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Abstract

Objective. This review investigated the effectiveness of clinical interventions on depressive symptoms in people with
all types of chronic pain. Methods. We searched seven electronic databases and reference lists on September 15,
2020, and included English-language, systematic reviews and meta-analyses of trials that examined the effects of
clinical interventions on depressive outcomes in chronic pain. Two independent reviewers screened, extracted, and
assessed the risk of bias. PROSPERO registration: CRD42019131871. Results. Eighty-three reviews were selected and
included 182 meta-analyses. Data were summarized visually and narratively using standardized mean differences
with 95% confidence intervals as the primary outcome of interest. A large proportion of meta-analyses investigated
fibromyalgia or mixed chronic pain, and psychological interventions were most commonly evaluated. Acceptance
and commitment therapy for general chronic pain, and fluoxetine and web-based psychotherapy for fibromyalgia
showed the most robust effects and can be prioritized for implementation in clinical practice. Exercise for arthritis,
pharmacotherapy for neuropathic pain, self-regulatory psychotherapy for axial pain, and music therapy for general
chronic pain showed large, significant effects, but estimates were derived from low- or critically low-quality reviews.
Conclusions. No single intervention type demonstrated substantial superiority across multiple pain populations.
Other dimensions beyond efficacy, such as accessibility, safety, cost, patient preference, and efficacy for non-
depressive outcomes should also be weighed when considering treatment options. Further effectiveness research is
required for common pain types such as arthritis and axial pain, and common interventions such as opioids, anti-
inflammatories and acupuncture.
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Introduction

Chronic pain (CP) is a common and disabling group of  rates ranging from 18% to 85% in various care settings

health conditions defined as pain that persists or recurs
for longer than 3 months [1]. CP affects approximately
20% of North American adults [2, 3]. Mental illness
comorbidities like major depressive disorder (MDD) are
disproportionately prevalent in people with CP, with

[128]. This stands in stark contrast to the much lower
12-month prevalence for MDD in the general US popula-
tion of 8-10% [3, 6]. In many cases, the comorbid preva-
lence of CP and MDD may also be underestimated and

complicated by the common and overlapping
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symptomatology between these two conditions [7] as
well as from effects of treatments such as medications.

CP and MDD are known to exacerbate one another.
CP increases the frequency and duration of depressive
episodes [8]. Likewise, MDD contributes to significantly
lower mental and physical quality of life in people with
CP [9, 10] and may also intensify and reduce capacity to
tolerate pain in pain populations [11, 12]. Overall, peo-
ple living with the comorbidity report poorer well-being
and functionality compared to those living with CP alone
[9, 13]. Recent studies have also found that the develop-
ment of chronic pain and depression are associated with
changes in neuroplasticity in overlapping regions of the
brain [14]. The cyclical and interactive nature of this co-
morbidity presents unique challenges that may not be
sufficiently accounted for in clinical guidance for treat-
ment of MDD alone. Meta-analyses for MDD treatments
outside of the CP population may over- or underestimate
treatment effects within the CP population. For example,
psychotherapies and antidepressant medications could
have synergistic effects on both MDD and CP, and thus
greater overall effectiveness for people living with this co-
morbidity compared to those living with MDD alone.
However, we also know that the effects of medications
on mood can be hampered by severe and prolonged pain
[4]. Furthermore, treating chronic pain is already compli-
cated by analgesic polypharmacy [15-17], but the addi-
tion of antidepressants and anxiolytics can further
complicate treatment by reducing the analgesic efficacy
of opioids [18] and increasing the overall burden of ad-
verse effects [19, 20].

Given the high coprevalence, significant effects on
overall quality of life, and challenges extrapolating evi-
dence for MDD treatment in the general population to
people living with pain, there is an evident need to syn-
thesize the effects of commonly used CP interventions on
depressive symptoms. This need for synthesis is further
highlighted by the scant available guidance in clinical
practice guidelines—one national guideline cited only a
single randomized controlled trial for its single recom-
mendation for MDD management in CP [21].

In the last decade, there have been more primary stud-
ies of interventions for improving depression in CP (e.g.,
[22]), and there has been a corresponding proliferation of
systematic reviews examining psychological, physical
and pharmacological interventions for CP [23-25], many
of which report depressive symptom outcomes.
However, there have been no reviews focused on captur-
ing the effects of all clinical interventions on depressive
symptoms among patients with all types of CP. The ma-
jority of existing reviews have focused on specific inter-
ventions (e.g., psychological therapies) [26, 27] or
specific types of CP (e.g., low-back pain) [28, 29].
Investigating the effects across all interventions and CP
types will allow for comparisons across groups and allow
for the identification of areas of under- and
overinvestigation.

To better understand how existing interventions com-
monly used for people with CP may beneficially or nega-
tively affect depressive symptoms, we conducted a
systematic review of systematic reviews synthesizing any
intervention in any type of CP that included a meta-
analysis of depressive symptom outcomes. We developed
a protocol guided by the Joanna Briggs Institute (JBI) rec-
ommendations [30] (PROSPERO registration:
CRD42019131871).

Our primary research questions were: 1) What clinical
interventions demonstrate an effect on depressive symp-
toms in CP? 2) What are the effects of clinical interven-
tions for depressive symptoms in CP and how do effects
vary across interventions and pain types ?

Methods

Data Sources and Search Strategy

We searched MEDLINE, EMBASE, PsycINFO,
CINAHL, AMED, the Cochrane Database of Systematic
Reviews and the JBI Database of Systematic Reviews and
Implementation Reports from inception to March 14,
2019, with an update September 15, 2020. Findings from
a small subset of reviews focused specifically on mind-
body interventions and based only on the initial search
from March 2019 have been reported elsewhere [31].

We initially developed the search strategy for
MEDLINE and included a combination of controlled vo-
cabulary and keywords for the concepts of “chronic
pain” and “depression,” then limited to a validated
“systematic review” filter [32]. The search was validated
against relevant studies previously identified for inclu-
sion, peer-reviewed as per PRESS guidelines [33], and
adapted for the remaining databases (See Supplemental
File 1 for MEDLINE Search Strategy). We identified ad-
ditional records through hand-searching references of ten
overviews of systematic reviews [26-29, 34-39] and in-
cluded reviews.

Study Selection

Population

We included systematic reviews that examined adults
with CP, defined as pain of any etiology, involving any
body part lasting >3 months [41] (and present >15 days
per month for chronic persistent headache [40]. We only
included diseases with pain as a primary and necessary
symptom (e.g., arthritis, but not chronic fatigue). We ex-
cluded pediatric populations (>50% of sample size
<18 years of age) and cancer or end-of-life pain [42].
Formal MDD diagnosis was not an inclusion criterion.

Intervention and Comparator

We included reviews of any kind of clinical intervention
intended to address CP or a related aspect of CP.
Interventions did not need to be explicitly developed for
improving pain or depression in CP populations. No
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limitations were used for comparator type (e.g., placebo,
usual care, active). We excluded reviews of nonclinical
interventions such as public health interventions.

Outcomes

We only included studies that reported quantitative syn-
theses of depressive symptoms using validated scales.
Although there is no accepted list of validated scales for
depressive symptoms in CP, expected scales included, but
were not limited to, the Beck Depression Inventory, and
the Hamilton Depression Rating, Montgomery-Asberg
Depression Rating, and Centre for Epidemiological
Studies Depression scales. Reviews lacking depression-
specific outcomes (e.g., mental health, “mood”) were ex-
cluded, as were reviews that only reported surrogate
(e.g., physiological) outcomes. Other outcomes such as
pain or function were not evaluated in this systematic
review.

Study Design

We included completed, published reviews that synthe-
sized efficacy or effectiveness studies using experimental
designs and included a meta-analysis of depression out-
comes across multiple studies. We excluded non-
intervention reviews or reviews that only included a nar-
rative synthesis. Only the most up-to-date reviews of du-
plicate publications were included.

We did not set limits in terms of outcome timeframe,
context, or setting of reviews or their synthesized primary
studies. We only included records published in English.

After removing duplicates, we calibrated screening us-
ing a random set of 50 records, which were screened in-
dependently by all the screeners (A.S., K.L., D.C., C.C.,
O.P., and D.R.). All calibration screening discrepancies
were discussed until consensus on screening decisions
were reached. We then conducted title and abstract
screening and full-text review independently and in du-
plicate (A.S., K.L., D.C., C.C., O.P., and D.R.) and con-
flicts were resolved by consensus or by a third author.
We contacted systematic review authors to clarify record
details as needed.

Data Extraction and Quality Appraisal

We collected the following data: review details (citation,
objectives, type of review, funding source, lead author
country), target population (CP type, age, gender), num-
ber of included participants (total, intervention and con-
trol), intervention and comparator, primary study types,
settings and contexts, search dates, nondepression out-
comes reported, instrument for primary study quality,
details of primary studies in depression syntheses (num-
ber, study type, depression symptom outcome scale, out-
come timeframe, full study citation), depression synthesis
outcome (effect size, confidence interval, measure of het-
erogeneity, P values of overall effect), methods of synthe-
sis, and any additional comments. Qutcome timeframe

was categorized as short (immediately post-treatment),
medium (<1 year post-treatment), or long (>1 year post-
treatment).

Prior to data extraction, two authors (D.C., A.S.) in-
dependently piloted a data extraction form on two
reviews. We extracted data using the finalized form inde-
pendently and in duplicate (A.S., K.L., D.C., C.C., O.P.,
G.M., D.R.). Inconsistencies and conflicts were resolved
through consensus or by a third reviewer. We contacted
authors for important missing information.

We used the AMSTAR 2 quality appraisal tool to as-
sess the risk of bias of included reviews. This 16-item
checklist is widely used, comprehensive, has clear guid-
ance on appropriate use, and is designed specifically for
systematic reviews of healthcare interventions [43]. We
completed the checklist [44] independently and in dupli-
cate (A.S.,K.L., D.C., C.C., O.P., and D.R.). Conflicts in
scoring were resolved by consensus between raters or by
a third rater. As recommended by developers, we
reported an overall confidence in the review results as
high, moderate, low, or critically low, determined by the
matrix of responses. Ratings were not used as an inclu-
sion criterion.

Data Synthesis and Analysis

Our principal summary measure was the synthesized ef-
fect size and 95% confidence interval (CI) for the depres-
sion outcome, which we described using Cohen’s Effect
Size (<0.2=trivial, 0.2 to 0.49=small, 0.5 to
0.79 = medium, >0.8 =large) [45]. Negative effect sizes
indicated a reduction in depressive symptoms in response
to the intervention evaluated, whereas positive effect
sizes indicated either a worsening of depressive symp-
toms or that the comparator was more effective in reduc-
ing depressive symptoms. Some reviews reported positive
effect size as improvement in depressive symptoms, and
so such effects were converted to negative effects to align
with the majority of reviews. We described, compared
and contrasted results using visual and narrative
approaches [30]. Data across studies were compared in
terms of review quality, CP types, interventions, compa-
rators, outcome timeframes, and the included underlying
primary studies. Narrative results focused on moderate-
and high-quality reviews (see Supplementary Data for
study-by-study findings).

In order to visualize the breadth of the included litera-
ture and relationships between the included reviews and
the primary studies they synthesized for depression out-
comes, we created a network visualization using Gephi
(software version 0.9.2) and Adobe Illustrator. We dis-
played each included systematic review and the primary
trials they synthesized. Nodes (circles) represented
reviews in grey and primary trials in blue and green, and
the inclusion of trials in syntheses was represented by
edges (connecting lines). Trial node size and color reflect
the number of times it was synthesized in reviews (blue =
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synthesized in one review; green = synthesized in two or
more reviews; size = number of times synthesized). The
size of review nodes reflected the number of trials that it
synthesized. Reviews are considered as “overlapping”
when they synthesize the same trial(s), which is visualized
by edges connecting to the same trial node(s). We estab-
lished pain type groups based on included populations
reported in the reviews. Intervention types were also
grouped based on descriptions reported in the reviews. In
cases where reviews did not clearly define the interven-
tion, we considered the described intervention compo-
nents as well as the review’s network connection with
other reviews that more clearly defined interventions.

Results

Search Results

Our search yielded 8,435 unique records, which were
screened by title and abstract, leaving 496 for full-text re-
view. Initially, 106 records were included. During data
extraction, two updated reviews were identified: one
replaced a review that was initially included; the other
was added in addition to the original review, as different
syntheses were conducted. In total, we excluded 25 stud-
ies during data extraction, leaving 83 included reviews
(Figure 1). Full-text- and data extraction-level exclusion
reasons are included in Supplementary Data.

Included reviews were published from August 1987 to
December 2020 and synthesized depression outcomes
from 459 unique primary studies published from January
1981 to November 2018 (Table 1). Reviews were most
commonly conducted by researchers in Germany (24 %,
n=20) and the United Kingdom (18%, n=15). Thirty-
five (42%) reviews were conducted by six distinct groups
of authors. Thirty-five (42%) reviews included depressive
symptoms as a primary outcome.

A total of 182 meta-analyses
Fibromyalgia (31%, n=256), and mixed or unspecified
chronic pain (30%, n=23535), inactive comparators (29 %,
n=2353), and short outcome timeframes (36%, n=265),
were most common. Sample sizes ranged from 24 to
6,478 participants (mean =646) as reported in 81%
(n=147) of the meta-analyses. Forty-two percent of
meta-analyses (n=77) were extracted from reviews
funded by the government, 3% (n=35) were funded by
industry, and 27% (n=49) did not report funding
details.

were extracted.

Quality Appraisal

Reviews were rated high- (12%, n=10), moderate-
(16%, n=13), low- (24%, n=20), and critically low
quality (48%, n =40). The most common critical quality
issues were: no list of reasons for excluded full-text
articles (Question 7 [Q7]; 54%, n=45); no investigation
of causes of heterogeneity (Q11; 28%, n=23); and no
investigation of publication bias or discussion of its

impacts (Q15; 28%, n=23). The most common non-
critical quality issues included: no explanation of in-
cluded study designs (Q3; 92%, n=76); no description
of included study funding details (Q10; 83%, n=69);
and no account for risk of bias in when interpreting/dis-
cussing results (Q12; 35%, n=29).

Pain and Intervention Types

We identified eight pain types. Since some reviews aggre-

gated types of pain differently in their meta-analyses,

some of these pain types overlap:

1. Arthritis (osteoarthritis, rheumatoid arthritis, and ankylos-
ing spondylitis)

2. Axial (chronic low back and neck pain)

3. Fibromyalgia

4. Chronic headache

5. Musculoskeletal (when conditions like osteoarthritis and fi-
bromyalgia were studied together and could not be
disaggregated)

6. Neuropathic
7. Orofacial (primarily temporomandibular joint disorder)
8. Mixed or unspecified

We identified 13 types of interventions (Table 2).

Network Visualization

Across the 83 reviews, fibromyalgia (35%, n=29),
mixed CP (28%, n=23), and arthritis (16%, n=13)
were the most common pain types evaluated, and psy-
chological (45%, n=37), pharmacological (18%,
n=15), and mind-body (15%, n=12) were the most
common intervention types (Figure 2). See
Supplementary Data for detailed Network Visualization;
Captions include instructions to view.

The network visualization provides a representation
of the current landscape surrounding interventions for
depression in people with chronic pain. Many included
reviews synthesized the same primary articles and this
overlap created multiple networks of connected reviews.
Within these networks, distinct subgroups formed based
on both pain type and intervention type.

Main Network (Psychological)

The largest network included 37 (45%) reviews of psy-
chological interventions with a variety of subtypes
(Table 2). One high-quality review [77] comparing ACT
in mixed chronic pain against inactive comparators over
medium outcome timeframes reported the largest signifi-
cant point estimate (SMD —0.71 [95% CI —1.09 to
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through database search
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1461 CINAHL

- 323 Cochrane
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- 3072 MEDLINE

967 PsychINFO /

Identification
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references of overviews)
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[ 8435 records after duplicates removed ]
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496 full-text
records
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106 reviews
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reviews
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\ 4

83 total reviews
included

Figure 1. PRISMA flow diagram.

—0.33]); three RCTs; 109 participants. One synthesis of
four RCTs with 437 participants from a moderate-
quality review [51] reported a significant medium effect
of reducing depressive symptoms for web-based
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390 studies excluded:
109 No depression outcome
71 No quantitative synthesis of depression outcome
65 Not the primary or most up to date record
61 Not a persistent chronic pain population
42 Not a systematic review of experimental studies
20 Not in English
15 Duplicate
7 No full text available

25 studies excluded during data extraction:

10 No depression outcome synthesis

4 Not validated depression outcome measures

3 No assessment of risk of bias

2 No quantitative results

1 No depression outcome (mood outcome includes
contamination from anxiety scales)

1 Synthesis included mostly non-pain diseases

1 Does not report enough information to separate
out depression synthesis

1 Inappropriate methods of synthesis

1 Replaced by updated review

1 Duplicate

_______________________________________

psychotherapy in fibromyalgia with mixed comparators
across all timeframes (SMD —0.51 [95% CI —0.87 to
—0.15]). This was larger than for in-person CBT where
the only meta-analysis from a high-quality review [50]
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Table 2. Intervention types, descriptions, and corresponding reviews

Intervention Type

Description

Corresponding Reviews

Psychological

Acceptance and commitment therapy
(ACT)*

Behavioral therapy*

Cognitive behavioral therapy (CBT)*

Educational

Multidisciplinary

Self-regulatory

Web-based

Mixed or unspecified

Pharmacological

Mind-body

Meditation

Mindful movement

Due to the large number and heterogeneity of
psychological interventions, this group was
further divided into eight subgroups, based
on intervention components and methods of
delivery that were investigated and synthe-
sized by reviews

Psychological therapies with acceptance and
commitment therapy components. Some
reviews also included acceptance-based and
mindfulness-based interventions in syntheses
with traditional ACT.

Psychotherapies explicitly described as
“behavioral therapy”; largely syntheses that
included a mix of therapies focused on be-
havioral change. Some reviews included op-
erant therapy, respondent therapy, cognitive
behavioral therapy, and biofeedback in their
definition.

Psychotherapies explicitly described as
“cognitive behavioral therapy,” or focused
on changing cognitive activity to achieve
other psychological changes.

Interventions explicitly described as education
programs; formal structured instructions
largely on managing chronic pain symptoms.
Some programs also included exercise, bio-
feedback, or psychosocial components in
syntheses.

Programs that involved psychotherapy com-
bined with components from other interven-
tion groups (education, exercise, physical
therapy, self-management).

This group was highly varied within syntheses
as well as across reviews. All interventions
included at least 2 components, one of which
was educational or psychological in nature.

Interventions where patients learn to self-regu-
late physiological processes—most often
through biofeedback.

Psychologically-based programs or therapies
delivered using non-face-to-face methods (via
telephone, mobile device or computer), indi-
vidually, in groups, or asynchronous self-
guided programming.

Multiple types of psychotherapies synthesized
together or did not specify type of
psychotherapy.

Prescription medications, not including herbal
supplements. Included primarily SSRIs,
SNRIs, TCAs, and gabapentinoids.

Interventions focused on the relationships
among the brain, mind, body, and behavior,
and their effect on health and disease. This
group was further divided into two
subgroups:

Structured intervention focused on relaxation,
consciousness, attention, and/or the body.

Mind-body practice that involves exercise or
movements with focused attention on breathing
and movement of the body (e.g. yoga, tai chi).

Bernardy 2017, Haugmark 2019, Hughes
2017, Vowles 2020

Henschke 2010, Morley 1999, Williams 2012

Aggarwal 2019, Bernardy 2017, Dixon 2007,
Hoffman 2007, Khoo 2019, Morley 1999.
Shen 2020, Williams 2012

Bernardy 2017, Foster 2007, Mullen 1987,
Riemsma 2003, Smith 2013

Berdal 2015, Bujak 2019, Carnes 2012,
Henschke 2010, Hoffman 2007, Kamper
2014, Rold4n-Barraza 2014, Silva Guerrero
2018

Glombiewski 2013, Hoffman 2007, Morley
1999, Sielski 2017

Bernardy 2019, Buhrman 2016, Eccleston
2014, Martorella 2017, Mehta 2019,
Moman 2019, White 2020

Aggarwal 2019, Bernardy 2017, Glombiewski
2010, Henschke 2010, Jandaghi 2019,
Knittle 2010, Morley 1999, Niknejad 2018,
Tang 2015, Zhang 2018
Caruso 2019, Davari 2020, Hauser 2009b,
Hauser 2009¢, Hauser 2010b, Mehta 2014,
Onakpoya 2019, Ugeyler 2013, Urquhart
2008, Walitt 2015, Walitt 2016, Wang
2017, Welsch 2018a, Welsch 2018b, Yu
2019

Ball 2017, Bawa 2015, Courtois 2015, Hilton
2017, Khoo 2019, Lauche 2013b, Veehof
2016
Langhorst 2013, Lauche 2013a, Lauche 2019,
Li 2019, Wieland 2017

(continued)
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Intervention Type

Description

Corresponding Reviews

Exercise

Brain stimulation
Massage therapy

Water therapy

Music therapy

Injections
Complementary alternative medicine (CAM)

Combined CAM and pharmacological

Cannabinoids
Acupuncture

Programs that primarily included aerobic exer-
cise, flexibility, stretching, endurance, and/or
strength training.

Noninvasive brain stimulation interventions.

Massage therapy that involved manipulation of
the soft tissues in a systematic way—did not
include Reiki or other manual therapy such
as chiropractic, or spinal manipulation.

Therapies involving immersion in plain, min-
eral, or thermal water, sometimes with exer-
cise components.

Listening to music, sounds, or rhythms, melo-
dies, or chords. Included self- or instructor-
chosen recorded music, group music, and
group music and guided imagery.

Local anesthetic trigger point injections.

Herbal supplements, homeopathy, and eastern
medicine.

One review synthesized trials investigating
pharmacological interventions and herbal
supplements together.

Cannabis extracts and synthetic cannabinoids.

A therapeutic method of traditional Chinese
medicine using needles to stimulate specific
body points.

Hauser 2009a, Hauser 2010a, Hurley 2018,
Kelley 2015, Liang 2015, Sosa-Reina 2017

Hou 2016, Knijnik 2016, Yu 2020
Li 2014, Yuan 2015

Naumann 2014

Garza-Villarreal 2017, Wang 2020

Nouged 2020
Boehm 2014, Cao 2010

Fiest 2017

Stockings 2018
Yan 2020

*Interventions not investigated by entire reviews, but separated out in distinct meta-analyses within reviews, and cannot be displayed in the network visualiza-

tion (Figure 2).

ACT = acceptance and commitment therapy; CAM = complementary alternative medicine; CBT = cognitive behavioral therapy; SSRIs = selective serotonin

reuptake inhibitors; SNRIs = selective norepinephrine reuptake inhibitors; TCAs = tricyclic antidepressants.

including 1,181 participants across 18 RCTs reported a
small effect (SMD —0.34 [95% CI —0.48 to —0.21]) over
a short timeframe against mixed comparators (mostly for
fibromyalgia). The remaining meta-analyses showed
small to trivial effects or were of low- to critically low
quality (Supplementary Data).

Main Network (Mind-Body, Exercise, Massage
and Water Therapy)

The reviews of mind-body interventions examined effects
in fibromyalgia and mixed chronic pain, while three uncon-
nected reviews evaluated arthritis and axial pain. The larg-
est significant effect of reducing depressive symptoms was
from a moderate quality review [82] of meditation with
mixed comparators synthesizing six RCTs with 658 partici-
pants (SMD —0.49 [95% CI —1.89 to —0.1]). Overall,
mindful movement demonstrated small to medium effects
with larger effects in axial pain than in fibromyalgia and
also generally larger effects than meditation [31].

The exercise network only included reviews specific to
fibromyalgia, arthritis, and musculoskeletal pain. The single
meta-analysis of nine RCTs with 876 participants from a
high-quality review [78] reported a small significant effect
for exercise-based rehabilitation for arthritis (SMD —0.16
[95% CI —0.29 to —0.02]). The single meta-analysis of 29
RCTs with 2,449 participants from a moderate-quality

review of musculoskeletal pain [81] reported a small but
significant effect for mixed exercise interventions against
mixed comparators over medium/long timeframes (SMD
—0.42 [95% CI —0.58 to —0.26]).

Two low- and critically low-quality reviews [89, 124]
investigated massage therapy in fibromyalgia. A
moderate-quality review [98] investigated water-based
interventions (balneotherapy and hydrotherapy) in fibro-
myalgia. The only meta-analysis here with a significant
point estimate showed small effects on depressive symp-
toms for balneotherapy against inactive comparators at
mixed medium/long outcome timeframes and included
2035 participants from three RCTs (SMD —0.31 [95% CI
~0.59 to —0.03]).

Pharmacological Network

There was no overlap between the main and pharmaco-
logical networks, meaning primary articles that were syn-
thesized in the main network were not synthesized by
any reviews in the pharmacological network and vice
versa. The 16 reviews investigating pharmacotherapy
showed a quality dichotomy: 53% were critically low,
and 33% were high-quality. This network included the
only three reviews reporting industry funding [70, 72,
110]. All pharmacological meta-analyses included only

inactive comparators. Meta-analyses examined the


https://academic.oup.com/painmedicine/article-lookup/doi/10.1093/pm/pnab248#supplementary-data
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Figure 2. Network visualization of reviews and synthesized primary articles. CAM = complementary alternative medicine; BRAIN
STIM = brain stimulation; EDU = education-based treatment; MDC = multidisciplinary care; PHARM= pharmacological therapy;
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lective serotonin reuptake inhibitors; WATER = water-based the

following medications (number of meta-analyses): anti-
depressants, including selective serotonin reuptake inhib-
itors (SSRIs; 3), selective
reuptake inhibitors (SNRIs; 9), tricyclic antidepressants
(1), and mirtazapine (1); gabapentinoids (8), and quetia-
pine (1).

The three meta-analyses from high-quality reviews
with the largest significant point estimates in reducing
depressive symptoms evaluated fluoxetine (SMD —0.55
[95% CI —0.93 to —0.18]; three RCTs; 116 partici-
pants) [114], all SSRIs (SMD —0.39 [95% CI —0.65 to
—0.14]; six RCTs; 244 participants) [114], and quetia-
pine (SMD —0.39 [95% CI —0.74 to —0.04]; three
RCTs; 206 participants) [113] in fibromyalgia at short

serotonin-norepinephrine

SNRIs = selective-norepinephrine reuptake inhibitors; SSRIs = se-
rapy.

timeframes. Gabapentinoids demonstrated larger effects
in patients with neuropathic pain than in those with fi-
bromyalgia, although the two meta-analyses from high-
quality reviews demonstrated trivial effects in both
[100, 110]. All SSRI syntheses were conducted in fibro-
myalgia and had small to medium significant effect
sizes. The SNRI syntheses demonstrated small to trivial
significant effects.

Other Non-Networked Intervention Types

A variety of systematic reviews investigated brain stimu-
lation [76, 83, 123], music [64, 116], complementary
and alternative medicine (CAM; [52, 55, 62]), acupunc-
ture [121], cannabis [108] and interventional therapy
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[99]. The majority of these reviews were either of low- or
critically low quality. One moderate-quality review [123]
investigated the effects of brain stimulation in people
with neuropathic pain and showed small to medium,
nonsignificant effects on reducing depressive symptoms.
The other moderate-quality review investigated the
effects of herbal Chinese medicines combined with phar-
macological interventions in people with arthritis [62]
and reported small, non-significant effects.

Distribution of Effects by Pain Type

Fibromyalgia

The majority of fibromyalgia meta-analyses investigated
the effects of pharmacological (26 %), mind-body (18%),
and mixed psychological (9%) interventions (Figure 3;
Supplementary Data for detailed figure and plot of
Effect Size by Intervention Type and Quality). This was
the only pain type that included meta-analyses of mas-
sage therapy, water therapies and CAM. Among the
high- and moderate-quality reviews, the meta-analyses
with the largest significant point estimates showed me-
dium effects of reducing depressive symptoms for fluoxe-
tine (SMD, —0.55 [95% CI —0.93, —0.18]; three RCTs;
116 participants) [114], and web-based psychological
therapies (SMD —0.51 [95% CI —0.87 to —0.15]; five
RCTs; 437 participants) [51]. Meta-analyses specifically
for gabapentinoids and milnacipran showed trivial
effects.

Mixed or Unspecified Chronic Pain

The large majority of mixed CP meta-analyses investi-
gated the effects of psychological interventions, including
ACT (20%), web-based psychotherapies (18%), and
mixed psychological (16%). Mind-body and cognitive
behavioral interventions were also prominently repre-
sented (13%, each). Among moderate- and high-quality
reviews, ACT was the most effective therapy (SMD
—0.71 [95% CI —1.09 to —0.33]; three RCTs; 109 par-
ticipants) [77] while mind-body (SMD —0.18 [—0.03 to
—0.34]; nine RCTs; 622 participants [111] and SMD
—0.49 [95% CI —1.89 to —0.1]; six RCTs; 658 partici-
pants [82]) and cognitive-behavioral therapies (SMD
—0.44 [95% CI —1.29 to —0.08; nine RCTs; 761 partici-
pants [82]) demonstrated small effects.

Arthritis

The majority of arthritis meta-analyses investigated psy-
choeducation (22%) and mixed psychological (17%)
interventions. Mind-body interventions, exercise, CBT,
and CAM combined with pharmacological interventions
were also represented (11%, each). The single synthesis
from a high-quality review [78] included nine RCTs with
876 participants and reported a significant but small ef-
fect (SMD —0.16 [95% CI —0.29 to —0.02]) for exercise.
The largest significant point estimates from moderate-

quality reviews were reported for psychoeducation (SMD
—0.22 [95% CI —0.34 to —0.09]; three RCTs; 1,426 par-
ticipants [63] and SMD —0.14 [95% CI —0.23 to —0.035]
18 RCTs; 1,770 participants [101]).

Axial Pain

The majority of axial pain meta-analyses synthesized the
effects of behavioral (31%), multidisciplinary (24%),
and self-regulatory (17%) psychological, as well as mind-
body (14%), interventions. No meta-analyses from high-
or moderate-quality reviews reported significant effects
on depressive symptoms in axial pain. A number of
meta-analyses (largely behavioral psychological therapy)
against active comparators (exercise, self-regulatory, and
physical interventions) had positive effect sizes, suggest-
ing that the comparators were more effective in reducing
depressive symptoms (see Supplementary Data) [73, 75,
80].

Neuropathic

The 12 neuropathic pain meta-analyses investigated the
effects of pharmacological interventions versus inactive
comparators (83%) and brain stimulation (17%). Only
one meta-analysis of four RCTs with 1,041 participants
was from a high-quality review [100] and showed a triv-
ial, nonsignificant effect for gabapentinoids (SMD —0.06
[95% CI —0.26 to 0.13]). Other syntheses of gabapenti-
noids from critically low-quality reviews found small to
large non-significant effects. Meta-analyses of antidepres-
sants from a moderate-quality review [57] found small
effects.

Musculoskeletal

There were six musculoskeletal pain meta-analyses, all
with mixed comparators, from three different systematic
reviews. The only meta-analyses from a moderate-quality
review [81] evaluated exercise across 29 RCTs with
2,449 participants and reported a significant small effect
(SMD —0.42 [95% CI —0.58 to —0.26]).

Orofacial

There were six meta-analyses of interventions studying
chronic orofacial pain from two reviews examining psy-
chological interventions, and one investigating local an-
esthetic injections. Small but significant effects were
reported for the psychological interventions versus usual
care, while the reports for injections were small and non-
significant. The only meta-analysis extracted from a
moderate-quality demonstrated that
psychologically-based multidisciplinary care over me-
dium timeframes had small effects (SMD —0.21 [95% CI
—0.41 to 0.00]; four RCTs; 510 participants [102]).

review

Headache
Two chronic headache meta-analyses were extracted
from a critically low-quality systematic review [61] and
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Effect Size by Pain Type and Quality
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Figure 3. Effect size by pain type and quality. Size = sample size; color = comparator; fill = significance. Syntheses with significant
effects from moderate- or high-quality reviews are labeled: A = Hughes 2017 (ACT); B = Walitt 2015 (Fluoxetine); C = Bernardy
2019 (Web-based). Two syntheses of very large effect from a critically low quality review of chronic pain (Jandaghi 2019) were ex-
cluded from the plot. Crit L = critically low; Mod = moderate; SMD = standardized mean difference.

both investigated the effects of web-based psychological
interventions. Neither synthesis reported significant
effects.

Discussion

Summary of Findings

ACT for general chronic pain, and fluoxetine and web-
based psychotherapy for fibromyalgia were the only
interventions for which there was at least a medium, sig-
nificant improvement in depressive symptoms as synthe-
sized in moderate- to high-quality reviews. Exercise for

arthritis, pharmacotherapy for neuropathic pain, self-
regulatory psychological therapy for axial pain, and mu-
sic therapy, ACT, and mixed psychotherapy for general
chronic pain showed large significant effects, but these
were derived from low- or critically low-quality reviews.
The distribution and magnitude of effects for depressive
symptoms are comparable to those of other important
outcomes for chronic pain conditions such as a pain se-
verity [34, 35] and anxiety [39]. There were no interven-
tions synthesized in moderate- or high-quality reviews
that demonstrated a large, significant effect for reducing
depressive symptoms in chronic pain. Only one meta-
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analysis examining long-term effects in a moderate-
quality review showed trivial effects in psychologically
focused multidisciplinary care [80]. Interventions com-
monly employed for the management of chronic pain
such as opioids, anti-inflammatories, and chiropractic
have not been meta-analyzed for their effects on depres-
sive symptoms and should be considered for future syn-
theses. Reports on acupuncture and cannabis were also
very limited.

For most pain types, the majority of syntheses showed
trivial to small effects in reducing depressive symptoms.
This trend appears to span across all quality levels and
includes both significant and non-significant effects. One
critically low-quality review from Iran [79] reported very
large and significant effects for psychotherapy in mixed
chronic pain, but suggested that cultural differences in
pain perception and variations in study methods may
have affected validity and observed magnitude of effect
sizes which were out of keeping with the remainder of
the reviews. In three reviews that investigated people
with axial pain [73, 75, 80], several syntheses of psycho-
logical interventions reported positive effect sizes, dem-
onstrating that the comparators (exercise, physiotherapy,
and self-regulatory interventions), were more effective in
reducing depressive symptoms than psychotherapy. This
is similar to the findings of another umbrella review of
interventions for neck pain which found that psychoso-
cial interventions including psychoeducation were not
beneficial across a number of outcomes [35]. In this re-
view of reviews, we found that meta-analyses with active
comparators generally showed smaller effects.

No trends were identified for reviews that included de-
pressive symptoms as a primary versus secondary out-
come. Three reviews of pharmacological interventions
were the only ones to report industry funding and all
reported trivial to small effects [70, 72, 110].

Implications of Findings

A broad range of interventions and methods of delivery
have been investigated for addressing depressive symp-
toms in people with chronic pain. However, no single in-
tervention type demonstrates substantial superiority
across different pain populations. In fibromyalgia, fluox-
etine and web-based psychotherapy show comparable
medium effect sizes, and the latter can be prioritized in
the context of physical distancing measures in response
to the COVID-19 pandemic. In mixed chronic pain, ACT
also showed medium effect sizes on depressive symp-
toms. For other pain types, this suggests that patients,
clinicians and program planners should also consider
other dimensions besides efficacy such as individual pref-
erence, intervention availability, safety, cost, and also ef-
ficacy for nondepressive outcomes when considering
treatment and policy options. Nonspecific factors that
are common across psychotherapies, such as warmth of
the therapist, therapeutic alliance, and accurate empathy

[126] may also play a role in reducing depressive symp-
toms when present in other interventions.

This also points to a need for further investigation and
synthesis of interventions for improving depressive symp-
toms in pain types other than fibromyalgia and mixed
chronic pain. This is despite the comparable prevalence
of comorbid depression across pain types [127-130].
Likewise, the prevalence of axial and arthritic pain is sig-
nificantly higher than fibromyalgia [131-133], which
strongly suggests a misalignment between population
health and clinical epidemiology priorities. This may in
part be due to biases about mental illness comorbidities
in different kinds of pain, as well as differences in stan-
dardized instruments across different pain types and the
inclusion of variable depression measures [134].

Within fibromyalgia and generalized chronic pain,
there is an opportunity for formal estimates of compara-
tive efficacy, such as through network meta-analysis, and
a need for further synthesis of depressive symptom effects
as a distinct and important outcome. Many existing
reviews either do not synthesize this outcome or subsume
depression outcomes within a catch-all mental health or
quality of life outcome, exemplified in a recent synthesis
of acupuncture [135].

Large bodies of research have investigated psychologi-
cal interventions, as well as mind-body, and pharmaco-
logical interventions. Future research should aim to study
and synthesize other intervention types including exercise
and massage therapy which show reasonable efficacy in
the few lower quality reviews completed to date. Exercise
shows beneficial effects for a variety of other non-
depression chronic pain outcomes together with few ad-
verse effects [28].

Looking outside of chronic pain, there is evidence that
the combination of psychotherapy and pharmacotherapy
can lead to large depression improvements with effects
lasting up to 2years post-treatment, suggesting that a
combination approach in chronic pain populations mer-
its further investigation [136]. As demonstrated by the
network visualization, there has so far been no overlap
between pharmacological systematic reviews and reviews
of other kinds of interventions.

Limitations

Depressive symptoms were the focus of this review of
meta-analyses since much existing literature does not spe-
cifically focus on MDD. Indeed, clinical trials across vari-
ous fields often exclude people with comorbid mental
illnesses including specifically those with more severe de-
pression [137, 138]. As such, when applying these find-
ings to people living with chronic pain and comorbid
MDD, it is important to consider that changes in depres-
sive symptoms in individuals with subthreshold sympto-
mology may differ from those with MDD. Given the very
high comorbid prevalence of MDD in chronic pain, fur-
ther study and synthesis of outcomes specifically in
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people with MDD is merited. Given identified challenges
and controversies in translating standardized mean dif-
ferences in depression outcomes to minimally important
differences [139], we have not made attempts to interpret
effect sizes in terms of clinically significant effects.

Intervention types were often not well-defined and of-
ten included overlapping components, making it chal-
lenging to aggregate meta-analyses by intervention type.
We attempted to mitigate this by aggregating interven-
tion types by review descriptions and augmenting this
categorization using visual network analysis. However,
these groupings may not perfectly distinguish between in-
tervention types. Future systematic reviews in this area
should provide detailed intervention descriptions, for ex-
ample, by using recommended reporting checklists and
guidelines [140, 141].

Pain types were grouped based on definitions provided
by included reviews, which were inconsistent and varied
in specificity. Some reviews included broader definitions
of pain types compared to others, limiting our ability to
create more distinct pain type groups in our evaluations.
This heterogeneity was noted at the level of randomized
controlled trials included in the meta-analyses, so disag-
gregation of the meta-analyses and then reaggregation
based on specific pain types would be unlikely to resolve
this challenge.

Comparator types varied across as well as within
reviews, and at other times were unreported. Generally,
as is to be expected, analyses against active comparators
showed smaller effect sizes, however, inconsistencies in
comparator reporting limit our ability to draw firm con-
clusions about treatment effects.

The AMSTAR 2 was used to appraise risk of bias, but
the overall rating does not necessarily reflect the scientific
rigor of the underlying primary evidence as AMSTAR 2
ratings are influenced by reporting practices of systematic
reviewers. Given this, AMSTAR 2 ratings need to be
taken into consideration when summarizing and inter-
preting results, but the evidence synthesized by reviews
of low- or critically low quality should not be discounted
altogether.

The scope of this review of meta-analyses did not con-
sider the effects on other pain-relevant outcomes such as
pain intensity, function or quality of life, which are also
important to investigate in relation to depression in
chronic pain [142]. However, these have been widely an-
alyzed in a variety of other systematic reviews and um-
brella reviews [143-146]. Finally, as a review of reviews,
there may be important primary trials evidence that has
not been captured in this synthesis. This would include
primary trials published after the publication of the rele-
vant review, trials that are studying unique interventions
that are not easily synthesized with results of other trials,
or trials that have otherwise not been captured by exist-
ing systematic reviews. For this and other reasons, it is
important to note that an absence of evidence for a

specific intervention does not imply an absence of
effectiveness.

Conclusion

A wide variety of interventions have been meta-analyzed
for effects on depressive symptoms on different kinds of
chronic pain. The most common pain types were fibro-
myalgia and mixed chronic pain, and psychological inter-
ventions were most often examined. Acceptance
commitment therapy, fluoxetine and web-based psycho-
therapy were the most promising interventions and can
be currently prioritized for implementation in clinical
practice. The majority of interventions showed small to
trivial effects, and the only negative effects were demon-
strated when interventions were compared against active
controls. Effects on depressive symptoms so far have
been under-synthesized in common pain interventions
such as opioids and acupuncture. There is also a need for
more assessment and synthesis of depression outcomes in
common pain conditions such as arthritis and axial pain.
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