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Abstract

This systematic review and meta-analysis aimed to examine the effects of physical exercise

cum cognitive-behavioural therapy (CBT) on alleviating pain intensity, functional disabilities,

and mood/mental symptoms in those suffering with chronic musculoskeletal pain. MED-

LINE, EMBASE, PubMEd, PsycINFO and CINAHL were searched to identify relevant ran-

domised controlled trials from inception to 31 December 2018. The inclusion criteria were:

(a) adults�18 years old with chronic musculoskeletal pain�3 months, (b) randomised con-

trolled design, (c) a treatment arm consisting of physical intervention and CBT combined,

(d) the comparison arm being waitlist, usual care or other non-pharmacological interventions

such as physical exercise or CBT alone, and (e) outcomes including pain intensity, pain-

related functional disabilities (primary outcomes), or mood/mental symptoms (secondary

outcome). The exclusion criteria were: (a) the presence of comorbid mental illnesses other

than depression and anxiety and (b) non-English publication. The search resulted in 1696

records and 18 articles were selected for review. Results varied greatly across studies, with

most studies reporting null or small effects but a few studies reporting very large effects up

to 2-year follow-up. Pooled effect sizes (Hedges’ g) were ~1.00 for pain intensity and func-

tional disability, but no effect was found for mood/mental symptoms. The effects were

mainly driven by several studies reporting unusually large differences between the exercise

cum CBT intervention and exercise alone. When these outliers were removed, the effect on

pain intensity disappeared at post-intervention while a weak effect (g = 0.21) favouring the

combined intervention remained at follow-up assessment. More consistent effects were

observed for functional disability, though the effects were small (g = 0.26 and 0.37 at post-

intervention and follow-up respectively). More importantly, the value of adding CBT to exer-

cise interventions is questionable, as consistent benefits were not seen. The clinical implica-

tions and directions for future research are discussed.
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Introduction

Chronic musculoskeletal pain is the most common type of chronic pain suffered in older age

groups [1], with a higher prevalence in women and lower income groups [2]. It is defined as

persistent or recurrent pain for at least three months that arises as part of a disease process,

such as inflammation secondary to infection, autoimmune disease or metabolic aetiology, or

direct structural changes affecting bone, joints, muscle or soft tissue [3]. The World Health

Organisation classification of musculoskeletal disorders categorises the diseases into five

groups: inflammatory rheumatic diseases; osteoporosis and other bone diseases; osteoarthritis

and related conditions; soft tissue periarticular disorders; and back pain. Irrespective of aetiol-

ogy, individuals affected with chronic pain often suffer from increased muscle tension and

intense pain affecting life activities, sleep disturbance, fatigue, and mood disturbance (anxiety

and depression), which can inevitably contribute to increased job absence [1].

Chronic pain can be very difficult to manage because of its complex natural history, unclear

aetiology and inadequate control despite advances in pharmacological treatment. In view of

this, non-pharmacological interventions constitute the mainstay methods for the management

of chronic musculoskeletal pain, with exercise therapies and cognitive-behavioural therapy

(CBT) amongst recommended treatments [4].

Exercise, regardless of the type, is recommended for the management of patients with

chronic musculoskeletal pain, while frequency has been shown to be more essential than the

length or intensity of the physical activity [5]. A meta-analysis conducted by Searle et al. [6]

analysed the effects of exercise interventions for the treatment of chronic low back pain. Pool-

ing the results across 45 trials covering 4462 participants, they found a beneficial effect for

strength/resistance and coordination/stabilisation type of exercise programmes with a small

effect in terms of lowering pain severity. Another meta-analysis by Bertozzi et al. [7], covering

seven studies with 664 participants, studied the effect of therapeutic exercise on the manage-

ment of pain and disability in individuals with chronic nonspecific neck pain. They found that

therapeutic exercise had medium effects on pain in the short- and intermediate-term.

Chronic pain is not simply a physical problem and is often associated with diverse psycho-

logical factors [8,9]. Research shows dysfunctional beliefs and feared expectations, and conse-

quently avoidance behaviour, act as barriers to change. Chronic pain patients may become

preoccupied with false beliefs and expectations that are catastrophic in nature, revolving

around ideas such as loss of independent living, vulnerability, rapid and progressive pathology,

and morbidity [10]. It is therefore not surprising that CBT has been investigated as a treatment

of choice for people with chronic pain. Richmond et al. [11] reviewed the effectiveness of cog-

nitive-behavioural approaches in improving disability, pain, quality of life or work disability

for those affected by low back pain. Pooling results from 23 studies with a total of 3359 partici-

pants, they found that CBT had a small effect on alleviating disability and pain intensity, in

comparison to waitlist control or usual care, while having a small to moderate effect on reduc-

ing pain and disability when compared with active treatment (after removing an outlier).

Another review by Knoerl et al. [12] examined 35 studies regarding the effect of CBT on

chronic pain, with the majority of the study population affected by back/neck pain. They

found that CBT was effective for reducing pain intensity in 43% of the trials, though only

eight of the included trials studied pain as a primary outcome. Their review also showed that

online delivery methods were effective for individuals with fibromyalgia, back/neck pain and

chronic pain of mixed aetiology. This was further supported by a meta-analysis (11 studies) by

Macea and colleagues, with the pooled results favouring a small effect of web-based CBT for

patients with chronic pain (mostly back pain and osteoarthritis), in comparison to waitlist con-

trol [13].

Intervention for chronic musculoskeletal pain
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Although physical exercise and CBT have both received support, there is an argument for

combining both approaches in the management of chronic pain. Patients only receiving physi-

cal treatment may attempt to enhance their aerobic capacity, muscle strength and endurance,

but maladaptive beliefs and avoidance behaviour that may exist concurrently, may limit their

commitment. On the other hand, those receiving only CBT may be willing to increase their

activity level but their physical ability may prevent this. Thus, combining physical exercise and

CBT may show greater effects on the individual by reconstructing adaptive beliefs to underpin

positive health behaviours and restoring functional ability through increased fitness.

Despite the promise of blending physical exercise with CBT, there has been an absence of a

review of the efficacy of such interventions. To fill this gap in the literature and to inform prac-

tice, we conducted a systematic review and meta-analysis of randomised controlled trials on

the effects of such combined interventions, focusing on studies of persons with chronic mus-

culoskeletal pain. Pain intensity and pain-related functional disability are the primary out-

comes whereas mood or mental symptoms constitute the secondary outcome. The main

purpose was to examine the performance of physical exercise cum CBT relative to nil treat-

ment, waitlist, usual care, exercise alone, or CBT alone as control.

In addition, this review also examined the performance of physical exercise alone and CBT

alone if the studies selected also included these treatment arms. Although this was not our pri-

mary aim, such comparisons were attempted because understanding how exercise or CBT per-

formed in these studies would be useful for making sense of the findings concerning the

intervention with the two components merged. Meta-analysis, however, were not be per-

formed for this part of the review as the studies were not representative of the corresponding

literature.

Methods

Protocol and registration

The review was registered with PROSPERO (identifier #98918). The protocol is available as

online supporting information (S1 Protocol). The review was conducted in accordance with

PRISMA guidelines (S1 Checklist). Ethics approval was not required for review studies by the

authors’ institutions.

Eligibility criteria

Published articles describing randomised controlled trials involving physical exercise and cog-

nitive-behavioural programmes for individuals with chronic musculoskeletal pain were

included. The inclusion criteria were: (a) adults� 18 years old with chronic musculoskeletal

pain for at least three months, (b) study using randomised controlled design, (c) a treatment

arm consisting of physical intervention and CBT programmes (those involving cognitive

restructuring) combined, (d) the comparison arm being nil treatment, waitlist, usual care or

other non-pharmacological interventions such as physical exercise or CBT alone, and (e) out-

comes including pain intensity, pain-related functional disabilities or mood/mental symptoms

(using any validated data collection tools). The exclusion criteria were: (a) the presence of

comorbid mental illnesses other than depression and anxiety (as diagnosed using any recog-

nised diagnostic criteria) and (b) non-English publication.

Information sources and search

We searched MEDLINE, EMBASE, PubMEd, PsycINFO and CINAHL Full Text to identify

randomised controlled studies from inception to end of 2018 using the keywords TI/

Intervention for chronic musculoskeletal pain
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AB = pain, TI/AB = exercise or “physical activity” or physiotherapy, TI/AB = “cognitive beha-

vioural” or “cognitive behavioral”, and TI/AB = program� or trial� or intervention�. No addi-

tional terms for outcomes was included to ensure the identification of all studies involving

physical intervention and CBT programmes. We obtained additional articles by cross-

referencing review articles and searching manually through reference lists of primary studies

which met the inclusion criteria.

Study selection

Titles and abstracts of studies retrieved were screened independently by the two authors to

identify suitable studies that met the inclusion criteria. The full text of the potentially eligible

studies were then assessed. Reasons for excluding studies were recorded and any disagreement

between the two authors were resolved through discussion. Where there was insufficient infor-

mation to determine eligibility, study authors were contacted and supplementary information

was requested.

Data collection process

Data from included studies were extracted using a standard (hard copy) form by the first

author and checked by the second author. Study setting, participant demographics, methodol-

ogy, recruitment, duration, treatment characteristics, length of follow-up, outcomes, tools

used to measure outcomes, and information for risk-of-bias assessment were recorded. Means,

SDs and sample size per treatment arm and time point were copied onto a spreadsheet. Where

necessary, mean and SD were estimated from median and range of values [14]. Authors of

studies were contacted where necessary to provide the data if not available from the article

itself.

Risk of bias

Risk of bias was assessed at the study level using the Cochrane risk-of-bias tool [15]. The two

authors assessed the risk of bias independently across the seven domains of the tool for each

study: random sequence generation; allocation concealment; blinding of participants and per-

sonnel; blinding of outcome assessment; incomplete outcome data; selective reporting; and

other sources of bias. We rated each item as being at “low risk,” “unclear risk” or “high risk” of

bias. Initial differences between the two raters were small and were resolved through discus-

sion. We classified the overall risk of bias as low if all domains were at low risk of bias, as high

if at least one of the domains was rated high risk, or as unclear if at least one domain was at

unclear risk of bias. Results for individual studies and across studies are reported through tabu-

lar and graphical representation respectively. The bias judgements were used to interpret the

strength of the evidence from the review when drawing conclusions.

Summary measures

The primary outcomes include pain intensity and pain-related disabilities (i.e., the extent to

which pain interferers with daily activities), whereas the secondary outcome is mood/mental

state, such as depressive and anxiety symptoms. More description of these measures can be

found in the Results section.

Synthesis of results

A narrative synthesis of the findings from the included studies was conducted, structured

around the type of intervention, target population characteristics, type of outcome and

Intervention for chronic musculoskeletal pain
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intervention content. For effect size estimate, we report Hedges’ g with correction for the base-

line difference between groups. Effect sizes based on raw and marginal means were both con-

sidered for the narrative synthesis. In small samples with N< 50, correction for upward bias

was applied. To aid interpretation, we unified the scoring so that a positive g always meant an

effect favouring the intervention, and vice versa. As a rule of thumb, g values of 0.20, 0.50 and

0.80 represent small, medium and large effects respectively.

As mentioned before, although our objective was to examine the effects of the exercise cum

CBT intervention, we would also review the effects of exercise- and CBT-alone interventions.

Nevertheless, because there were very few studies of exercise- and CBT-alone interventions in

this pool, and because these studies were not representative of the entire literature on these

interventions, we did not conduct meta-analysis for them. As a result, meta-analysis was con-

ducted for the comparison between the combined intervention and control conditions only.

For the meta-analysis, only gs based on raw (unadjusted) means/SDs were included. Three

studies without such information were hence excluded, leaving 15 studies of which the results

were pooled. To take into account heterogeneity of study results, random effects models were

computed to yield average effect sizes, with standard errors adjusted using weights derived

from the inverse-variance method [16]. When the same outcome was measured by more than

one instruments in a study, the effects were averaged within the study before being subject to

meta-analysis. Heterogeneity was indexed by Cochrane’s Q and I2 [17]. The dispersion of

effects was displayed using forest plots.

We conducted two sets of meta-analysis using Stata 15.1 (StataCorp, College Station, Texas,

US), one for outcomes at post-intervention and the other for outcomes at follow-up. For the

latter, we took the last assessment up to 12 months after the end of intervention. To make the

results more meaningful and to reduce potential heterogeneity, each set of meta-analysis was

further subdivided to show results of comparison with three different types of control condi-

tions—exercise only, CBT only, and nonspecific controls (including nil treatment, waitlist,

usual care, and treatment-as-usual other than exercise and CBT). Note that the term “nonspe-

cific control” was adopted for the sake of convenience only, without necessarily implying an

absence of specific elements in the control condition. For example, usual care could involve

specific services for helping pain patients.

Publication bias

Contour-enhanced funnel plots were created and Egger’s tests [18] were used to examine

asymmetry as a representation of small-study effect (i.e., whether studies with smaller samples

tended to yield significant effects and get published). The Egger’s test was conducted separately

for pain intensity and functional disability, but not for mood/mental symptoms as the number

of studies were too small for detecting asymmetry. Given the small number of studies making

it more difficult to detect asymmetry, we followed Egger et al.’s [18] recommendation to adopt

p< 0.10 as suggesting the presence of small-study effect.

Results

Study selection

The search resulted in 1669 records across the five databases. Twenty-seven additional records

were identified from screening reference lists of previously published systematic reviews and

included trials. After removal of duplicates, titles and abstracts of 1522 unique records were

screened. We screened 50 full text articles and identified 18 randomised controlled trials to be

included in this review, including one trial [19] for which the necessary information for calcu-

lating d could not be obtained from the authors. Five of these studies were conducted by
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Monticone and colleagues [20–24] on patients with chronic neck or low back pain; there was

no indication that the patients in these studies overlapped and therefore they were treated as

independent studies. The flow of the literature search is shown in Fig 1.

Study characteristics

Details of the included studies are shown in Table 1. The 18 studies included 2391 participants

with a mean age ranging from 37.3–63.4 years across studies. The geographical distribution of

Fig 1. Flow chart of literature search.

https://doi.org/10.1371/journal.pone.0223367.g001
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the studies were: Australia (n = 2), Finland (n = 1), Hong Kong (n = 1), Italy (n = 5), Nether-

lands (n = 2), Pakistan (n = 1), Singapore (n = 1), Spain (n = 1), Sweden (n = 1) and United

Kingdom (n = 3). The range of musculoskeletal conditions included chronic (nonspecific) low

back pain (n = 11), chronic neck pain (n = 3), chronic musculoskeletal pain (n = 1), osteoar-

thritis (n = 1), chronic widespread pain (n = 1) and fibromyalgia (n = 1). Intervention duration

was mostly 1–3 months, with some interventions lasting as long as 6–12 months, while the

length of follow-up varied from one month to two years after the intervention. Six out of 18

studies delivered their interventions in individual sessions, while seven studies performed

their interventions in groups (but were mostly tailored to the individual) and one study used a

combination of both. The intervention format could not be determined for four studies as no

details were provided.

Outcome measures

Pain intensity was assessed by Numerical Rating Scales [37]– 9 studies, Visual Analogue Scales

[38]– 4 studies, Verbal Numerical Pain Scale [39]– 1 study, Fibromyalgia Impact Question-

naire (pain severity item) [40]– 1 study, and McGill Pain Questionnaire: Pain Rating Index

study [41]– 1 study.

Functional disabilities were assessed by the Roland Morris Disability Questionnaire [42]– 8

studies, Oswestry Disability Index [43]– 3 studies, Neck Disability Index [44]– 1 study, Neck

Pain and Disability Scale [45]– 1 study, the Western Ontario and McMaster Universities Oste-

oarthritis Index: Function subscale [46]– 1 study, the Multidimensional Pain Inventory: Activ-

ity subscale [47]– 1 study, Fibromyalgia Impact Questionnaire total [40]– 1 study, Chalder

Fatigue Score [48]– 1 study, and Northwick Park Neck Pain Questionnaire [49]– 1 study. One

study used the Chronic Pain Grade Questionnaire to measure the severity of both pain inten-

sity and disability [50].

Mood and mental symptoms were measured by the Depression Anxiety Stress Scales [51]–

1 study, the Hospital Anxiety and Depression Scale [52]– 1 study, the General Health Ques-

tionnaire [53]– 1 study, SF-36 Mental Component score [54]– 1 study, the Beck Depression

Inventory [55]– 1 study, and the Depression Scale [56]– 1 study.

Intervention effects

At post-intervention, 15 studies assessed pain intensity and/or functional disability while four

assessed depressive and/or anxiety symptoms. At follow-up, 14 studies assessed pain intensity

and/or functional disability and four studies assessed mood or mental symptoms. Before we

review the performance of physical exercise cum CBT interventions, we first discuss the effects

of exercise-alone and CBT-alone interventions in this selected group of studies.

Physical exercise alone. Physical exercise interventions involved aerobic training to

enhance cardiorespiratory fitness and dynamic static strengthening exercises. Only two studies

examined physical exercise alone as a treatment, comparing it to waitlist control [35] or usual

care [33]. McBeth and colleagues [33] found no effect of physical exercise at post-intervention

or 3-month follow-up on any measure of pain intensity, disability and mental health in

patients with chronic widespread pain (a main feature of fibromyalgia). Smeets and colleagues

[35], however, reported small to moderate effects on pain intensity (g = 0.46), functional dis-

ability (g = 0.52), and depressive symptoms (g = 0.37) in patients with chronic low back pain

after 10 weeks of aerobic and dynamic state strengthening exercises.

CBT alone. CBT programmes usually involved pain education and training in cognitive

and behavioural skills for coping with pain, identifying and challenging pain-related negative

thoughts, and modifying fear of movement. These thought modifications were then
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encouraged to be integrated into their daily activities. Only three studies [25,33,35] evaluated

the effects of CBT as a stand-alone intervention. Again, in patients with chronic widespread

pain, no effect on pain intensity, disability, or mental health was found [33]. Smeets and col-

leagues [35] found that a 10-week CBT consisting of both individual and group sessions had

moderate effects on reducing pain intensity (g = 0.79) and functional disability (g = 0.65), but

surprisingly no effect on depressive symptoms. This study did not assess follow-up outcomes.

In Bennell and colleagues’ study [25], CBT was found to have a small effect on functional dis-

ability at post-intervention (g = 0.63) and also a medium effect on depressive symptoms at

40-week follow-up (g = 0.50), when compared with physical exercise alone, but no effect on

pain intensity whatsoever. It was noteworthy that the effect on depressive symptoms was lim-

ited to the 40-week follow-up while no effects were observed at post-intervention and 20-week

follow-up. Moreover, the effect on functional disability was limited to post-intervention.

Hence the effects were either short-lived or inconsistent over time. It was the only study that

provided a direct comparison between CBT and exercise and showed the former to be some-

what superior. (Note that in Table 1, when there were multiple follow-up time points [column

labelled “Follow-up assessment”] and at least one of the follow-up effects was significant, only

the one[s] with significant effect is shown in order to streamline presentation. Likewise, when

there were multiple follow-up assessments but none was significant, an overall “ns” is shown.)

On the whole, there was some evidence of a small-to-moderate immediate effect on reducing

functional disability but the effect on depressive symptoms was weak and uncertain.

Physical exercise cum CBT. We now come to the main review. All of the studies evalu-

ated the effects of combining physical exercise and CBT, per our inclusion/exclusion criteria.

Amongst the studies, two compared the combined intervention with waitlist control [26,35]

and three with usual care [29,33,34]. One study compared the combined intervention with

pharmacological therapy as treatment as usual [32]. Fourteen studies compared it to physical

exercise alone [19–25,27,28,30,31,33,35,36], whereas only three used CBT alone [25,33,35] as a

comparison group for the combined intervention. (The total count of studies exceeded 18 here

as some studies offered more than one control/comparison group.) Thus, the majority of the

studies attempted to assess the performance of the combined intervention against physical

exercise alone. Typically in these cases, a CBT component was added to the exercise interven-

tion which served both as a control and as a core part of the combined intervention. In other

words, different from other studies having waitlist, usual care or treatment-as-usual as control,

these studies were assessing whether adding CBT created additional benefits, beyond the

effects of exercise alone. In the following, we provide an overview of the effects of such inter-

ventions on the three categories of outcome, namely pain intensity, functional disability, and

mood and mental symptoms. Results of the meta-analysis are shown in Tables 2 and 3. Forest

plots of the combined intervention’s effects, broken down by outcome categories and control

conditions, are displayed in Figs 2 and 3. Note that the effect sizes shown in the forest plots

may not be identical to those presented in Table 1 because of the selection of the last time

point up to 12 months post-intervention (which may not appear in Table 1 if nonsignificant)

and the within-study aggregation of effects across multiple measures for the same outcome

category.

Pain intensity. Fourteen studies assessed pain intensity at post-intervention [19–26,26–

31,35]. All but six studies found significant effects. Of the eight studies reporting significant

effects, two [25,27] found generally small effects (g = 0.33–0.49) favouring the combined inter-

vention over CBT- and exercise-only programmes, but one study [35] actually found an effect

(g = -0.39) favouring CBT alone over the combined intervention. However, four others found

surprisingly very large beneficial effects (g = 1.57–3.29) for the combined intervention for

patients with low back pain and neck pain; except for one study [28], all were conducted by the

Intervention for chronic musculoskeletal pain
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Table 2. Effects of exercise cum CBT intervention at post-intervention against different control conditions.

Variable and control condition k n g 95% CI z Q I2

Pain intensity

Exercise alone 10 1085 1.06 0.42, 1.71 3.23��� 287.96��� 96.9%

CBT alone 2 266 0.11 -0.64, 0.86 0.29 19.01��� 94.7%

Nonspecific control 2 148 0.12 -0.12, 0.36 1.01 0.00 0.0%

All control conditions# 11 1304 0.98 0.43, 1.52 3.50��� 334.23��� 97.0%

Functional disability

Exercise alone 11 1306 1.04 0.41, 1.68 3.23��� 275.80��� 96.4%

CBT alone 3 490 0.42 -0.30, 1.14 1.14 30.39��� 93.4%

Nonspecific control 4 448 0.41 0.26, 0.56 5.49��� 2.33 0.0%

All control conditions# 13 1933 0.95 0.49, 1.42 4.00��� 303.86��� 96.1%

Mood and mental symptoms

Exercise alone 4 603 -0.01 -0.24, 0.22 0.09 8.49� 64.7%

CBT alone 3 490 -0.11 -0.24, 0.02 1.63 1.98 0.0%

Nonspecific control 2 333 0.14 -0.03, 0.30 1.59 0.74 0.0%

All control conditions# 4 1007 -0.01 -0.18, 0.15 0.14 9.41� 68.1%

Note. k = number of studies; n = number of participants per analysis; CBT = cognitive-behavioural therapy.
#Some studies had more than one control condition; effects of the control conditions were averaged within studies to create an overall effect per study per outcome,

following the recommendation of Higgins and Green [17].

�p< 0.05,

��p< 0.01,

���p< 0.001

https://doi.org/10.1371/journal.pone.0223367.t002

Table 3. Effects of exercise cum CBT intervention at follow-up against different control conditions.

Variable and control condition k n g 95% CI z Q I2

Pain intensity

Exercise alone 8 910 1.20 0.41, 1.98 2.99�� 255.20��� 97.3%

CBT alone 1 147 0.25 0.02, 0.48 2.14� – –

Nonspecific control 2 146 0.25 -0.27, 0.76 0.94 2.15 53.5%

All control conditions# 10 1130 0.99 0.38, 1.61 3.16��� 269.26��� 96.7%

Functional disability

Exercise alone 9 1131 1.47 0.59, 2.34 3.29��� 322.96��� 97.6%

CBT alone 2 371 0.42 -0.30, 1.15 1.14 11.69��� 91.4%

Nonspecific control 4 748 0.44 0.32, 0.57 7.07��� 1.63 0.0%

All control conditions# 12 1759 1.20 0.66, 1.75 4.31��� 369.62��� 97.0%

Mood and mental symptoms

Exercise alone 3 489 0.09 -0.09, 0.27 0.95 3.37 40.6%

CBT alone 2 371 -0.13 -0.27, 0.01 1.77 0.07 0.0%

Nonspecific control 2 408 0.05 -0.16, 0.25 0.43 1.73 42.3%

All control conditions# 4 894 0.00 -0.08, 0.09 0.07 1.37 0.0%

Note. k = number of studies; n = number of participants per analysis; CBT = cognitive-behavioural therapy. – = not applicable.
#Some studies had more than one control condition; effects of the control conditions were averaged within studies to create an overall effect per study per outcome,

following the recommendation of Higgins and Green [17].

�p< 0.05,

��p< 0.01,

���p< 0.001

https://doi.org/10.1371/journal.pone.0223367.t003

Intervention for chronic musculoskeletal pain

PLOS ONE | https://doi.org/10.1371/journal.pone.0223367 October 10, 2019 15 / 30

https://doi.org/10.1371/journal.pone.0223367.t002
https://doi.org/10.1371/journal.pone.0223367.t003
https://doi.org/10.1371/journal.pone.0223367


same research group [21,23,24]. (Effect size estimate was not available for the Devasahayam

et al. study [19].) Thus, there were substantial variations in study results, with some studies not

showing an effect and a few with “outlying effects.” It was also noteworthy that most of the

studies with waitlist or usual care control did not find an effect, whereas all but one significant

effect favouring the combined intervention were obtained with exercise alone as control. This

pattern was reflected in the meta-analysis of results at post-intervention (Table 2), showing a

large and significant effect favouring the combined intervention over exercise alone (pooled

g = 1.06 [95% CI: 0.42, 1.72]), but nonsignificant effects against CBT alone (pooled g = 0.11

Fig 2. Forest plots for the effects of exercise cum cognitive-behavioural (CBT) intervention at post-intervention: (a) exercise alone as control, (b)

CBT alone as control, (c) nonspecific control, and (d) all controls.

https://doi.org/10.1371/journal.pone.0223367.g002
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[-0.64, 0.86]) or nonspecific control (pooled g = 0.12 [-0.12, 0.36]). This issue will be taken up

again in Discussion, although the pattern cannot be easily explained.

One study [34] used patients’ diaries to score pain intensity but did not describe the scoring

method. After excluding this study, a total of 12 studies reported follow-up outcomes on pain

intensity [20–27,29,31,32,36], although not all reported post-intervention outcomes at the

same time. Note that one of these studies [21] was listed as having 1-year follow-up outcomes,

but in fact the CBT component of the combined intervention continued on a monthly basis

after the conclusion of the main intervention; this needs to be taken into consideration when

interpreting the results. Six of the included studies reported multiple follow-up time points. Of

the 22 follow-up effects assessed, only seven effects reported by five studies were statistically

Fig 3. Forest plots for the effects of exercise cum cognitive-behavioural (CBT) intervention at follow-up: (a) exercise alone as control, (b) CBT

alone as control, (c) nonspecific control, and (d) all controls.

https://doi.org/10.1371/journal.pone.0223367.g003
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significant. Two studies [25,32] reported small to medium effects (g = 0.24–0.50), mostly at ~5

months of follow-up, for patients with osteoarthritis and fibromyalgia, while again three stud-

ies by Monticone and colleagues [21,23,24] reported quite large effects (g = 1.27–3.97) up to

2-year follow-ups for patients with neck and low back pain. These effects were obtained with

exercise alone [21,23–25], CBT alone [25], or pharmacological treatment [32] as control. Note

that one study [33] analysed chronic pain grade, a measure combining pain intensity and dis-

ability, and did not find any effect at post-intervention or follow-up. (For the sake of thorough-

ness, this outcome also appears on the forest plots).

Meta-analytic results for pain intensity at follow-up (Table 3) showed a similar pattern to

those at post-intervention, with a large effect against exercise-only programmes, pooled

g = 1.20 (0.41, 1.98). However, there was a small effect when the combined intervention was

compared with CBT alone (g = 0.25 [0.02, 0.48] based on one study only), but not when com-

pared with nonspecific control (pooled g = 0.25 [-0.27, 0.76]). Thus, support for the combined

intervention came primarily from the comparison with exercise-only programmes, while the

results were rather mixed as evidenced by the degree of heterogeneity. Because of the large

effects reported by some of these studies, the overall effect sizes, pooled across all control con-

ditions, were g = 0.98 (0.43, 1.52) at post-intervention and 0.99 (0.38, 1.61) at follow-up (Tables

2 and 3).

Functional disability. All but two studies examined disability as a post-intervention out-

come [19–26,26–31,33–35]. McBeth and colleagues [33] reported small effects (g = 0.27–0.49

against all three types of control conditions in patients with chronic widespread pain. Smeets

and colleagues [35] found a moderate effect (g = 0.54) for low back pain patients when exercise

cum CBT was compared with waitlist control, but no effect when it was compared with exer-

cise- or CBT-alone programmes. Contrary to Smeets et al.’s results, Kaapa et al. [27] reported a

small effect (g = 0.41) against exercise alone on patients with low back pain, whereas Bennell

et al. [25] found large effects (g = 0.70 and 1.18) for the combined intervention for osteoar-

thritic patients, against exercise alone and CBT alone respectively. Using a waitlist control,

Johansson and colleagues [26] conducted the only study in this pool in which different subdo-

mains of functional ability were assessed, in patients with musculoskeletal pain. They found a

positive moderate effect on social activity (g = 0.65) but not other types of activity. Addition-

ally, four studies conducted by Khan et al. [28] and Monticone et al. [21,23,24] reported large

effects for neck and low back pain patients (g = 2.24–3.41), all with exercise alone as control.

On the contrary, five other studies did not find a significant effect on functional disability for

exercise cum CBT at post-intervention [20,29–31,34]. On the whole, there was some evidence,

though varied and inconsistent, that physical exercise cum CBT reduced functional disability

at post-intervention, compared with waitlist, usual care, or exercise alone. Indeed, meta-analy-

sis (Table 2) showed a large post-intervention effect against exercise alone for the combined

intervention (pooled g = 1.04 [0.41, 1.68]), a small effect against nonspecific control (pooled

g = 0.42 [0.29, 0.54]), but a nonsignificant effect against CBT alone (pooled g = 0.42 [-0.30,

1.14]).

All but four studies reported follow-up outcomes [20–27,29–31,33,34,36]. Of the 30 effects

assessed in 14 studies, 12 were significant. Johansson and colleagues [26] reported effects at

1-month follow-up (g = 0.34–0.85) that were larger than those at post-intervention. Lambeek

et al. [29] reported a moderate effect (g = 0.62) against usual care at 9-month follow-up only,

but not at two shorter follow-up intervals (as well as at post-intervention). Bennell and col-

leagues [25] found moderate effects up to 40-week follow-up (d ~0.50) against CBT alone, but

not against the exercise-alone programme. Martin and colleagues [32] also found a small effect

at 20-week follow-up (g = 0.45) against pharmacological treatment. And again, the studies by

Monticone and colleagues [21–24] reported large effects up to 2-year follow-up (g = 1.71–
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5.49). Six other studies testing 13 follow-up effects did not find any significant effect whatso-

ever [20,27,31,33,36], including the study by Moffett et al. [34]. This latter study reported sig-

nificant effects at follow-up using change scores but the effects were not significant after

recalculation using our effect size formula.

Again, pooling the follow-up results across studies showed a large effect against exercise

alone for the combined intervention (pooled g = 1.47 [0.59, 2.34]), a small effect when com-

pared with nonspecific control (pooled g = 0.44 [0.32, 0.57]), but no effect when compared

with CBT alone (pooled g = 0.42 [-0.30, 1.15]). On the whole, there were more consistent

effects on functional disability than on pain intensity, and the overall effects (g) regardless of

control condition (post-intervention: 1.20 [0.66, 1.75]; follow-up: 0.95 [0.49, 1.42]) were larger

at post-intervention. The bulk of the evidence, again, came from the comparison with exer-

cise-alone programmes, with substantial heterogeneity in the findings of these studies. Inter-

estingly, studies that reported positive results at post-intervention also tended to find

significant results at follow-up, and vice versa.

Mood and mental symptoms. Only five studies assessed mood or mental symptoms,

including depressive symptoms, anxiety, general psychological distress (General Health Ques-

tionnaire) and mental health (SF-36 Mental Component) at post-intervention or follow-up

[25,27,32,33,35]. Only two of these studies found partial support for the effect of the combined

intervention. Bennell and colleagues measured depressive and anxiety symptoms but did not

find any effect at post-intervention. At follow-up, there were no effects whatsoever with CBT

alone as control, but when exercise alone was the control, significant effects were found for

depressive symptoms (g = 0.37 at 20-week follow-up only) and anxiety symptoms (g = 0.24 at

40-week follow-up only). Another study which found an effect was the one by Smeets and col-

leagues [35], showing a small effect too (g = 0.33) against exercise alone, but not when the com-

bined intervention was compared with CBT alone or waitlist control. In both of these studies,

effects were obtained when the exercise-alone condition served as the comparison group. No

effect was obtained whatsoever when CBT alone was the reference group, but also no effect

was found when waitlist [35] or usual care [33] served as control. Another study evaluating the

combined intervention against pharmacological treatment was also unable to obtain a treat-

ment effect [32]. However, the data for this study is to be interpreted with care as the dosages

of antidepressants and analgesia used were suboptimal for the management of depression.

All of the five studies were included in meta-analysis. There was no support for the com-

bined intervention in terms of alleviating mood and mental symptoms, whether using exercise

alone, CBT alone, nonspecific control, or any control condition as the reference.

Adherence to treatment

Six studies mentioned explicitly the procedures to monitor treatment fidelity (i.e., that treat-

ment conditions were delivered as planned) and adherence to treatment by participants

[23,25,29,31,33,36]. Four studies described monitoring treatment fidelity but not participant

compliance [20–22,24], whereas three studies had explicit procedures to check participant

compliance but not treatment fidelity [19,30,35]. In five other studies, there was some men-

tioning of monitoring participant adherence but the procedure was not clear or questionable

[21,22,24,28,32]. Three studies, however, did not provide any description of procedures to

monitor treatment fidelity or participant compliance [26,27,34]. There did not appear to be

any connection between whether these procedures were in place and whether significant

effects were found. However where effects were not found, whether the treatment was imple-

mented according to protocol or whether participants were following the treatments as recom-

mended remained a question.
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Risk of bias ratings

The risk of bias in individual studies is shown in Table 4. Out of the seven domains assessed,

only two domains were deemed low risk in all the studies (random sequence generation and

selective reporting). As all studies were randomised controlled trials, random sequence genera-

tion was fulfilled. Allocation concealment was not performed in eight of the studies. Because

of the nature of psychological and behavioural interventions, making it difficult to mask them,

blinding of participants and personnel were generally poor. Nonetheless, blinding of outcome

assessment was achieved successfully in 14 studies. The majority of studies used an intent-to-

treat approach; several studies reported to have no attrition while others handled missing data

by imputation or statistical modelling. All studies were deemed successful in preventing

reporting bias. Small sample sizes were noted in 4 studies. The distribution of the levels of risks

across studies is presented in Fig 4. Overall, all but one study was rated as having high risk of

bias, where studies had at least one or more domains scoring “high risk.” None was rated as

having unclear risk.

Publication bias

Only the outcomes of pain intensity and functional disability had at least 10 studies for creat-

ing funnel plots. The funnel plots using all the studies available (i.e., any control condition) are

Table 4. Risk of bias across studies.

Random sequence

generation

Allocation

concealment

Blinding of participants

and personnel

Blinding of outcome

assessment

Incomplete

outcome data

Selective

reporting

Other bias–small

sample size

Bennell, 2016 [25] + + + + + + +

Devasahayam,

2014 [19]

+ + + + - + -

Johansson, 1998

[26]

+ - - - - + -

Kaapa, 2006 [27] + + - - + + +

Khan, 2014 [28] + - - - + + +

Lambeek, 2010

[29]

+ + - + + + +

Lee, 2013 [30] + - + + + + -

Macedo, 2012 [31] + + - + + + +

Martin, 2014 [32] + + - + - + +

McBeth, 2012 [33] + - - + - + +

Moffett, 1999 [34] + + - - + + +

Monticone, 2012

[20]

+ - - + + + +

Monticone, 2013

[21]

+ - - + + + +

Monticone, 2014

[22]

+ - - + + + -

Monticone, 2016

[23]

+ - - + + + +

Monticone, 2017

[24]

+ + - + + + +

Smeets, 2006 [35] + + - + + + +

Thompson, 2016

[36]

+ + - + - + +

Note: + = low risk of bias, ? = unclear risk of bias, – = high risk of bias.

https://doi.org/10.1371/journal.pone.0223367.t004
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displayed in Fig 5. Egger’s tests showed significant asymmetry at post-intervention (bias =

6.00, t = 2.01, p = 0.08) but not follow-up (bias = 5.58, t = 1.63, p = 0.14) for pain intensity. As

for functional disability, there was asymmetry at both post-intervention (bias = 5.39, t = 1.95,

p = 0.08) and follow-up (bias = 8.28, t = 2.74, p = 0.02). While the funnel plots were supposed

to reveal whether small-study effects existed, the pattern actually suggested a bias toward large

intervention effects being reported by studies with small to medium sample sizes.

Sensitivity analysis

We attempted to examine outliers using several methods: (a) those outside of 95% CI, (b)

those beyond |2 SDs| and (c) those beyond |3 SDs|. We decided that the last approach was the

most appropriate one for this dataset as the former two led to too many outliers, although

quite a number of outliers were still identified using the last method in an iterative fashion. For

pain intensity at post-intervention, the number of outliers for the different control conditions

were: 6 (exercise alone) and 8 (all controls). For functional disability at post-intervention, the

number of outliers were: 8 (exercise alone) and 9 (all controls). For mood/mental symptoms at

post-intervention, the number of outliers were: 2 (exercise alone), 1 (CBT alone), and 1 (all

controls). For pain intensity at follow-up, the number of outliers were: 4 (exercise alone) and 7

(all controls). For functional disability at follow-up, the number of outliers were: 5 (exercise

alone) and 6 (all controls). And for mood/mental symptoms at follow-up, there was 1 outlier

when all studies, regardless of control condition, were analysed together.

After removing outliers at post-intervention, the effect sizes for pain intensity and func-

tional disability, respectively, were g = 0.28 (0.07, 0.49) and 0.49 (0.31, 0.68) against exercise

alone, and 0.42 (0.29, 0.56) and 0.37 (0.26, 0.49) against all controls. Likewise, when outliers at

follow-up were removed, the effect sizes for pain intensity and functional disability, respec-

tively, were g = 0.17 (0.03, 0.32) and 0.38 (0.20, 0.56) against exercise alone, and 0.23 (0.10,

0.37) and 0.52 (0.39, 0.65) against all controls. In other words, after the removal of outliers, the

combined intervention’s effects on pain intensity and functional disability continued to be

supported, although the magnitude of the effects was drastically reduced–only small effects

found for pain intensity and small-to-medium effects for functional disability. The outliers for

Fig 4. Distribution of risks of bias across studies.

https://doi.org/10.1371/journal.pone.0223367.g004
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mood and mental symptoms did not alter conclusions after removal (i.e., no intervention

effects whatsoever) and the detailed results will not be presented.

The above analyses had a potential problem. Because the effects reported by Khan et al. and

Monticone et al. were so “off the chart,” their presence could shift the mean of the study effects

to such an extent that studies finding no effects could be considered as outliers. We therefore

attempted another set of sensitivity analysis by simply removing the five studies by Khan et al.

and Monticone et al. [21–24,28]. The results were surprising. At post-intervention, the effect

sizes for pain intensity and functional disability, respectively, became g = 0.16 (-0.06, 0.38) and

0.23 (-0.05, 0.51) against exercise alone, and 0.15 (-0.09, 0.40) and 0.26 (0.09, 0.43) against all

controls. At follow-up, the effect sizes for pain intensity and functional disability, respectively,

were g = 0.17 (0.03, 0.32) and 0.28 (0.01, 0.56) against exercise alone, and 0.21 (0.10, 0.32) and

0.37 (0.18, 0.56) against all controls. Hence, at post-intervention, only the effect on functional

disability against all controls were significant; at follow-up, all the effects concerned remained

significant but were diminished. In other words, the observed effects of the combined inter-

vention were contributed mostly by two research groups who compared it to exercise-only

programmes. When their studies were removed, no effects on the two primary outcomes

were found at post-intervention, and only weak effects at follow-up assessments remained.

Fig 5. Funnel plots for (a) pain intensity at post-intervention, (b) pain intensity at follow-up, (c) functional disability at post-intervention, and (d)

functional disability at follow-up, all control conditions.

https://doi.org/10.1371/journal.pone.0223367.g005
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Discussion

This review systematically analysed up-to-date evidence from 18 studies covering 2391 partici-

pants from 10 countries. To the best of the authors’ knowledge, it is the first to synthesise the

effects of physical exercise cum CBT interventions on pain intensity, functional disability, and

mood and mental symptoms in those suffering from chronic musculoskeletal disease. For a

condition that is difficult to manage and often resistant to treatment, there is a vast amount of

management options available with a lack of clarity on their efficacy. This review provides an

overview of the combined efficacy of two widely used non-pharmacological options, namely

physical exercise and CBT. It is assumed that the combined intervention helps to restore the

physical condition of the patients, improve their skills to cope with pain, and encourage and

empower them to take responsibility for the management of their own musculoskeletal pain.

By helping patients modify their mistaken fears and beliefs, and thus adopt appropriate posi-

tive health-seeking behaviours, such interventions should be poised to support patients to con-

tain the impact of pain on daily activities, thereby reducing functional disability and fostering

independence. But does the literature support this proposition? Before the evidence is consid-

ered, a discussion of the potential impact of study bias is warranted.

Risk of bias

Biases of design, which could affect how the evidence was weighed, were noted amongst the

studies. The most common biases lied in the lack of allocation concealment and blinding of

research participants and personnel. The latter problem is often unavoidable for psychosocial

and behavioural interventions. Though not ideal, it was not considered a serious threat to the

validity of these studies, especially when an equally credible treatment, such as exercise alone,

was used as control. As only one study [26] has used a waitlist control as the only reference

group for the exercise cum CBT intervention, we do not think the overall conclusion permissi-

ble from this pool of studies needs to be qualified further because of the existence of this bias.

As regards to the allocation concealment bias, eight studies were considered to be at high

risk [26,28,30,33], over half of which belonged to the studies by Monticone et al. [20–23] and

Khan et al. [28], which then led to another issue for consideration. It was not clear to what

extent the lack of allocation concealment had to do with the range of effects reported by Mon-

ticone et al. and Khan et al., but given those effects being clear outliers, the existence of this

bias suggests considerable caution when interpreting their findings. Khan et al. also did not

blind outcome assessment, making it even more vulnerable to bias. These concerns are espe-

cially pertinent considering the fact that their studies had all used exercise alone as the refer-

ence group, thus constituting a disproportionate share of the evidence on the superiority of

adding CBT to exercise interventions. With the potential bias of these studies taken into

account, severe caution should be exercised when appraising the overall evidence concerning

the relative performance of the combined intervention and exercise-alone programmes. These

and similar issues will be revisited as the intervention effects are discussed in detail below.

Effects of exercise cum CBT interventions

This review showed inconsistent effects of the combined intervention on pain intensity at

post-intervention and follow-up time points. The majority of studies which assessed post-

intervention pain intensity did not find an effect [20,22,25–29,31,33,35]. Similarly, half of the

studies which reported follow-up outcomes found no effect [20,22,26,27,29,31,33], but when

the number of assessments was taken into account for studies with multiple follow-up time

points, the great majority of the evaluations did not provide support for the interventions.
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The studies which found an effect reported moderate to large effects at post-intervention

and small to large effects up to 2-year follow-up. Yet, it was noteworthy that most of these sig-

nificant effects came from two research groups led by Khan and Monticone [21,23,24,28], con-

tributing several very large effects to the pool. There was not a pattern suggesting a connection

between sample size and whether significant findings were reported; many studies with quite

large sample sizes powered to detect small effects did not actually find an effect. No pattern

between other biases and study findings could be identified also. In fact, apart from the studies

by Khan et al. and Monticone et al., only four studies [19,25,27,32] reported significant post-

intervention or follow-up effects, out of a subset of 10 studies (after removing studies by Khan

et al. and Monticone et al.). In fact, after removing these studies [21–24,28] from the pool, no

overall intervention effect on pain intensity was found anymore, while only a weak effect

remained at follow-up.

On the contrary, effects on functional disability were more often found, including studies

where effects on pain intensity were absent. Most studies reported either post-intervention or

follow-up effects that were generally small to medium in magnitude [19,25–27,29,32–35],

except for those reported by Khan et al. [28] and Monticone et al. [21–24]. Several interven-

tions which did not impact on pain intensity eased functional disability [22,26,29,33,35]. Note

that one of these studies [26] had a number of methodological weaknesses, as evident in five of

the seven Cochrane items being rated at high risk for this study (Table 4). Nevertheless, the

conclusion remains unchanged if this study was to be removed from the pool. Moreover, this

study was excluded from the meta-analysis due to the required information being unavailable

and so its potential biases did not influence the pooled results. On the whole, there is moderate

support for the interventions’ capability in improving daily activities in spite of pain. Even after

removing the studies with unusually large effect sizes [21–24,28], small overall intervention

effects on functional disability (all studies) were observed at post-intervention and follow-up.

The effects appeared to be driven by comparisons between the combined intervention and

nonspecific control, showing consistent effects on functional disability at post-intervention

and follow-up (both gs> 0.40), despite having no effects on pain intensity.

A closer inspection of Table 1 suggests that when an effect on functional disability was

reported in the absence of a simultaneous effect on pain intensity, the control group tended to

be a waitlist condition or usual care [26,29,33,35], while physical exercise alone was the control

in one study which was an outlier [22]. Given the preponderance of exercise alone serving as

control in this batch of studies, the compelling conclusion is that the differential effects on

functional disability (versus pain intensity) were not primarily driven by the superiority of the

combined intervention over exercise alone.

In other words, while the effect on pain intensity was weak and inconsistent, if not for the

outliers, the increased benefits on functional disability were not a result of adding CBT to exer-

cise interventions either. Moreover, the combined intervention had no effect on mood and

mental symptoms.

If adding CBT to exercise interventions yields no additional benefits (other than a few outli-

ers), does it mean that CBT is not useful for patients with chronic pain? This issue is worthy of

further consideration. The effectiveness of CBT has been established in those suffering from

chronic nonspecific low back pain, according to a meta-analysis [11]. Short and long-term

effects, though small to moderate in magnitude, were seen in the improvement of pain, func-

tional disability and quality of life, when CBT was compared with guideline-based active treat-

ment as well as usual care or waitlist. Another meta-analysis [57] assessing the effects of CBT

on chronic pain (excluding headache and cancer pain) showed that it had moderate effects in

improving pain intensity, mood symptoms and functional disability, as well as cognitive cop-

ing and appraisal (including catastrophising, i.e., a tendency to exaggerate and to ruminate
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about pain sensation and its effects) when compared with waitlist control. The effects were

limited to pain intensity and catastrophising when CBT was compared with another active

treatment.

In light of the established efficacy of CBT, the likely explanation for the relative lack of the

effect of CBT, on top of physical exercise, is that the effects of CBT and physical exercise are

more or less redundant. If this is true, then a possible reason is that the two types of treatment

affect pain-related outcomes through common pathways. For example, pain catastrophising, a

direct target of CBT, has also been found to be altered after physical exercise. The trial by

Smeets and colleagues [35], as shown in Table 1, included four arms, namely, physical exercise

alone, CBT alone, physical exercise cum CBT, and waitlist control. In addition to reporting on

outcomes, they also conducted a series of analyses to see if changes in pain catastrophising and

perceived internal control of pain from pre- to post-intervention mediated the intervention

effects [58]. With waitlist as the reference group, they found that catastrophising, but not

perceived control, mediated the effects on pain intensity and functional disability, regardless of
the type of intervention. Furthermore, pain catastrophising mediated the improvement in

depressive symptoms as well but only in those receiving the exercise-alone intervention. That

is, even physical exercise was able to reduce catastrophising (although exactly how was not

clear) which in turn explained the treatment effects on pain-related outcomes.

Strengths

This study has several strengths. It is the first to review the effects of combining physical

exercise and cognitive-behavioural restructuring amongst those suffering from chronic mus-

culoskeletal pain. The studies together covered a large aggregate sample involving six musculo-

skeletal conditions and a wide age range, increasing the generalisability of the results to the

chronic pain population in general. All of the studies used validated questionnaires to score

subjective experiences. The outcomes observed are clinically important and relevant for

researchers and practitioners concerned with the treatment of chronic musculoskeletal pain.

Most studies reported on follow-up as well as post-intervention outcomes so that long-term

effects of the interventions were available. This review also assessed whether fidelity and adher-

ence to treatment were related to the outcomes. Risks of bias (including publication bias) and

the effects of outlying studies were evaluated, with adjustments to conclusions being made

accordingly.

Limitations

Notwithstanding the strengths, the study has several limitations. First, in order to show how

exercise cum CBT interventions perform in relation to different control conditions, analyses

involving CBT-only and nonspecific control had only a few studies. It will be important to re-

conduct such analyses when more studies are available so as to see whether the findings are

replicated and to yield more reliable estimates of effect sizes. Second, only a few studies evalu-

ated the effects of the combined intervention on mood and mental symptoms. More studies

are needed not only to assess the effects of such combined interventions on these symptoms,

but also to understand why the interventions have not been more effective. Third, the studies

included participants with different diseases, which might contribute to heterogeneity of

results.

Last but not least, many studies reported significant results at follow-up with intervals rang-

ing from one month to nearly two years after the end of treatment. This begs the question of

the factors that were responsible for sustaining the intervention effects over such long periods.

For example, did the participants continue to follow the physical exercise regime and/or
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engage in cognitive restructuring on a regular basis, after the termination of treatment? No

information was available from the studies to shed light on this important issue and to under-

stand the mechanisms by which the large, long-term follow-up effects were produced in some

studies. Future research should investigate the underlying factors that need to be incorporated

into the design of intervention programmes in order to maximise their benefits to patients.

Conclusion and future directions

In summary, judging from the largely inconsistent intervention effects as well as generally null

results of the meta-analysis after removal of outliers, there is little evidence supporting the use

of exercise cum CBT intervention for relieving pain intensity. However, a fair degree of sup-

port exists for its efficacy in reducing the impact of pain on everyday activities. The effect, a

small one, was mostly limited to the comparison with control conditions such as waitlist and

usual care. Yet, the value of adding CBT to exercise interventions is questionable, as evident

from the fact that few differences were observed between such interventions and interventions

consisting purely of physical exercise, other than a few studies with unusual results that were

limited to two particular research sites.

Moreover, there was little evidence that interventions guided by CBT are better than phys-

ical exercise alone in improving mood. These findings beg the question of whether the extra

manpower and cost to run the additional CBT component are warranted, in view of the mar-

ginal benefits they have over physical exercise alone. A caveat is that while adding CBT to

exercise interventions may not be very worthwhile, CBT itself, when conducted indepen-

dently, is an effective intervention for people with chronic pain as demonstrated in the

literature.

In view of the limited efficacy and potential adverse effects of pharmacological treatment

for chronic pain, more research is needed to understand how non-pharmacological interven-

tions such as CBT and physical exercise should be utilised to help these patients. This may

entail investigating person-level characteristics (e.g., psychological profile) that are associated

with responsiveness to one type of treatment over another. Such research is needed to match

individuals to treatment in order to maximise treatment gain. Research is also needed to

understand the therapeutic processes involved in CBT and exercise interventions, and why

the two types of intervention tend to have effects that are redundant. Furthermore, more

research is needed to examine the effects of non-pharmacological interventions on psycho-

logical distress, given the prevalence of depression and anxiety symptoms in this population.

Finally, implicit in the above arguments is the need to improve monitoring of treatment fidel-

ity and participant compliance which are fundamental to the accurate assessment of

treatments.
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