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Abstract: Pain catastrophizing (PC), defined as an exaggerated negative cognitive-affective orien-
tation toward pain, is one of the strongest psychological predictors of pain outcomes. Although regularly
included as a process variable in clinical trials, there have been no comprehensive reviews of how it
can be modified. Using a registered protocol (PROSPERO 2016 CRD42016042761), we searched MEDLINE,
PsychINFO, EMBASE, CINAHL, and CENTRAL up to November 2016 for all randomized controlled trials
measuring PC in adults with chronic noncancer pain. Two authors independently screened studies
and assessed bias risk using the Cochrane tool. Quality of evidence was rated according to Grading
of Recommendations Assessment, Development and Evaluation criteria. We included 79 studies
(n = 9,914), which mostly recruited participants with musculoskeletal pain and had low risk of bias.
Meta-analyses (standardized mean difference) showed 9 interventions had efficacy compared with
waitlist/usual care or active control, although evidence quality was often low. The best evidence
(moderate-high quality) was found for cognitive-behavioral therapy, multimodal treatment, and ac-
ceptance and commitment therapy. Effects were generally of medium strength and had questionable
clinical significance. When only the 8 studies targeting people with high PC were included, effects
were larger and more consistent. Multimodal treatment showed the strongest effects when all studies
were considered, whereas cognitive-behavioral therapy had the best evidence among targeted studies.
Perspective: PC is a modifiable characteristic but most interventions produce only modest benefit
unless targeted to people with high PC. More research into theory-driven interventions matched to
specific patient profiles is required to improve treatment efficacy and efficiency.
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Pain catastrophizing (PC) is a negative cognitive-
affective response to pain and a large body of
research shows it is a significant risk marker for

adverse pain and health outcomes.101 Elevated PC is as-
sociated with greater disability,99 pain intensity,124

depression,42 anxiety,76 work absenteeism,10 opioid
misuse,72 and health-care utilization.38 A tendency to
catastrophize can also predict the transition to chronic-
ity and its maintenance,115 with the influential fear-
avoidance model of pain74,142,143 providing an account of
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how PC facilitates pain, disability, and distress, particu-
larly in musculoskeletal pain.56,138,141

Experimental and clinical data show that PC is associ-
ated with a range of biological processes that could
modulate nociception. These include: dysregulation of the
hypothalamic-pituitary axis that is linked to central
nervous system sensitization43,100; reduced descending in-
hibitory control through endogenous opioid pathways55;
increased activation of brain areas associated with af-
fective aspects of pain114; and pain-facilitating changes
in functional connectivity of the brain’s default mode
network.70

In treatment settings, PC is an important process vari-
able that mediates improvements through interventions
such as cognitive-behavioral therapy (CBT),21,133 accep-
tance and commitment therapy (ACT),146 exercise-based
rehabilitation,116 and multidisciplinary treatment.22,102,118

Some studies using cross-lagged designs show that im-
provements in PC early in treatment predict later
improvements in pain and disability.22,102 As a result, PC
has become a key treatment target, particularly in psy-
chological and multidisciplinary interventions for people
with chronic noncancer pain. Research has tended to focus
on musculoskeletal pain such as chronic low back pain
(CLBP),6 neck pain,149 and osteoarthritis,13 as well as
fibromyalgia,3 perioperative pain in the context of joint
replacement,103 and more recently neuropathic pain.102

However, it is still unclear how best to help people with
pain to catastrophize less, because a range of different
interventions produce benefit. There seems to be the most
evidence for CBT, with the only meta-analytic data on
PC interventions coming from the latest Cochrane review
of psychological therapies for chronic pain.149 This showed
that CBT reduces PC with a medium standardized mean
difference (SMD) effect of −.53 compared with waitlist
at post-test.149 However, in a high-quality head-to-head
trial comparing CBT, exercise (general aerobic and strength
training), and multidisciplinary treatment combining CBT
and exercise, all 3 interventions showed similar effects
of moderate strength.116 This is surprising because exer-
cise does not explicitly target unhelpful thinking processes.
More recently, emerging so-called third wave psycho-
logical therapies such as ACT and mindfulness meditation
have also shown efficacy for reducing PC,37,52 with some
suggesting large effect sizes.77 A recent head-to-head com-
parison of CBT and mindfulness meditation in people with
CLBP showed both were efficacious, with mindfulness
slightly superior in reducing PC in the short term.131

Although these data suggest that there are a range
of different ways to reduce PC, there is no clearly supe-
rior intervention and the mechanisms that underpin this
change remain unclear. To our knowledge, a meta-
analytic approach that investigates all interventions
measuring treatment-related changes in PC has not been
conducted. The present study therefore attempts to fill
this gap in the literature. Specifically, it aims to: 1) sys-
tematically review and describe randomized controlled
trials (RCTs) that measure catastrophizing changes in
chronic noncancer pain; 2) document and compare the
pooled effects of different interventions; and 3) iden-
tify factors that moderate the efficacy of these

interventions. Because of the evidence cited previously
that it is not only interventions designed to target PC that
show efficacy in reducing it,116 this review aims to examine
all treatment-related changes in PC regardless of whether
catastrophizing was specifically targeted as a primary
outcome. Although it is therefore likely that many of the
included studies do not primarily target PC, it allows for
an examination of a wider array of possibly efficacious
treatments, rather than just those intentionally de-
signed to reduce catastrophizing in high-risk cohorts.

Methods
Preferred Reporting Items for Systematic Reviews and

Meta-Analyses guidelines82 for conducting and report-
ing systematic reviews were used to design this study and
a review protocol was prospectively registered with
PROSPERO.111

Data Sources and Search Strategy
The primary search was conducted in the following da-

tabases: MEDLINE, EMBASE, PsycINFO, CINAHL, and
CENTRAL (the Cochrane Central Register of Controlled
Trials) up until November 2016. A search strategy was de-
veloped using free text words, questionnaire names, and
MeSH headings according to published guidelines.61,105

We used validated search filters for RCTs, including the
sensitivity-maximizing version of the Cochrane Highly Sen-
sitive Search Strategy for MEDLINE,61 the CADTH filter for
PsycINFO,31 and the SIGN filter for CINAHL113 (see
Supplementary Table 1, which details the MEDLINE search
strategy). Reference lists of retrieved studies and rel-
evant review articles were also manually searched.

Study Inclusion
Studies meeting the following criteria were eligible for

inclusion:
1) Participants reported any kind of chronic noncancer

pain, defined as pain lasting ≥3 months;
2) Participants were adults (≥18 years old);
3) Used at least 1 experimental intervention intended

to reduce clinical, rather than experimental pain or
pain-related outcomes;

4) Compared experimental interventions with waitlist/
usual care control or an active control using an RCT
design;

5) Analyzed ≥20 participants in each treatment arm at
post-test. This condition attempted to reduce the
risk of bias associated with small samples and in-
crease the likelihood that included studies would be
adequately powered. This condition is consistent with
the most recent Cochrane review of psychological
interventions for chronic pain, which also reports on
PC.149

6) Reported on changes in PC on a validated self-
report measure; and

7) Study was available as English language article pub-
lished in a peer-reviewed journal.

The inclusion of only published studies was intended to
maximize the quality of included data by ensuring it had
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passed peer-review, thereby reducing risk of bias. As noted
earlier, this review aimed to examine all treatment-related
changes in PC rather than only changes associated with studies
specifically designed to reduce catastrophizing. Therefore,
studies treating PC as either a primary outcome or a
secondary/process outcome were included, although how PC
was treated within studies was recorded for the sake of mod-
erator analysis. This is described in the section, Moderator
and Subgroup Analysis.

Using these criteria, 2 independent assessors (R.S., C.R.)
screened the titles and abstracts of all studies identi-
fied by the search. Clearly irrelevant studies were excluded
and the full text of the remaining articles were re-
trieved. Any discrepancies between assessors at screening
were discussed and resolved by consensus. The same
process was used to independently assess the full text of
potentially eligible studies. If consensus was not achieved,
a third assessor (H.S.) was consulted.

Data Extraction and Management
Data from included studies were extracted by 1 asses-

sor (R.S.) and checked by a second (A.S.). A customized
piloted data extraction form on the basis of Cochrane
guidelines61 was used to retrieve the following informa-
tion: study characteristics (design, funding, country);
sample characteristics (inclusion and exclusion criteria, age,
gender, pain duration, pain condition, number random-
ized); intervention characteristics (content, duration,
format, type of therapist, total therapist contact); and
outcome characteristics (PC instrument, number of par-
ticipants analyzed at each time point, catastrophizing
scores at each time point). For PC outcomes, means and
SDs/standard errors/confidence intervals (CIs) at base-
line, post-test, and follow-up were extracted, or
alternatively change scores from baseline plus standard
errors, were extracted. Only data from relevant
PC subscales were extracted from studies using broader
multidimensional measures (eg, Coping Strategies
Questionnaire106). Where insufficient data were re-
ported for meta-analysis, it was requested by contacting
study authors. Data screening was managed using
Covidence systematic review software.139 Outcomes for
meta-analysis were entered into Comprehensive Meta-
Analysis software11 by 1 author (R.S.) and checked by
another (A.S.).

Risk of Bias Rating
Risk of bias was assessed using the Cochrane Collabo-

ration’s risk of bias tool.60 Two authors (R.S., J.M.C.)
independently assessed each study in Covidence and re-
solved any differences through discussion to arrive at
consensus. Each study was assessed against 6 domains in
the standard tool: random sequence generation (selec-
tion bias), allocation concealment (selection bias), blinding
of participants (performance bias), blinding of outcome
assessment (detection bias), incomplete outcome data (at-
trition bias), and selective reporting (reporting bias).
Because many studies were expected to involve behav-
ioral interventions in which participants cannot be blinded

to intervention content, participant blinding in trials with
active control groups was assessed in terms of efforts to
control for expectancy effects by concealing study hy-
potheses. Studies only using waiting list/usual care control
groups are not able to control for expectancy effects in
this way and were judged at high risk of performance
bias. Only participant blinding, rather than therapist blind-
ing, was assessed because therapists delivering behavioral
interventions cannot be blinded to the content they are
delivering.151

Because PC was always measured with self-report ques-
tionnaires, which are relatively robust to detection bias,
this was rated “low” if participants completed these in-
dependently (eg, at home) and “high” if measures were
administered by unblinded assessors. Where missing data
due to attrition had been excluded from analysis, attri-
tion bias was judged as “high” if the loss was ≥20% of
the allocated sample.47 However, a “low” rating was given
if intention to treat (ITT) analysis was used with robust
imputation methods such as multiple imputation, or theo-
retically justified modeling methods that included
variables as covariates that might be predictive of
withdrawal.25 For reports for which authors did not pro-
spectively register their trials or publish a protocol,
reporting bias was judged “unclear,” because it was not
possible to determine whether all planned outcomes and
analyses were adequately reported.

Following Cochrane recommendations, risk of bias
results were used to classify studies as either at low risk
of bias, or at unclear/high risk of bias. We defined low-
risk studies as those having low risk ratings on at least
3 of the 6 bias categories, and also not being judged as
at high risk on any critical bias category (random se-
quence generation, allocation concealment, incomplete
outcome data, or selective reporting).

Data Synthesis and Analysis
Comprehensive Meta-Analysis11 software was used for

meta-analysis. Because PC was measured with a variety
of different self-report instruments as a continuous vari-
able, pooled effect sizes were generated as SMDs.61 A
random effects model was used because of the ex-
pected variation in interventions included and therefore
likely heterogeneity in effect sizes. Heterogeneity was as-
sessed for statistical significance using the Cochran Q
statistic and its magnitude was assessed using the I2 sta-
tistic, which describes the percentage of variability due
to true differences in effect sizes rather than due to
chance. Values of 25%, 50%, and 75% for I2 were used
to classify low, moderate, and high heterogeneity,
respectively.62 Pooled effect estimates using SMD were
interpreted according to Cohen’s criteria (small ≤.2; mod-
erate = .5; large ≥.8).33

Four groups of analyses were planned:
1) Waitlist/usual care controlled trials at post-test for

each intervention type;
2) Waitlist/usual care controlled trials at follow-up for

each intervention type;
3) Active control group trials at post-test for each in-

tervention type; and
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4) Active control group trials at follow-up for each in-
tervention type.

When there were multiple comparison groups and the
experimental treatment was not specified in the study,
the most intensive intervention was chosen as the ex-
perimental group. Active control groups included
comparison treatments intended to control for expec-
tation and other nonspecific factors. Low-contrast
comparisons from the same class of intervention were not
included. For example, when 2 variants of a CBT proto-
col were compared in a noninferiority trial, this was not
included in the CBT versus active control meta-analyses.
However, when CBT was compared with exercise, for
example, this was included. Only studies that presented
a treatment as an experimental condition were in-
cluded in meta-analyses of that intervention. For example,
education and exercise were commonly used as atten-
tion controls but at times were studied as experimental
conditions in their own right and compared against other
active controls. Therefore, only studies that used edu-
cation and exercise as experimental groups were included
in analyses calculating the pooled effect of education and
exercise. Consistent with Williams et al,149 follow-up com-
parisons were included where data were available
between 6 months and 12 months post-intervention, with
the longest of the follow-up periods chosen when several
assessments were made within this range.

Moderator and Subgroup Analysis
Where possible, these meta-analyses were performed

on all included studies. However, they were also per-
formed separately on the subset of studies that targeted
PC as a primary outcome and whose cohorts had clini-
cally significant levels of mean PC at baseline (on the basis
of recommendations of a score of >24 on the Pain
Catastrophizing Scale [PCS]112). This was done to explore
effect sizes in an emulated clinical context where inter-
ventions are commonly matched to clinical risk factors
(ie, a treatment aimed at reducing PC for those with clini-
cally significant symptoms of catastrophizing).121 This was
only included as a subgroup analysis because defining
clinical PC is still problematic, with published PCS cutoffs
varying from 16,23 to 20,148 24,112 and 30.120 Further-
more, because PC exists on a spectrum, it is likely that
even those with moderate elevations could benefit from
reducing these symptoms through treatment. There-
fore, although effect sizes in targeted cohorts were
deemed important to document, so too were effect sizes
across a spectrum of baseline catastrophizing. Pooled
effects are therefore presented separately for: 1) all in-
cluded studies, and 2) targeted studies (Tables 1–4).

Moderation of pooled treatment effects was also ex-
plored through meta-regression using Comprehensive
Meta-Analysis. The following moderator variables were
tested: risk of bias status, baseline PC, intervention du-
ration, facilitator contact time, pain condition, year of
publication, type of facilitator, whether PC was a primary
outcome, PC measure, and delivery format. To use base-
line PC as a moderator, scores on the various PC measures
were transformed into a common scale of 0 to 100. Meta-
regression significance testing was relaxed to P < .10

because of expected low power associated with small
samples. Finally, the statistical significance of differ-
ences in effect sizes between interventions in each of the
analysis domains mentioned previously was measured with
analysis of variance using the weighted sum of squares
Q statistic.

Publication Bias
As per Cochrane recommendations,61 funnel plots of

each meta-analysis with at least 10 studies were in-
spected and tested for publication bias. Smaller meta-
analyses (n < 10) were not tested because of the high
probability that they would be underpowered.61 Statis-
tical evidence of bias through asymmetry of plots was
tested using the Egger-weighted regression, with a sig-
nificant P value suggesting possible publication bias.44 The
effect of publication bias on pooled effects was esti-
mated using Duval and Tweedie’s trim and fill method
to impute likely missing studies and an adjusted effect
size when these studies were included.41

Quality of Evidence
We used Grading of Recommendations Assessment, De-

velopment and Evaluation (GRADE) criteria58 to assess the
quality of evidence for each intervention in the 4 analy-
ses described previously. Starting with an assumption of
high-quality evidence because all data came from RCTs,58

we downgraded evidence quality 1 category for each of
the following GRADE criteria:

1) Risk of bias: >25% of participants are from studies
judged at high/unclear risk of bias according to the
previously mentioned criteria (Supplementary Fig 1
for risk of bias summary);

2) Inconsistency: significant heterogeneity in pooled
effect (I2 > 50%);

3) Indirectness of evidence: interventions not directly
compared; results unlikely to generalize; surro-
gate outcomes used;

4) Imprecision: total participants <400 (on the basis of
optimal information size for a small effect, using nor-
mative approach of α = .05, β = .20, SMD = .2110); and

5) Publication bias: significant selective publication of
evidence on the basis of the previously described
criteria.

On the basis of these criteria, evidence from each analy-
sis was rated as either high, moderate, low, or very low
quality, defined according to GRADE.110

Results

Search
The search strategy returned 2,411 citations, with a

further 54 studies identified through manual search-
ing. As shown in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses flow chart (Fig 1),
the final review included 79 studies.1-4,6,7,9,12-19,26-30,32,39,

40,45,50,51,53,54,57,59,63,64,66,69,71,73,77-81,83-86,88-93,95-98,104,107,108,116-

119,125-132,134-137,144,145,147,150,152 Eight authors were contacted
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for further information or data, and 4 responded. Suf-
ficient data for meta-analysis was available for 77 studies.
A summary table of the characteristics of included studies
is provided in Supplementary Table 2.

Description of Studies
Most studies originated in Europe (64.6%) and North

America (22.8%), with the following countries most
strongly represented: United States (21.5%), Nether-
lands (16.5%), Sweden (12.7%), Spain (10.1%), and
Australia (10.1%). Included studies were published
between 1988 and 2016, with a median publication date
of 2013 (interquartile range [IQR] = 2009–2015). Most of
these RCTs used a single control group (n = 61, 77.2%),
although a handful used 2 (n = 16, 20.3%) or 3 (n = 2,
2.5%) control groups. The most common measures of PC
were the PCS123 (n = 44, 55.7%) and Coping Strategies
Questionnaire106 (n = 28, 35.4%). Four studies (5.1%) used
the Pain-Related Self-Statements scale,49 and 3 sepa-
rate studies (1.3% each) used the Cognitive Errors
Questionnaire,75 Vaginal Penetration Cognition
Questionnaire,68 and Pain Cognition List.140 These latter
3 scales were not listed in the published review protocol111

because they were only discovered during systematic da-
tabase searching; however investigation of their
psychometric properties justified inclusion, despite this
minor protocol deviation.

Only 32 studies (40.5%) reported specifically target-
ing PC as a primary outcome, with most treating PC as

a secondary outcome or not specifying a primary outcome.
There were only 8 (10.1%) targeted studies that used PC
as a primary outcome and included cohorts with high
baseline catastrophizing.

Participants
There were 9,914 participants (74% female) studied

in total, with trial samples ranging from 40 to 341
people. Participants ranged in age from 27 to 82 years,
averaging 48 years overall. Pain duration was only re-
ported in 58 studies (73%), with means ranging from
1.2 to 23 years (overall mean = 8.7 years). Spinal pain—
most often CLBP or neck pain—was the most common
pain condition (n = 24, 30.4%). Mixed pain cohorts (n = 19,
24.1%) and fibromyalgia (n = 17, 21.5%) were also
strongly represented, although the mixed cohorts were
mainly comprised of CLBP, making spinal pain by far
the dominant pain condition represented overall. Base-
line PC scores were available for 75 studies and when
these were converted to a 0 to 100 scale the mean
score was 44.3 (SD = 13.6). This corresponds to a score
of 23 on the PCS, which has a possible score of 0 to 52
(higher scores mean higher PC). When scores were di-
chotomized on the basis of recent evidence that a score
of ≥24 on the PCS represents high PC,112 a large propor-
tion of studies (n = 43, 57.3%) were found to have low
PC samples at baseline. Almost identical results were
found when only the 44 studies using the PCS were
included in this analysis.

2411 Records identifi ed 
through database searching

54 Additional records identifi ed 
through other sources

1860 Records after 
duplicates removed

1860 Records screened 1554 Records excluded

306 Full-text articles 
assessed for eligibility

227 Full-text articles excluded:
• 77 No catastrophizing outcomes
• 53 N<20 per treatment arm
• 32 Not RCT
• 25 Duplicate
• 25 Not chronic pain
• 13 No full-text available
• 1 Not English language
• 1 Report retracted

79 Studies inlcuded in 
qualitative synthesis

77 Studies included in 
quantitative synthesis 
(meta-analysis)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart for study selection.
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Interventions
Seventeen different types of intervention were iden-

tified. These could be broadly grouped into: those
containing mostly psychological content (n = 48, 60.8%);
those involving mostly physical treatments, such as ex-
ercise, acupuncture, or manual therapy (n = 7, 8.9%);
multimodal interventions involving a combination of
physical and psychological content (n = 22, 27.8%); and
purely pharmacological treatments (n = 2, 2.5%). Within
these groupings, the most common interventions studied
were CBT (n = 28, 35.4%) and multimodal interventions
(n = 20, 25.3%). However, all the multimodal interven-
tions contained a CBT component, making CBT by far the
most commonly used modality. The duration of inter-
ventions varied considerably, ranging from 1 day to 28
weeks (median = 8 hours, IQR = 5.75–12.00). Similarly, the
amount of contact participants had with treatment fa-
cilitators varied from no contact in the case of online
treatments, to 126 hours (median = 14 hours, IQR = 3.22–
24.62). Less than half of the included studies gave as much
facilitator contact to the control group as they did to the
experimental group (n = 33, 41.8%).

In terms of format, most interventions were deliv-
ered face-to-face, with 34 (43%) using a group format
and 24 (30.4%) delivered individually. Twenty-one (26.6%)
of the included studies were predominantly self-
administered using some form of media (internet,
smartphone, telephone, booklet), although some Web-
based interventions also involved minimal therapist
contact via e-mail or telephone. The most common fa-
cilitators of interventions in the experimental arms of
included studies were psychologists/psychotherapists
(n = 25, 31.6%) and multidisciplinary teams (n = 18, 22.8%).

Risk of Bias
A summary of the risk of bias assessment for the 79

studies reviewed is presented for each bias category in
Fig 2. Most studies (n = 60, 75.9%) had “low risk” ratings
for at least half of the bias categories assessed. The
median number of categories that were judged low risk
for each study was 4 of the 6 included. Using criteria de-
scribed earlier for judging each study’s overall risk of bias,
48 studies (60.8%) were low risk whereas 31 (39.2%) were
unclear/high risk (see Supplementary Fig 1, which pro-
vides a risk of bias assessment for each included study).

Risk of bias was also related to certain study character-
istics. For example, the number of bias categories judged
low risk for each study was positively correlated with its
sample size (Spearman ρ = .233, P = .039), publication year
(Spearman ρ = .239, P = .043), and number of treat-
ment arms (Spearman ρ = .258, P = .022). This suggests that
less-biased studies tended to be larger, more recent trials.

Meta-Analysis of Catastrophizing
Outcomes

Intervention Versus Waitlist/Usual Care:
Post-Test Outcomes

The effects of different interventions on PC com-
pared with waitlist/usual care at post-test are summarized
in Table 1, with 9 interventions showing efficacy. Meta-
analysis was possible for 5 of these—ACT, CBT, exercise,
mindfulness, and multimodal treatment—which is de-
picted with forest plots in Fig 3. One outlier28 with a very
large effect (SMD = −6.78) was removed because of its
outsized effect on the CBT meta-analysis, although in-
clusion did not alter the direction or significance of the
pooled effect. As shown in Table 1, effect sizes ranged
from small in the case of CBT (SMD = −.25) to very large
for graded exposure (SMD = −1.74). However, the quality
of evidence was very low for the interventions with large
effect sizes. The best quality evidence according to GRADE
criteria was found for CBT, multimodal treatment, exer-
cise, and mindfulness (moderate quality). Multimodal
treatment (medium effect) and CBT (small effect) had the
largest body of evidence, but effects were inconsistent,
thereby reducing confidence in their estimates. Exer-
cise and mindfulness showed consistent medium effects
but the estimates were imprecise, requiring data from
more participants to justify confidence in their effect es-
timates. Considering only the interventions for which
meta-analysis was possible, the differences in pooled
effect between interventions were not quite statisti-
cally significant (Q = 9.34, df = 4, P = .053).

Moderator and subgroup analysis. Multimodal treat-
ment and CBT were the only interventions with sufficient
studies for meta-regression using the moderator vari-
ables described earlier. For CBT, baseline PC was a
significant moderator of pooled effect (Q = 3.56, df = 1,
P = .06), favoring high baseline PC. The pooled effect of

Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item, presented as percentages across all in-
cluded studies.
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Table 1. Effects of Different Interventions on PC Compared With Waitlist/Usual Care at Post-Test

INTERVENTION†
PARTICIPANTS

(STUDIES)
SMD EFFECT

(95% CI)
PCS CHANGE

(95% CI)‡ HETEROGENEITY Q, I2 MODERATORS

EVIDENCE QUALITY

(GRADE)

All included studies
ACT56,71 263 (2) −.71* (−1.38 to −.04) −6.6 (−12.9 to −.4) 6.71*, 85.10 Low§,¶
CBT3,5,9-11,14,26,38,46,50,51,57-59,62 1,933 (15) −.25** (−.41 to −.10) −2.3 (−3.8 to −.9) 35.80**, 60.90 Baseline PC Moderate§
EFT8 66 (1) −.87** (−1.38 to −.36) −8.1 (−12.9 to −3.4) Very low§,¶,‖
Exercise24,51 277 (2) −.38*** (−.59 to −.17) −3.5 (−5.5 to −1.6) .22, .00 Moderate¶
Graded exposure30 70 (1) −1.74*** (−2.29 to −1.19) −16.3 (−21.4 to 11.1) Very low§,¶,‖
Hypnosis48 59 (1) −.32 (−.84 to .19) −3.0 (−7.8 to 1.8) Very low §,¶,‖
Manual therapy49 48 (1) −1.56*** (−2.21 to −.92) −14.6 (−20.6 to −8.6) Low§,¶
Mindfulness19,58 338 (2) −.46*** (−.67 to −.24) −4.3 (−6.3 to −2.2) .08, .00 Moderate¶
Multimodal16,17,51-53,63,66 737 (7) −.63*** (−.89 to −.38) −5.9 (−8.3 to −3.5) 18.91**, 68.28 Baseline PC; PC

primary outcome
Moderate§

Yoga15 53 (1) −.71* (−1.27 to −.15) −6.6 (−11.9 to −1.4) Low§,¶
Only studies targeting elevated PC††

CBT3,5,46,59 288 (4) −.45* (−.85 to −.06) −4.2 (−7.9 to −.6) 8.36*, 64.11 Very low§,¶,‖
Multimodal16,17,53 375 (3) −.88*** (−1.09 to −.66) −8.2 (−10.2 to −6.2) .42, .00 Moderate¶

Abbreviation: EFT, emotional freedom technique.
*P < .05.
**P < .01.
***P < .001.
†Studies included in each pooled effect.
‡Change in PCS score calculated by multiplying SMD by average SD of included studies that used PCS (SD = 9.34).
§Downgraded because of inconsistency.
¶Downgraded because of imprecision.
‖Downgraded because of risk of bias.
††Targeted interventions are those that treat PC as a primary outcome and have cohorts with clinically significant levels of catastrophizing (>24 equivalent on the PCS).
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Figure 3. Pooled effects on PC of different interventions versus waitlist/usual care at post-test.
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CBT among studies with high baseline PC was larger
(SMD = −.36, 95% CI = −.55 to −.16, P < .001) and less het-
erogeneous (Q = 18.75, df = 8, P = .02, I2 = 57.34).
Multimodal interventions were also moderated by base-
line PC (Q = 4.78, df = 1, P = .03) as well as whether PC
was targeted as a primary outcome. As shown in Table 1,
these moderation effects are reflected in the subgroup
analyses, where including only high baseline PC studies
that targeted catastrophizing produced larger effect sizes
for CBT (SMD = −.45) and multimodal treatment
(SMD = −.88). A reduction in heterogeneity was also ob-
served for multimodal treatments, but not CBT.

Publication bias. Only CBT had sufficient studies for
an intervention-specific funnel plot. As shown in Fig 4,
there was no evidence of asymmetry (Egger test = −1.52,
df = 13, P = .13) and no missing studies according to Duval
and Tweedie’s trim and fill method.

Intervention Versus Waitlist/Usual Care:
Follow-Up Outcomes

There were fewer studies providing follow-up data than
post-test data; however, the efficacy of 5 different in-
terventions compared with waitlist/usual care at 6 to 12
months is shown in Table 2. All interventions—ACT, CBT,
hypnosis, mindfulness, and multimodal treatment—
had significant medium effects. Meta-analysis was possible
for ACT, CBT, and multimodal treatment, as depicted with
forest plots in Fig 5. The outlier28 exerting an outsized
effect on the post-test CBT meta-analysis was removed
for the same reason. The quality of evidence ranged from
very low (hypnosis) to moderate (CBT, multimodal). Again,
CBT had the most data (6 studies), but the considerable
heterogeneity of effect sizes reduced confidence in the
pooled effect estimate. As shown in Fig 5, this hetero-
geneity was mainly because of the influence of 1 study
with large effects.3 Multimodal treatment had more

consistent effects, however, the estimate was imprecise
in the absence of a larger sample. The pooled effects of
the meta-analyzed interventions were not significantly
different from each other (Q = 1.34, df = 2, P = .51).

Moderator and subgroup analysis. The only inter-
vention with sufficient studies for meta-regression was
CBT. Baseline PC was a significant moderator of pooled
effect (Q = 3.42, df = 1, P = .06), favoring high baseline
PC. Recalculating the pooled effect of CBT for studies with
high baseline PC produced a larger effect (SMD = −.69,
95% CI = −1.31 to −.06, P < .05) but increased heteroge-
neity (Q = 4.88, df = 2, P = .03, I2 = 79.50). Similarly, the
subgroup analysis of only targeted studies (Table 2) re-
sulted in a larger CBT effect (SMD = −1.01), although this
was only on the basis of 1 study.

Publication bias. There were not enough studies to
reliably test for publication bias in any of the meta-
analyses at follow-up.

Intervention Versus Active Control:
Post-Test Outcomes

Ten different interventions were tested against active
control interventions, as represented by the 40 studies
and 4,191 participants in Table 3. Only half of these
showed efficacy—ACT, CBT, exercise, hypnosis, and
multimodal treatment—and effects were moderate except
for multimodal treatment, which had a large effect.
Meta-analysis was possible for the 7 interventions de-
picted with forest plots in Fig 6. Omitted from these
analyses were studies that compared different variants
of the same type of intervention.28,39,50,89,93,95,118,119,132,136,144,150

As shown in Table 3, there was high-quality evidence
for ACT (SMD = −.44) on the basis of 4 studies. Again,
CBT provided the most data (12 studies); however, several
studies had an unclear or high risk of bias, so the quality
of this evidence (SMD = −.47) was downgraded to
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Figure 4. Funnel plot of observed (white) and imputed (black) studies for comparison: CBT versus waitlist/usual care at post-test
(n = 15 studies).
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Table 2. Effects of Different Interventions on PC Compared With Waitlist/Usual Care at Follow-Up (6–12 Months)

INTERVENTION†
PARTICIPANTS

(STUDIES)
SMD EFFECT

(95% CI)
PCS CHANGE

(95% CI)‡ HETEROGENEITY Q, I2 MODERATORS

EVIDENCE QUALITY

(GRADE)

All included studies
ACT56,71 263 (2) −.60* (−1.06 to −.14) −5.6 (−9.9 to −1.3) 3.27, 69.45 Low§,¶
CBT3,4,9,10,57,58 1,116 (6) −.39*** (−.59 to −.19) −3.6 (−5.5 to −1.8) 13.04*, 61.64 Baseline PC Moderate§
Hypnosis48 59 (1) −.69* (−1.22 to −.17) −6.4 (−11.4 to −1.6) Very low‖,§,¶
Mindfulness58 229 (1) −.46*** (−.67 to −.24) −4.3 (−6.2 to −2.2) Low§,¶
Multimodal16,17 285 (2) −.56** (−.80 to −.32) −5.2 (−7.5 to −3.0) .44, .00 Moderate¶

Only studies targeting elevated PC††
CBT3 95 (1) −1.01*** (−1.44 to −.59) −9.4 (−13.4 to −5.5) Moderate¶
Multimodal16,17 285 (2) −.56*** (−.80 to −.32) −5.2 (−7.5 to −3.0) .44, .00 Moderate¶

Abbreviation: EFT, emotional freedom technique.
*P < .05.
**P < .01.
***P < .001.
†Studies included in each pooled effect.
‡Change in PCS score calculated by multiplying SMD by average standard deviation of included studies that used PCS (SD = 9.34).
§Downgraded due to inconsistency.
¶Downgraded due to imprecision.
‖Downgraded due to risk of bias.
††Targeted interventions are those that treat PC as a primary outcome and have cohorts with clinically significant levels of catastrophizing (>24 equivalent on the PCS).
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moderate. Multimodal treatment had moderate-
quality evidence of a large effect (SMD = −1.00), which
was downgraded because of high heterogeneity. All
other interventions had low- or very low-quality evi-
dence. Differences in pooled effects across meta-
analyzed interventions were not statistically significant
(Q = 9.74, df = 6, P = .136).

Moderator and subgroup analysis. There were suffi-
cient studies for meta-regression of ACT, CBT, education,
and multimodal treatments. For ACT, facilitator contact
time significantly moderated treatment effect (Q = 4.02,
df = 1, P = .04), favoring more contact. Delivery format
also moderated the effect (Q = 3.76, df = 1, P = .05), with
face-to-face interventions superior to internet interven-
tions. For CBT, facilitator type moderated effect (Q = 8.53,
df = 4, P = .07), favoring psychologists. Whether PC was
targeted as a primary outcome also influenced pooled
effects (Q = 5.66, df = 1, P = .02), and limiting the CBT
analysis to studies targeting PC produced larger effects

(SMD = −.65, 95% CI = −.85 to −.45. P < .001) with less het-
erogeneity (Q = 2.64, df = 3, P < .001, I2 = .00). Baseline PC
moderated the effect of education interventions (Q = 5.57,
df = 1, P = .02), although unexpectedly favoring low base-
line PC. Contact time influenced education effects as well
(Q = 3.65, df = 1, P = .06), favoring more contact. Finally,
for multimodal interventions baseline PC influenced
outcome, favoring high PC as expected (Q = 4.33, df = 1,
P = .04). Facilitator type also moderated multimodal out-
comes, with multidisciplinary teams superior to
physiotherapists (Q = 5.66, df = 1, P = .02). Limiting this
meta-analysis to studies of multimodal interventions led
only by multidisciplinary teams for people with high base-
line PC increased the pooled effect (SMD = −1.52, 95%
CI = −2.45 to −.59, P < .001) but heterogeneity remained
high (Q = 102.81, df = 1, P < .001, I2 = 96.11).

The subgroup analyses of targeted high PC interven-
tions showed that only CBT was effective. It had stronger
and more consistent effects in this cohort (SMD = −.84)

Figure 5. Pooled effects on PC of different interventions versus waitlist/usual care at follow-up (6–12 months).
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Table 3. Effects of Different Interventions on PC Compared With Active Controls at Post-Test

INTERVENTION†
PARTICIPANTS

(STUDIES)
SMD EFFECT

(95% CI)
PCS CHANGE

(95% CI)‡ HETEROGENEITY Q, I2 MODERATORS

EVIDENCE QUALITY

(GRADE)

All included studies
ACT12,29,56,71 474 (4) −.44** (−.69 to −.19) −4.1 (−6.4 to −1.8) 5.49, 44.32 Contact; format High
Acupuncture65 126 (1) −.01 (−.36 to .34) −.1 (−3.4 to −3.2) Low¶,‖
CBT3,7,13,18,21,31,35,39,44,55,60,61 1,251 (12) −.47*** (−.62 to −.33) −4.4 (−5.8 to −3.1) 16.18, 31.99 Facilitator; PC primary

outcome
Moderate¶

Education22,28,36,43 284 (4) −.52 (−1.14 to .09) −4.9 (−10.6 to −.8) 18.67***, 83.94 Baseline PC; contact Very low§,¶,‖
Exercise64 139 (1) −.36* (−.69 to −.02) −3.4 (−6.4 to −2) Low§,¶
Graded exposure33 77 (1) −.34 (−.79 to .11) −3.2 (−7.4 to −1.0) Low§,¶
Hypnosis2,32 169 (2) −.47** (−.78 to −.16) −4.4 (−7.3 to −1.5) .04, .00 Low¶,‖
Mindfulness20,23,67 281 (3) −.13 (−.37 to .10) −1.2 (−3.5 to −.9) .26, .00 Low¶,‖
Multimodal1,6,34,37,40-42,45,47,52 1,258 (10) −1.00*** (−1.54 to −.46) −9.3 (−14.4 to −4.3) 176.93***, 94.91 Baseline PC; facilitator Moderate§
Pharmacotherapy27,54 132 (2) −.02 (−.37 to .32) −.2 (−3.5 to 3.0) .52, .00 Low¶,‖

Only studies targeting elevated PC††
CBT3,44 146 (2) −.84*** (−1.18 to −.50) −7.8 (−11.0 to −4.7) .23, .00 Low¶,‖
Education28 105 (1) .20 (−.18 to .58) −1.9 (−1.7 to 5.4) Low¶,‖
Pharmacotherapy54 70 (1) −.14 (−61 to .33) −8.2 (−10.2 to −6.2) Low¶,‖

Abbreviation: EFT, emotional freedom technique.
*P < .05.
**P < .01.
***P < .001.
†Studies included in each pooled effect.
‡Change in PCS score calculated by multiplying SMD by average standard deviation of included studies that used PCS (SD = 9.34).
§Downgraded due to inconsistency.
¶Downgraded due to imprecision.
‖Downgraded due to risk of bias.
††Targeted interventions are those that treat PC as a primary outcome and have cohorts with clinically significant levels of catastrophizing (>24 equivalent on the PCS).
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Figure 6. Pooled effects on PC of different interventions versus active control at post-test.
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but evidence quality was downgraded to low because of
the small sample.

Publication bias. There were enough studies to test
for publication bias in the CBT and multimodal inter-
vention meta-analyses. As shown in Fig 7, the funnel plot
for CBT displayed some asymmetry (Egger test = −2.22,
df = 10, P = .045), but trim and fill did not impute any
missing studies that would alter the pooled effect size,
suggesting the effect of any possible publication bias is
trivial. As shown in Fig 8, the funnel plot for multimodal
interventions also showed slight asymmetry (Egger
test = −22.13, df = 8, P = .026), and trim and fill sug-

gested 1 study in the same direction of the pooled effect
was missing, which again suggests trivial effects of any
publication bias.

Intervention Versus Active Control: Follow-
Up Outcomes

Six different interventions were tested against active
control groups at follow-up (22 studies, n = 2,653).
However, as shown in Table 4, only 3 of these were ef-
ficacious: ACT, CBT, and multimodal treatment. These 3
interventions were suitable for meta-analysis, with forest
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Figure 7. Funnel plot of observed (white) and imputed (black) studies in comparison: CBT versus active control at post-test (n = 12
studies).
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Figure 8. Funnel plot of observed (white) and imputed (black) studies in comparison: multimodal interventions versus active control
at post-test (n = 10 studies).
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Table 4. Effects of Different Interventions on PC Compared With Active Controls at Follow-Up (6–12 Months)

INTERVENTION†
PARTICIPANTS

(STUDIES)
SMD EFFECT

(95% CI)
PCS CHANGE

(95% CI)‡ HETEROGENEITY Q, I2 MODERATORS

EVIDENCE QUALITY

(GRADE)

All included studies
ACT12,29,56,71 399 (3) −.35** (−.59 to −.11) −3.3 (−5.5 to −1.0) 2.86, 30.16 High
CBT3,7,18,21,25,35,55,61 928 (8) −.30** (−.51 to −09) −2.8 (−4.8 to −.8) 16.08*, 56.46 Pain condition; PC primary

outcome
Moderate§

Education28 105 (1) .15 (−.23 to .54) 1.4 (−2.1 to 5.0) Very low§,¶,‖
Graded exposure33 73 (1) −.07 (−.53 to .39) −.7 (−5.0 to 3.6) Low§,‖
Mindfulness20 124 (1) .00 (−.35 to .36) .0 (−3.3 to 3.4) Very low§,¶,‖
Multimodal1,6,34,37,40-42,47 1,024 (8) −1.39** (−2.27 to −.51) −13.0 (−21.2 to −4.8) 268.24***, 97.39 Baseline PC; facilitator Moderate§

Only studies targeting elevated PC††
CBT3 95 (1) −.73** (−1.15 to −.32) −6.8 (−10.7 to −3.0) Moderate‖
Education28 105 (1) .15 (−.23 to .54) −1.4 (−2.1 to 5.0) Low¶,‖

Abbreviation: EFT, emotional freedom technique.
*P < .05.
**P < .01.
***P < .001.
†Studies included in each pooled effect.
‡Change in PCS score calculated by multiplying SMD by average standard deviation of included studies that used PCS (SD = 9.34).
§Downgraded due to inconsistency.
¶Downgraded due to risk of bias.
‖Downgraded due to imprecision.
††Targeted interventions are those that treat PC as a primary outcome and have cohorts with clinically significant levels of catastrophizing (>24 equivalent on the PCS).
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plots shown in Fig 9. Omitted were studies that com-
pared different variants of the same intervention
type.28,79,89,91,93,95,118,119,132,136,144,145,147,150 Like results at post-
test, there was high-quality evidence of a medium effect
for ACT (SMD = −.35). Moderate-quality evidence was
found for CBT having a medium effect (SMD = −.30), which
was downgraded because of heterogeneity. Multimodal
treatment was downgraded for the same reason, yield-
ing moderate-quality evidence for a large effect
(SMD = −1.39). Comparison of pooled effect sizes showed
a significant difference in favor of multimodal treat-
ment (Q = 7.51, df = 2, P = .023).

Moderator and subgroup analysis. There were suffi-
cient CBT and multimodal studies for regression-based
moderator analysis. Pain condition moderated the effect
of CBT (Q = 14.74, df = 5, P = .01), favoring spinal pain and

fibromyalgia over vulvodynia and temporomandibular dis-
orders. Targeting PC as a primary outcome also moderated
CBT effects (Q = 14.74, df = 5, P = .01). Limiting this meta-
analysis to studies targeting PC increased the CBT effect
(SMD = −.54, 95% CI = −.82 to −.26, P < .001) and de-
creased its heterogeneity (Q = 1.31, df = 1, P = .25,
I2 = 25.42). For multimodal interventions, baseline PC mod-
erated effects (Q = 19.50, df = 1, P < .001), favoring high
PC. Facilitator type also moderated effects (Q = 7.85, df = 1,
P = .005), favoring multidisciplinary teams over physio-
therapists. Limiting this meta-analysis to studies with high
baseline PC and multidisciplinary facilitators increased
effects (SMD = −2.95, 95% CI = −4.20 to −1.71, P < .001),
but heterogeneity remained high (Q = 39.12, df = 2,
P < .001, I2 = 94.89). Subgroup analyses of only targeted
interventions echoed post-test findings, with only

Figure 9. Pooled effects on PC of different interventions versus active control at follow-up (6–12 months).
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CBT showing efficacy, albeit with greater strength
(SMD = −.73).

Publication bias. There were not enough studies to
reliably test for publication bias in any of the meta-
analyses at follow-up.

Discussion
To our knowledge this is the first systematic review to

focus on reductions in PC using any type of interven-
tion. We had 3 related aims: 1) to systematically review
and describe RCTs that measure catastrophizing changes
in chronic noncancer pain, 2) to document and compare
the pooled effects of different interventions, and 3) to
identify factors that moderate the efficacy of these in-
terventions. Considering the first of these, there is clearly
a large body of literature examining treatment-related
changes in PC, providing strong evidence that PC is a
modifiable characteristic. Our review, using strict meth-
odological inclusion criteria, yielded a considerable 79
studies representing 9,914 people with mostly musculo-
skeletal pain, although it is possible that this is an
incomplete retrieval of available data. However, only a
minority (40.5%) of these studies targeted PC as a primary
outcome. This probably reflects the fact that PC is usually
seen as a process variable10,48,146 and many of the in-
cluded studies were secondary mediation analyses of
broader trials. Only 8 studies targeted PC and also in-
cluded cohorts with high PC, suggesting there are
relatively few high-quality trials matching treatments to
this particular risk profile.

Although the methodological quality of the included
research was generally good, with most studies (61%) re-
ceiving a low risk of bias rating, there was scope for
improving performance bias, attrition bias, and report-
ing bias. For example, more of the studies using active
controls could have made explicit attempts to control for
expectancy effects by concealing study hypotheses. There
were also still too many studies either not accounting for
attrition with ITT analysis or using ITT with unreliable im-
putation methods such as last observation carried
forward.25 Finally, it was disappointing that so few recent
studies had a low risk of reporting bias because publi-
cation guidelines have required prospective registration
of clinical trials since at least 2005.65,109

The second aim of this review has perhaps the most
clinical utility—documenting and comparing effect sizes
across interventions. Our general finding when consid-
ering all included studies was that several interventions
work modestly well in reducing PC and multimodal treat-
ments combining CBT and exercise may work best,
although further high-quality research is needed to
confirm this. Nine different interventions showed effi-
cacy at post-test when compared with waitlist/usual care,
although considering only treatments with at least mod-
erate quality, there was evidence for: ACT, CBT, exercise,
mindfulness, and multimodal treatment. When com-
pared with active controls, 3 treatments stood out: CBT,
multimodal treatment, and ACT. An encouraging finding
was that treatment benefits were largely maintained at
follow-up, which may suggest that these interventions

involve skill acquisition that translates to at least medium-
term behavior change.

When all 79 studies were considered, most of the
pooled effect sizes observed were of medium strength
(SMD = .3–.8). Converting this to scores on the most
common scale of PC suggests reductions of approxi-
mately 3 to 7 points on the 52-point PCS.123 The obvious
question is whether this is clinically meaningful, which
is difficult to answer with only group-level data re-
ported in the included studies. Although several methods
for assessing clinical significance exist, one common ap-
proach looks for reliable change unlikely to be caused
by measurement error, along with movement from a clini-
cal range to a nonclinical range.67 There is evidence that
minimum reliable change on the PCS is approximately
20%,46 whereas a conservative clinical cutoff for the PCS
is a score of 20.122,148 On this basis, minimum clinically sig-
nificant change would be a reduction of 5 points on the
PCS (baseline 24, post-test 19), which equates to an effect
size of SMD = −.54, because the average SD of the PCS
in this review was 9.34. Considering only interventions
with at least moderate-quality evidence, this condition
was only satisfied by multimodal treatment when all in-
terventions were considered, and by CBT as well as
multimodal treatment when only targeted studies were
considered.

There are several plausible reasons that multimodal
treatments might have shown larger effect sizes.124

First, because multimodal treatment usually combined
CBT and exercise, it is possible that these components
had additive effects. Considering the fear-avoidance
model, if a person’s catastrophizing involved magnified
threat cognitions relating to injury or functional
limitations,20,142 exercising without catastrophic out-
comes could function as a form of behavioral experiment
aiding cognitive restructuring through the provision of
disconfirmatory evidence.8 Similarly, exercise may help
to shift attention away from rumination because of its
attentional demands and mood effects,5 whereas the
use of exercise as a self-management tool could in-
crease self-efficacy and thereby reduce helplessness.
Finally, because of evidence of a bidirectional relation-
ship between pain intensity and PC,102 the modulation
of descending inhibitory control mechanisms associ-
ated with paced exercise94 may indirectly reduce PC via
pain reduction. These effects could occur in addition to
the positive effects of traditional CBT components.
However, another possibility on the basis of patient-
treatment matching models,35 is that these broader
spectrum multimodal treatments have a greater chance
of matching at least 1 treatment component to a
patient strength or deficit.

Unfortunately, the evidence for multimodal treat-
ments in this review is marred by a high level of
heterogeneity in effect sizes. This was largely because of
the influence of much larger effect sizes for studies
coming from a single research group.83-86 It is difficult to
account for these differences in terms of treatment
content or other factors and, although there is no meth-
odological reason to exclude these studies, this
unexplained heterogeneity lowers confidence in the
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pooled effect estimate. Indeed, heterogeneity was a sig-
nificant problem for other interventions and was the most
common reason for evidence quality to be downgraded.
This likely relates to the lack of consistency among in-
terventions, although the absence of detailed
manualization of many treatments included in this review
makes it difficult to compare intervention content.

It was possible to reduce heterogeneity by including
moderator variables. This highlights our third aim, which
was to document moderators of PC treatment effect.
Where meta-regression was possible, the most consis-
tent moderators were baseline PC and whether PC was
a primary outcome. Indeed, in the subgroup analyses of
only studies targeting high PC, effect sizes were signifi-
cantly higher and heterogeneity lower. For example, CBT
versus active control at post-test increased from
SMD = −.47 to SMD = −.84 and CBT was the only effec-
tive treatment in the active control group analyses.
However, this probably reflects the lack of targeted studies
using other interventions, pointing to the need for more
research using other interventions with targeted samples.

In general, it is likely that effect estimates from meta-
analyses that included all 79 eligible studies were diluted
by the lower baseline PC scores in many samples, again
suggesting more targeted studies using high-risk cohorts
are needed. Further research is also needed to explore
whether people with moderate levels of PC still benefit
from a reduction in PC, or whether others benefit from
resilience-oriented early interventions that prevent future
clinical catastrophizing.

Improving the efficacy and efficiency of our PC treat-
ments may require re-examining the construct and, to
echo several commentators,36,87 clarifying psychological
treatment mechanisms as well as developing algo-
rithms for how to match treatment components to patient
profiles. The limit, activate, enhance model of psycho-
social pain management moderation provides one useful
framework for operationalizing this.35 It suggests treat-
ments need to be tailored to: 1) limit a person’s
maladaptive coping responses, 2) activate or increase their
healthy behaviors, and 3) enhance outcomes by opti-
mizing existing strengths.

Catastrophizing is usually seen as something to limit
within this model35; however, it is possible that sub-
groups of people with elevated PC may also exist,
requiring differentially targeted interventions. For
example, cognitive restructuring in CBT may act as a “limit-
oriented” therapy to help someone high on the
magnification subscale of the PCS who also lacks a clear
understanding of their pain. In addition, pain neuro-

physiology education, for example, using the explain pain
syllabus,24 may serve as an “activate-oriented” therapy
to generate coping statements (eg, “motion is lotion”)
that in turn facilitate other adaptive behaviors like paced
exercise. Conversely, someone whose catastrophizing is
characterized mainly by rumination may respond well to
a third-wave intervention like ACT or mindfulness medi-
tation, which focuses on interrupting preservative thinking
(ie, limit-oriented therapy), particularly if they exhib-
ited a strength such as previous meditation experience.

Although future research is needed to explore this, one
implication for clinicians is that there is currently no single
gold standard for treating catastrophizing. This review
shows that a range of approaches work to some extent
and it seems likely that matching treatment compo-
nents to specific phenotypes of patient strengths and
deficits is the best way to optimize outcomes. Different
strength/deficit profiles may also constitute specific
catastrophizing phenotypes that might be documented
through further research. As others have noted,34 re-
search is needed to explore ways of increasing the efficacy
of treatments by matching their content to particular di-
mensions of PC rather than the construct as a whole.

Conclusions
A large body of evidence shows PC is a modifiable char-

acteristic. Several interventions show efficacy; however,
ignoring the poorer-quality evidence, 3 treatments stand
out: CBT, multimodal treatment, and ACT. Effect sizes were
generally modest and in many cases may not be clini-
cally meaningful. Treatments are most likely to produce
clinically significant benefits when they are targeted to
people with high levels of catastrophizing and CBT has
the best evidence in these cohorts. Future research should
focus on testing theory-driven interventions for PC in tar-
geted samples of people with elevated catastrophizing
while matching treatment components to specific patient
characteristics.
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