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Background. Pain is a common symptom of chronic fatigue syndrome (CFS). We investigated the effects of the treatments used in the PACE trial [cognitive behavioural therapy (CBT), graded exercise therapy (GET), adaptive pacing
therapy (APT) and specialist medical care (SMC)] on pain in CFS.
Method. We compared pain outcomes including individual painful symptoms, taken from the CDC criteria for CFS and
co-morbid ﬁbromyalgia. We modelled outcomes adjusting for baseline variables with multiple linear regression.
Results. Signiﬁcantly less frequent muscle pain was reported by patients following treatment with CBT compared to
SMC (mean difference = 0.38 unit change in frequency, p = 0.02), GET versus SMC (0.42, p = 0.01) and GET versus APT
(0.37, p = 0.01). Signiﬁcantly less joint pain was reported following CBT versus APT (0.35, p = 0.02) and GET versus APT
(0.36, p = 0.02). Co-morbid ﬁbromyalgia was less frequent following GET versus SMC (0.03, p = 0.03). The effect sizes of
these differences varied between 0.25 and 0.31 for muscle pain and 0.24 and 0.26 for joint pain. Treatment effects on
pain were independent of ‘change in fatigue’.
Conclusions. CBT and GET were more effective in reducing the frequency of both muscle and joint pain than APT and
SMC. When compared to SMC, GET also reduced the frequency of co-morbid ﬁbromyalgia; the size of this effect on pain
was small.
Received 31 May 2013; Revised 6 August 2013; Accepted 9 August 2013; First published online 23 August 2013
Key words: Adaptive pacing therapy (APT), chronic fatigue syndrome (CFS), chronic pain, cognitive behavioural
therapy (CBT), ﬁbromyalgia, graded exercise therapy (GET), PACE trial, rehabilitation.

Introduction
Chronic fatigue syndrome (CFS)
CFS is a disorder characterized by chronic, postexertional, disabling fatigue in the absence of an
alternative explanatory diagnosis (Prins et al. 2006). It
is sometimes called myalgic encephalomyelitis (ME),
although some believe that ME is a separate condition.
The prevalence of CFS is between 0.2% and 2.6%
worldwide, depending on the deﬁnition used (Prins
et al. 2006). Prognosis is poor if untreated (Cairns &
Hotopf, 2005), although speciﬁc treatments can improve outcomes (NICE, 2007).
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The PACE trial was a recently reported parallelgroup randomized controlled trial of patients with CFS
that tested the beneﬁts and safety of adaptive pacing
therapy (APT), cognitive behavioural therapy (CBT),
and graded exercise therapy (GET), when added to
specialist medical care (SMC), and SMC alone
(White et al. 2011). The trial demonstrated that CBT
and GET can be added to SMC to safely and moderately reduce fatigue and physical disability for CFS,
but that APT was not an effective addition. This is
consistent with meta-analyses and systematic reviews
which also suggest that both CBT and GET are moderately effective treatments (Edmonds et al. 2004; Malouff
et al. 2008; Price et al. 2008; Castell et al. 2011), something
reﬂected in the guideline of the UK National Institute
for Health and Clinical Excellence (NICE, 2007).
Pain in CFS
Pain is a common symptom in CFS that is reported by
sufferers as being disabling and compromising to both
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physical and social function (Meeus et al. 2007). The
Centers for Disease Control (CDC) criteria for CFS
contain ﬁve painful symptoms (muscle pain, joint
pain, headache, sore throat, tender lymph nodes).
Muscle pain is the most common of these, affecting
as many as 93% of patients (Vercoulen et al. 1994;
King & Jason, 2005). Chronic idiopathic pain, such
as that which occurs in CFS, is poorly understood.
Management strategies for chronic pain often include
CBT and GET in combination with SMC, although
with variable success (Morley et al. 1999; Andrews
et al. 2012). Although the UK National Institute for
Health and Clinical Excellence (NICE) recommend
CBT and GET for CFS (NICE, 2007), no guidance
speciﬁc to the management of pain in CFS currently
exists and research in this area is sparse. It remains
unknown whether CBT and GET individually combined with SMC alleviate pain as well as fatigue in
CFS. It has been suggested that CBT is effective in
reducing painful symptoms in CFS by one group
(Knoop et al. 2007). However, this was examined in
those who had recovered from CFS after successful
treatment with this intervention, compared to those
who had received CBT for CFS but had not recovered.
This data alone is unable to clarify whether CBT is
effective for painful symptoms as a consequence, or
independent, of its effect on fatigue.
An overview of the precise use of therapies in the
PACE trial has been described elsewhere (White et al.
2011). Brieﬂy, CBT performed in the PACE trial was
employed on the basis of the fear avoidance theory
of CFS, suggesting that the cognitive (fear of engaging
in activity) and behavioural (avoidance of activity)
responses are linked and interact at the physiological
level to perpetuate fatigue. The aim of treatment
was to target these responses. GET performed in the
PACE trial was employed on the basis of deconditioning and exercise intolerance theories of CFS. The aim
of treatment was to help the participant gradually
to habituate to appropriate physical activities, reverse
the deconditioning, and thereby reduce fatigue and
disability. The theories underpinning the use of CBT
and GET in CFS for the PACE trial are also applicable
to their use in the management of chronic pain (Ostelo
et al. 2005; Lohnberg, 2007). APT was designed to help
the patient better adapt to their illness by listening to
their body and balancing activity against rest.
The aim of our study was to use data from the
PACE trial to compare treatments for their effect on
pain, reported by people with CFS, and to determine
whether treatment responses were associated with
changes in fatigue.
We hypothesized that CBT and GET would be more
effective than SMC or APT for painful symptoms
based upon prior literature and the evidence that

these treatments were more effective for reducing
both fatigue and disability (White et al. 2011).

Methods
We conducted an analysis of the PACE trial data, comparing the effects of APT, CBT, GET, and SMC on pain
and co-morbid ﬁbromyalgia.
In total, 641 patients were recruited into the PACE
trial from secondary-care specialist CFS clinics in
the UK, all of whom met the Oxford criteria for
CFS (6 months of disability, with fatigue as a principal
symptom, not otherwise explained by other diagnoses)
(Sharpe et al. 1991). Participants were assessed by a
research assistant for the presence of the international
CDC criteria for CFS (Reeves et al. 2003) and diagnostic
criteria for ﬁbromyalgia (Wolfe et al. 2010). The international criteria for CFS require 6 months of disabling fatigue and at least four of eight associated
symptoms (which include ﬁve pain symptoms), not
otherwise explained by an alternative diagnosis
(Reeves et al. 2003). We used the American College of
Rheumatology criteria (Wolfe et al. 2010) to diagnose
ﬁbromyalgia, with the exception of tender points.
These criteria require having 3 months of widespread
pain in all four quadrants, above and below the
waist, on both sides of the body, as well as axial pain
(Wolfe et al. 2010). All measures and criteria were
assessed at baseline (week 0, trial entry) and at the
study endpoint (week 52). The methodology, including
power calculations and descriptions of the interventions performed and primary outcome results of the
PACE trial have been reported in detail elsewhere
(White et al. 2007, 2011).
Painful symptom outcomes
While all patients in the PACE trial were required to
meet the Oxford criteria for CFS for inclusion, data
was also collected for the international (CDC) criteria.
We have focused on these in the current analysis due
to their description of painful symptoms. The international (CDC) criteria for CFS contain ﬁve painful
symptoms central to a diagnosis of CFS: muscle pain,
joint pain, headache, sore throat and tender lymph
nodes. We chose muscle pain and joint pain as individual symptom outcomes, before analysis of outcome
data, since these were the most commonly reported
at baseline. Each of the symptom domains for the
CDC checklist was scored with a 5-point scale: not at
all present (score 0), present a little (1), present more
than not (2), present most of the time (3), present all
of the time (4).
A further categorical scoring system was generated for both CFS and non-CFS pain, based upon
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Table 1. Selected demographic and clinical characteristics at baseline, n (%)
Treatment group

APT (n = 159)

CBT (n = 161)

GET (n = 160)

SMC (n = 160)

Age, years, mean (S.D.)
Female
Caucasian
International CFS criteria satisﬁed
London ME criteria satisﬁed
Any depressive disorder

39 (11)
121 (76)
146 (92)
107 (67)
81 (51)
54 (34)

39 (12)
129 (80)
151 (94)
106 (66)
84 (52)
52 (32)

39 (12)
123 (77)
148 (93)
106 (66)
84 (53)
54 (34)

37 (11)
122 (76)
150 (94)
108 (68)
80 (50)
53 (33)

APT, Adaptive pacing therapy; CBT, cognitive behavioural therapy; GET, graded exercise therapy; SMC, specialist medical
care; CFS, chronic fatigue syndrome; ME, myalgic encephalomyelitis; S.D., standard deviation.

presence (1) or absence (0) of symptoms. For the
CFS-related symptoms (CDC criteria), ratings of 0
and 1 were scored as ‘absent’ and ratings of 2, 3 or 4
were rated as ‘present’.
We used the frequency scores for our comparisons
of individual pain symptoms. This was a tertiary outcome chosen prior to the present analysis but after
the main analysis of the PACE trial, which did not
include painful symptoms. Diagnostic criteria for
ﬁbromyalgia were recorded as present (1) or absent
(0) at baseline (study entry) and study endpoint
(52 weeks) for all participants. Fibromyalgia is commonly co-morbid with CFS and since there is also a
clinical overlap between the two disorders, in terms
of painful symptoms, it was felt important to include
this data in the analysis.
Analysis
Independent-sample t tests were used to compare
the unadjusted means of pain frequency scores for
individual and global pains between individual treatment arms, comparing two at a time (CBT v. APT,
CBT v. GET, CBT v. SMC, APT v. GET, APT v. SMC,
SMC v. GET). The PACE trial was not powered to
investigate CBT v. GET (White et al, 2007). Pearson’s
χ2 test was used to compare categorical data between
trial arms for the presence or absence of the diagnostic
criteria for ﬁbromyalgia. We did not adjust for multiple
comparisons because the pain outcomes were secondary in the PACE trial, and the ﬁve comparisons were
stated a priori (White et al. 2007).
We calculated effect sizes for the unadjusted, signiﬁcant differences between treatment arms by Cohen’s d
(Cohen, 1988) at 52 weeks.
To adjust for confounders, composite CFS pain
scores and the most common CFS pain domains
(muscle pain and joint pain) were individually modelled by multiple linear regression with baseline
depressive disorder, international (CDC) criteria for
CFS, and London ME criteria, in addition to trial arm

and the dependent pain score at baseline. The presence
of ﬁbromyalgia diagnostic criteria was modelled using
binary logistic regression using the same covariates
and the presence of the diagnostic criteria at baseline.
All analyses were performed using the Statistical
Package for the Social Sciences (SPSS, IBM, version
20, USA). Conﬁdence intervals were calculated using
Wilson’s method (Bryant, 2000).
Results
A total of 641 patients were recruited, one of whom
withdrew consent after participation. Demographic
and clinical characteristics of participants were similar
across treatment arms, apart from a shorter duration of
illness in the SMC group (Table 1). Further details of
the sample have been reported previously (White
et al. 2011). The frequencies of the ﬁve individual
pain symptoms were 70% for muscle pain, 51% for
joint pain, 37% for headache, 31% for sore throat and
31% for lymph node pain.
Descriptive statistics
Frequencies of all painful symptoms and the presence
of ﬁbromyalgia diagnostic criteria are presented in
Tables 2 and 3.
Unadjusted comparisons
Pain symptoms
Individual pain symptoms are given in Table 4. Both
CBT and GET were associated with less frequent
muscle pain compared to APT (p = 0.04 and 0.03,
respectively), and with SMC (p = 0.02 and 0.01, respectively). Both CBT and GET were associated with less
frequent joint pain compared to APT (p = 0.04 and
0.03, respectively), but not compared to SMC.
The calculated effect sizes for these signiﬁcant differences between treatment arms varied between 0.25 and
0.31 for muscle pain and 0.24 and 0.26 for joint pain.
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Table 2. Presence of individual symptoms, valid% (n)
APT

Symptom
Muscle pain
Joint pain
Headache
Sore throat
Tender lymph
nodes

CBT

GET

SMC

Baseline
(n = 159)

52 weeks
(n = 151)

Baseline
(n = 161)

52 weeks
(n = 145)

Baseline
(n = 160)

52 weeks
(n = 144)

Baseline
(n = 160)

52 weeks
(n = 149)

71 (113)
52 (84)
37 (59)
32 (51)
31 (50)

60 (91)
49 (74)
31 (47)
31 (50)
23 (35)

64 (102)
50 (81)
39 (63)
33 (53)
32 (51)

50 (73)
34 (49)
28 (40)
28 (41)
28 (41)

71 (114)
51 (81)
37 (59)
29 (46)
29 (46)

50 (72)
39 (56)
29 (42)
31 (44)
29 (41)

72 (115)
52 (83)
36 (58)
30 (48)
32 (51)

60 (89)
45 (67)
34 (50)
27 (40)
25 (37)

APT, Adaptive pacing therapy; CBT, cognitive behavioural therapy; GET, graded exercise therapy; SMC, specialist
medical care;

Table 3. Presence of ﬁbromyalgia diagnostic criteria; valid% (n) and unadjusted trial arm comparisons,% difference (95% CI), p value
Valid% (n)

APT

SMC

APT
Baseline (n = 159)
52 weeks (n = 150)

25 (39)
24 (36)

CBT
Baseline (n = 161)
52 weeks (n = 145)

17 (28)
20 (29)

4.0 (−5.5 to 13.4), 0.41

6.8 (−2.9 to 16.4), 0.17

GET
Baseline (n = 160)
52 weeks (n = 144)

21 (33)
15 (21)

9.4 (0.3 to 18.3), 0.04*

12.3 (3.0 to 21.3), 0.01*

SMC
Baseline (n = 160)
52 weeks (n = 149)

24 (38)
27 (40)

2.8 (−7.0 to 12.6), 0.57

APT, adaptive pacing therapy; CBT, cognitive behavioural therapy; GET, graded exercise therapy; SMC, specialist medical
care; CI, conﬁdence interval.
* p < 0.05.

Fibromyalgia
GET was associated with a signiﬁcantly greater reduction in the frequency of ﬁbromyalgia at 52 weeks,
compared to APT (p = 0.04) and SMC (p = 0.01)
(Table 3). The number needed to treat (NNT) for
these comparisons were 11 and 13, respectively.
Regression modeling

CBT and APT was confounded by baseline differences
in muscle pain and was no longer signiﬁcant (p = 0.12).
Adding change in fatigue score into the model had
little effect on the treatment comparisons (CBT v.
SMC: 0.14, p = 0.05; GET v. APT: 0.18, p = 0.01; GET v.
SMC: 0.42, p < 0.001). Participant subgroups meeting
international criteria for CFS, London criteria for ME,
and depressive disorder criteria did not differ in the
pattern of treatment effects.

Muscle pain
After adjusting for possible confounders using linear
regression, reductions in muscle pain after both CBT
(difference = 0.14, p = 0.05) and GET (difference = 0.38,
p = 0.01) remained signiﬁcantly greater than with
SMC, and GET remained signiﬁcantly greater than
APT (difference 0.17, p = 0.01). The difference between

Joint pain
The effect of both CBT (difference = 0.35, p = 0.02)
and GET (difference = 0.15, p = 0.02) on joint pain
was signiﬁcantly greater than that of APT after
adjusting for baseline confounders. There was a trend
for both CBT (difference = 0.14, p = 0.05) and GET
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Table 4. Trial arm comparisons for the most frequently occurring pain symptoms at 52 weeks – reduced score implies reduction in symptoms
Total number at 52 weeks

APT

Muscle pain at 52 weeks,
total score (0–4)

Mean score (S.D.)

APT
CBT
GET
SMC

151
145
144
149

2.07 (1.42)
1.73 (1.33)
1.69 (1.38)
2.11 (1.34)

APT
CBT
GET
SMC

Joint pain at 52 weeks,
total score (0–4)
149
143
144
151

SMC

Muscle pain, unadjusted trial arm comparisons,
mean difference (95% CI), p value

−0.34 (−0.02 to −0.65), 0.04*
−0.37 (−0.05 to −0.69), 0.03*
0.05 (0.36 to −0.27), 0.76

−0.38 (−0.08 to −0.69), 0.02*
−0.42 (−0.11 to −0.73), 0.01*

Joint pain; unadjusted trial arm comparisons,
mean difference (95% CI), p value
1.64 (1.49)
1.29 (1.38)
1.28 (1.32)
1.54 (1.48)

−0.35 (−0.02 to −0.68), 0.04*
−0.36 (−0.05 to −0.69), 0.03*
−0.11 (0.23 to −0.44), 0.54

−0.25 (0.08 to −0.58), 0.14
−0.25 (0.70 to −0.57), 0.12

APT, adaptive pacing therapy; CBT, cognitive behavioural therapy; GET, graded exercise therapy; SMC, specialist medical
care; CI, conﬁdence interval.
* p < 0.05.

(difference = 0.22, p = 0.07) to be associated with less
joint pain compared to SMC, which was not evident
in the unadjusted comparison (p = 0.14 and 0.12,
respectively). Adding change in fatigue into the
model had little effect on treatment comparisons,
with the differences barely changing for CFS joint
pain (CBT v. APT: 0.31, p = 0.04; CBT v. SMC: 0.13,
p = 0.08; GET v. APT: 0.15, p = 0.03; GET v. SMC: 0.25,
p = 0.05). As before, alternative diagnostic criteria and
the presence of major depressive disorder did not
alter the pattern of treatment effects.
Fibromyalgia diagnostic criteria
A statistically signiﬁcantly greater reduction in the
frequency of ﬁbromyalgia at 52 weeks was seen for
GET compared to SMC in the adjusted model (difference = 0.73, p = 0.03). Adding change in fatigue did not
alter the model, with the difference barely changing
(GET v. SMC: 0.70, p = 0.05). As before, alternative diagnostic criteria and the presence of major depressive disorder did not alter the pattern of treatment effects.

Discussion
This study found that GET was more effective than
either APT or SMC in reducing the frequencies of
both muscle and joint pain. It was also more effective
than SMC in reducing the prevalence of ﬁbromyalgia.
CBT was more effective than SMC in reducing the
frequency of muscle pain and more effective than
either APT or SMC in reducing the frequency of joint
pain. The beneﬁcial effects of these therapies on painful

symptoms in CFS were independent of their effects on
reducing fatigue, i.e. their effects on painful symptoms
were not dependent on generating an improvement in
fatigue. However, the effect sizes were small.
Limitations
The timings of data collection during the PACE trial
were such that we were unable to report a linear
trend in the response to the interventions. Our
measures of pain were based on frequencies of pain,
rather than severity of pain and as such may not be
as clinically meaningful. By virtue of the original
power calculations for the PACE trial, we are unable
to report on comparisons between the two most effective interventions, CBT and GET. The PACE trial also
excluded patients unable to attend hospital, potentially
excluding the more severely affected patients, who
may have more pain that is less responsive, or differently responsive to the interventions assessed here.
Similarly, the group of patients assessed by the
PACE trial were those referred to secondary care,
rather than those managed within general practice.
These factors may affect the generalizability of our
ﬁndings.
Strengths
This analysis has the beneﬁt of the strengths of the
original PACE trial data, which had only small numbers of dropouts (5%), high rates of compliance with
the treatments, use of manual-deﬁned treatments provided by competent therapists, with good therapeutic
alliance and high rates of participant satisfaction
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(White et al. 2011). Furthermore, we examined all trial
participants by trial arm, irrespective of primary outcome, enabling an analysis of the effect of interventions
on painful symptoms in CFS rather than an effect on
painful symptoms that was dependent on the presence
of or reduction of fatigue (Knoop et al. 2007).
We additionally examined the effects of treatments
on ﬁbromyalgia and demonstrated that GET directed
at CFS improves outcome for co-morbid ﬁbromyalgia
as well as fatigue. CFS and ﬁbromyalgia are similar
disorders and commonly co-morbid (McKay et al.
2009). That GET is effective when the two co-exist
has important clinical ramiﬁcations. However, the
NNT for a positive outcome is greater than that
reported for ‘trial recovery’ after 52 weeks of either
GET or CBT in the PACE trial (White et al. 2013).
Comparisons with previous work in this area
CBT in CFS focuses on changing maintaining factors
such as unhelpful avoidance in order to reduce fatigue
and associated disabilities (Whiting et al. 2001).
Although trials examining the effects of CBT in CFS
report positive treatment effects, fatigue is normally
the primary outcome and pain is rarely measured
(Chambers et al. 2006). Two previous studies have
shown improved pain outcomes after CBT for CFS
(Stulemeijer et al. 2005; Knoop et al. 2007). A randomized controlled trial of CBT for CFS in adolescents
reported reduced muscle pain and headaches in
addition to reduction in fatigue (Stulemeijer et al.
2005). More recently Knoop and colleagues looked at
adult patients with CFS who had recovered from fatigue versus those with CFS who had not recovered
from fatigue after a CBT intervention for CFS (Knoop
et al. 2007). They found that recovered patients
reported a more signiﬁcant reduction in pain and
fewer pain locations compared to the non-recovered
patients. The sampling of patients by the efﬁcacy of
an intervention for one outcome (fatigue) to examine
the effect on another outcome (pain) is likely to be
biased towards the intervention if there is an association between the two outcomes, and should therefore
be interpreted with caution. This is consistent with the
contrasting ﬁndings of this trial, which found that
efﬁcacy against pain was independent of the effect on
fatigue.
Both CBT and GET are also commonly used in the
management of other chronic idiopathic pain disorders
although success in this regard seems to vary between
treatments and disorders (Morley et al. 1999; Andrews
et al. 2012). CBT is associated with greater effects for
any psychological interventions used (Glombiewski
et al. 2010). It is also effective in altering positive coping
measures and reducing the behavioural expression of

pain but is less effective against catastrophization,
affective disturbance and social functioning as they
relate to pain (Morley et al. 1999). This may lead
to the hypothesis that GET might be superior to CBT
in the treatment of chronic idiopathic pain. However,
in the current analysis we are unable to report on
this, as the PACE trial was not powered to examine
this comparison directly (White et al. 2007, 2011).
We found signiﬁcant advantages for both CBT and
GET for the most common types of pain (particularly
those affecting muscles). Joint pain was signiﬁcantly
better relieved by CBT compared to APT, while
adjusted comparisons showed only a trend for CBT
to be better than SMC. This may be related to the
encouragement of self-help management incorporated
within SMC.
GET was the most effective intervention for pain in
this trial, with GET reducing muscle pain more than
APT and SMC, reducing joint pain more than APT,
and co-morbid ﬁbromyalgia more than SMC.
Physical activity (as compared to sustained sedentary
behaviour) appears important in the central nervous
system’s regulation of pain in ﬁbromyalgia, a condition
closely related to and commonly co-morbid with CFS
(Ellingson et al. 2012). GET is a moderately effective
treatment for several pain disorders beyond CFS
(Geraets et al. 2005; George et al. 2010). The differences
in approach between APT and GET highlight the
importance of a graded approach to increasing physical activity for improving outcomes for chronic pain.
APT has been used in other chronic idiopathic pain
but recent studies report that it is ineffective
(Kindermans et al. 2011; Andrews et al. 2012). The suggestion has been made that APT represents a combination of pain avoidance and activity avoidance, both
of which are independently associated with worse
pain outcomes and greater disability due to pain
(Andrews et al. 2011). This might explain why our
analysis was unable to demonstrate any beneﬁcial
effect of APT on pain in CFS and the same may be
true of its lack of effect on fatigue as an outcome in
CFS, as reported in the PACE trial (White et al. 2011).
Conclusions
Pain in CFS remains poorly understood. In spite of
this, both CBT and GET show some efﬁcacy compared
to more passive forms of rehabilitation. It is important
that GET directed at fatigue in CFS is also effective
against co-morbid ﬁbromyalgia, particularly given
the frequency with which the two disorders co-occur.
Advances in treatment may come from focusing
these therapies towards pain as well as obtaining an
improved understanding of the pathophysiology of
pain in CFS.
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