the present
follow-up study was, therefore, to (i) determine the level
of exercise adherence in a sample of individuals with SCI
following their completion of a 9-month exercise
training study, (ii) determine how long the previously
accrued psychosocial beneﬁts, such as pain and stress
reduction and enhanced PQOL, would persist despite
the expected reductions in exercise adherence, and (iii)
make a preliminary examination of what factors may
predict continued exercise adherence in this sample
population.

13 sedentary controls, 12 of whom completed the study)
supervised, progressive exercise study at a frequency
of twice per week. Each session lasted approximately
90–120 min and involved a warm-up (wheeling and
stretching), arm ergometry (approximately 15–30 min at
a Borg (1–10 scale) rating13 of 3–4) and resistance
training (three sets per exercise at approximately
70–80% of their one repetition maximum). Outcome
measures, which included strength, arm ergometry
performance and selected indices of psychological wellbeing, were tested at baseline, and after 3, 6 and
9 months of exercise training.
Following the completion of this RCT, all participants were invited to continue supervised exercise
training in our accessible facility as they desired.
Although 11 individuals successfully completed the 9
months of exercise training, only those who were not
about to enrol in a subsequent exercise training study
(utilizing body-weight supported treadmill training)
were eligible for follow-up. Thus, seven individuals were
included in the present investigation. It is important to
note that these seven individuals were not disinterested
in the subsequent exercise study, or unmotivated in
general. They were simply ineligible because of (i) the
completeness of their injury (ASIA A) or (ii) the time at
which they completed the 9-month RCT, as this was not
constant for all participants. It is also important to note
that transportation to our training facility was not
provided for any of our participants either during the 9month RCT or during the present follow-up investigation. Finally, participants were unaware that their
attendance was being monitored during the 3-month
follow-up time period. Follow-up outcome measures
included:

Methods
Seven individuals (ﬁve male, two female subjects; age 42.
3 years) with chronic SCI (C5–T12; ASIA A–D; 3–23
years postinjury) participated in the present follow-up
study. Participant characteristics are summarized in
Table 1. All participants had previously completed a 9month RCT in our laboratory examining the eﬀects of
exercise training on strength, arm ergometry performance and psychological well-being.7
In brief, all participants were in the intervention
group of a much larger (n ¼ 34; 21 exercisers, 11 of
whom successfully completed the 9 months of training;

(i)

(ii)

(iii)
(iv)

Exercise adherence, deﬁned as the percentage of available sessions that were attended (at a maximum of two
per week). Attendance was monitored by the investigators, rather than being self-reported.
PQOL, as determined by the 11-item Perceived Quality
of Life Scale,14 with four additional SCI-relevant
items.15
Pain, as determined by two pain items from the ShortForm 36-Item Health Survey (SF-36).16
Stress, as determined by the 14-item Perceived Stress
Scale (PSS).17

Table 1 Participant characteristics
Participant
1
2
3
4
5
6
7

Sex
M
M
M
M
F
F
M

Age
40
39
40
49
45
43
40

Lesion level

Complete/incomplete (ASIA score)

C5
T4
T2
T12
T4
T3
T12

Incomplete
Complete
Incomplete
Complete
Complete
Complete
Incomplete

(ASIA
(ASIA
(ASIA
(ASIA
(ASIA
(ASIA
(ASIA

B)
A)
C)
A)
A)
A)
D)

Years postinjury
23
14
23
3
13
3
10
Spinal Cord
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All participants gave informed consent before the
administration of questionnaires. The study protocol
was approved by the McMaster Research Ethics Board
(MREB).

Results
Eﬀects of the 9-month exercise intervention: A review
First, to summarize brieﬂy the ﬁndings of the 9-month
exercise training study, those in the intervention
group (n ¼ 11) reported signiﬁcantly less pain and stress
after exercise training, and scored higher than the
nonexercising controls (n ¼ 12) in overall quality of life
(Po0.05).7 Of greater relevance however, a repeated
measures analysis of covariance (ANCOVA), adjusted
for baseline scores, showed that the seven individuals
included in the present follow-up study had signiﬁcant
increases in quality of life after 9 months of exercise
training (P ¼ 0.05), although they made no signiﬁcant
changes in pain or stress. This relative maintenance
of perceived pain and stress, however, may be seen
as beneﬁcial, as the nonexercising control group showed
nonsigniﬁcant increases in both measures over the
9-month period.
Exercise adherence and psychological well-being at
follow-up
A repeated measures analysis of variance (ANOVA),
with post hoc t-tests indicated that over the course of the
3-month follow-up period, there was a signiﬁcant
decrease in exercise adherence compared to the overall
9-month adherence rate (42.7 versus 80.6%, respectively; Po0.01). Separate repeated measure ANCOVAs,
adjusted for baseline scores with post hoc t-tests,
indicated a signiﬁcant decrease in PQOL (Po0.05)
(Figure 1) and a trend for increased pain (P ¼ 0.07) and

Figure 2 Pain and stress scores expressed as percent change
from baseline following 3, 6 and 9 months of exercise training,
as well as after a 3-month follow-up period. Pain scores are
denoted by the solid line, stress scores are denoted by the
dashed line

Figure 3 The relation between perceived pain at the conclusion of the 9-month exercise training study and exercise
adherence during the 3-month follow-up period. The correlation was signiﬁcant and negative (r ¼ 0.91; Po0.01); thus,
the greater one’s pain at the conclusion of the 9-month RCT,
the less likely he or she would be to adhere to exercise over the
following 3 months

stress (P ¼ 0.12) at 3-months follow-up compared to the
end of the 9-month trial (Figure 2).
Finally, bivariate correlations indicated that there was
a signiﬁcant negative correlation between pain scores at
the conclusion of the 9-month trial and adherence
during the 3-month follow-up (r ¼ 0.91; Po0.01)
(Figure 3).

Discussion
Figure 1 PQOL scores expressed as percent change from
baseline following 3, 6 and 9 months of exercise training, as
well as after a 3-month follow-up period. *Denotes signiﬁcantly lower PQOL scores at 3-month follow-up compared to
the scores obtained after 9 months of exercise training
(Po0.05)
Spinal Cord

The three main ﬁndings of this follow-up study, as they
relate to our initial objectives are as follows. First,
exercise adherence signiﬁcantly decreased in our sample
of participants following their completion of the 9month exercise study. Second, any beneﬁts that were
accrued during the 9-month exercise trial, in terms of
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psychological well-being (ie improved PQOL and a
relative maintenance of pain and stress), were not
maintained when the frequency of exercise training
sessions decreased. Third, our ﬁndings suggest that pain
may be a potential predictor of whether individuals with
SCI will adhere to exercise training outside of the
research setting. This was evidenced by the signiﬁcant
negative correlation between pain at the conclusion of
the 9-month trial and adherence during the 3-month
follow-up, that is, the greater one’s pain at the
conclusion of the 9-month RCT, the less likely he or
she would be to adhere to exercise over the following 3
months. Although our investigation was limited by a
small, heterogeneous group of participants, our main
ﬁndings were pronounced and signiﬁcant, and therefore,
we are conﬁdent regarding their validity.
These ﬁndings are relevant as they give insight into
the exercise behaviour of individuals with SCI outside of
the laboratory setting. To expand, although the high
exercise adherence rates that were found in our initial
RCT (for those who completed the entire 9 months)
were extremely encouraging,7 it now seems apparent
that the same compliance may not necessarily carry over
to real-world practice. It is unclear why exercise
participation decreased so dramatically in the 3-month
follow-up to our RCT. It is likely that these seven
individuals felt a sense of obligation and commitment to
the study investigators that motivated them to exercise
more frequently during the 9-month RCT than they
would have spontaneously. Or perhaps, the presence of
a goal (ie completing the 9-month study) was somewhat
motivating during the 9-month RCT, and unfortunately
similar goals were not so apparent afterwards. What we
do know, however, is that perceptions of pain played a
major role on exercise behaviours during the 3-month
follow-up period. In spite of the fact that the individuals
in the exercise group reported less pain after the 9month RCT than did the nonexercising controls, they
were not pain free.7 Our results suggested that the
degree of pain after the 9-month RCT accounted for
83% of the variability in exercise adherence in our seven
participants during the 3-month follow-up. When
examining the relation between pain and exercise
adherence, it is diﬃcult to determine whether perceptions of pain cause decreases in exercise adherence or,
alternately, if decreases in exercise participation cause
increases in the perception of pain. However, in the
present study, the pain measure in question (ie at 9
months) preceded the follow-up period, suggesting that
it was actually the perceptions of pain that decreased
exercise adherence, and not vice versa. Additional
research, however, is necessary to further clarify this
relation.
Given that perceptions of pain may play such a large
role in the exercise behaviours of individuals with SCI,
eﬀorts should now concentrate on methods of addressing and alleviating pain in this population. Such pain
relief may not only increase the quality of life, but it may
also, as our ﬁndings suggest, increase the likelihood of
exercise adherence in individuals with SCI. This increase

in exercise participation may then, in turn, partially
alleviate many of the secondary health complications
associated with SCI and promote a better quality of life.

Conclusions
In individuals with SCI, continued exercise adherence
may be particularly challenging, but necessary in order
to maintain exercise-related increases in psychological
well-being. In addition, pain may be a signiﬁcant barrier
to exercise adherence in individuals with SCI. Future
studies are needed to investigate the role of pain relief as
an agent to promote exercise adherence in this population.
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