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INTRODUCTION
Poor sleep is a potential cause of ill-health. Self-reported 

short and long habitual sleep duration, difficulties initiating or 
maintaining sleep, non-restorative sleep, and the use of hyp-
notic drugs are significant predictors of obesity, diabetes, wide-
spread pain, stroke, coronary heart disease (CHD), and even 
mortality.1–6 Insomnia also increases the risk of subsequent 
onset of depression, anxiety disorders and substance misuse 
in otherwise healthy individuals.7–10 These findings, assuming 
they reflect causality, highlight sleep as a plausible therapeutic 
target for preventing a range of long-term conditions.

Insomnia is a major problem to many people living with 
chronic pain that lasts longer than 3–6 months.11 Chronic pain 
has been ranked the top cause of quality-adjusted life-year loss 
in primary care, ahead of recognized sources of burden of dis-
ease such as depression, anxiety disorders, diabetes, respiratory 
conditions, high blood pressure and CHD.12 It is estimated that 
50% to 90% of chronic pain patients report insomnia of a severity 
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that warrants clinical attention.13–16 In experimental studies, the 
introduction of sleep disruption can trigger pro-inflammatory 
responses, reduce endogenous pain inhibitory control, amplify 
pain experience, lower pain tolerance, and increase somatic 
symptoms.17–20 These findings are in line with the idea of a recip-
rocal, rather than unidirectional, relationship between sleep and 
pain.21–25 Recently, there has been a surge of interest in applying 
established nonpharmacological sleep interventions to treat 
chronic pain patients with comorbid insomnia. At odds with the 
hypothesized reciprocal relationship, results have been inconsis-
tent. While some studies observed no change in pain post-inter-
vention,26–29 others found a significant reduction in pain intensity 
after sleep improvement.30–32 It remains unclear whether better 
sleep could lead to less pain and better health and well-being.

The current meta-analysis aimed to evaluate the efficacy of 
nonpharmacological sleep interventions for people with long-
term cancer and non-cancer painful conditions. We were inter-
ested in the effect of these interventions on sleep and their broader 
impact on health and well-being as indicated by pain, fatigue, 
depression, anxiety, physical and psychosocial functioning. We 
restricted our evaluation to nonpharmacological sleep interven-
tions only, because pharmacological sleep interventions were 
not recommended for the protracted type of insomnia experi-
enced by patients with chronic pain.33 Based on the similarities 
in presentation and underpinning mechanisms between pri-
mary and pain-related insomnia,34,35 it was hypothesized that 
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nonpharmacological sleep interventions would have a beneficial 
impact on sleep. However, the meta-analysis was exploratory 
with regards to the effect of these interventions on the aforemen-
tioned health and well-being outcomes.

METHODS

Data Sources and Searches
Our data sources were original randomized controlled trials 

(RCTs) testing the utility of nonpharmacological treatments for 

insomnia in adults with long-term painful conditions. To iden-
tify these, we performed systematic searches in 4 electronic 
databases; Cochrane CENTRAL, MEDLINE, Embase, and 
PsychINFO. The search duration was between the inception 
of each database and March 2014. No language restriction was 
applied. Abstracts/articles written in foreign languages were 
translated for review.

Search terms used (Appendix, supplemental material) were 
decided a priori by the review team after consulting published 
systematic reviews/meta-analyses36,37 and conducting a series 
of pilot searches. A methodological filter (e.g., random* in 
Trials) was used in combination with search keywords that 
reflected the treatment approach (e.g., nonpharma*, psycho-
logic*), treatment content (e.g., sleep, insomnia) and popula-
tion (e.g., chronic next pain*, cancer, musculo*, arthritis*) of 
interest. We took a transdiagnostic approach to amalgamate 
a range of malignant and non-malignant conditions presented 
with chronic pain.38 This we hoped would reflect the increasing 
application of nonpharmacological sleep interventions beyond 
primary insomnia39 and offer an opportunity to compare the ef-
fectiveness of these treatments between diagnostic subgroups.

The searches and subsequent screening were independently 
carried out by two of the authors (STL and HB). Disagree-
ments between reviewers were resolved via discussion with the 
review team. Reference lists of included studies and relevant 
review articles were hand-searched to ensure comprehensive 
coverage. Gray literature (e.g., conference abstracts and PhD 
theses) was also consulted to reduce the risk of publication bias.

Study Selection
Figure 1 depicts the searches and screening process. The 

searches yielded a total of 1,887 records. After 604 duplicates 
between databases were removed, 1,283 titles and abstracts 
were screened. In the instance of foreign language, abstracts 
were translated into English for a judgment to be made.40 Sev-
enty-two articles were selected for full-text screening, which 
was aided with a checklist developed by NKYT and MAM 
according to the inclusion criteria: original RCT; testing a 
nonpharmacological intervention; that targets sleep; in adults 
(aged 18 years); with painful health conditions (e.g., muscu-
loskeletal pain, arthritis, fibromyalgia, headache, cancer); that 
has a control group; includes an outcome measure of sleep; and 
at least one other health and well-being outcome.

A broad definition of nonpharmacological treatments for in-
somnia was adopted. These treatments might include the sole 
or combined use of components of cognitive behavior therapy 
for insomnia (CBT-I). Common components of CBT-I include 
psychoeducation, sleep hygiene, stimulus control therapy, 
sleep restriction therapy, sleep scheduling, relaxation, para-
doxical intention, imagery, and cognitive therapy.33,41 Studies 
testing the utility of physiotherapies, exercise, yoga, qigong, 
mindfulness meditation, massage, acupuncture, hormone 
therapy, and hypnosis were included if the interventions being 
evaluated were designed to address insomnia specifically. If 
multiple publications were available for the same trial, only the 
article reporting the primary analysis with the most relevant 
information to the current meta-analysis was included.32,42–44 
We did not automatically exclude non-inferiority trials from 
the meta-analysis if nonpharmacological sleep interventions 

Figure 1—Flow diagram.
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were tested as the standard treatment control against which a 
novel treatment demonstrated non-inferiority.45

Following the full-text screening, 61 studies did not meet 
criteria for inclusion and 11 studies were selected for data ex-
traction. High inter-rater agreement was noted for both the title/
abstract (κ = 0.90, P < 0.001) and the full-text screens (κ = 1.00, 
P < 0.001).

Data Extraction and Quality Assessment
Data extraction was performed in duplicate to counteract 

human errors and individual biases (HB & STL). In addition 
to extracting relevant data on sleep, health, and well-being out-
comes, information was gathered from individual studies to 
compose a study characteristics table (Table 1) which incor-
porated methodological details about the design of the trials 
(sample size, participants, number of arms), treatments tested 
(content, duration, method of delivery), outcome measures 
used, whether intention-to-treat analysis was applied, and their 
quality ratings. When data were not available in the published 
report, authors were contacted to provide information. The 
data extraction sheets were checked by the review team and 
differences between reviewers were resolved by discussion.

For the meta-analysis, means and standard deviations of rel-
evant outcome measures were extracted for the sleep treatment 
and control group at baseline, posttreatment (i.e., immediately 
on completion of the sleep/control intervention), and the final 
follow-up (due to variability in assessment timing). For studies 
that used multiple measures to assess the same outcome, the 
most prevalent measure used across the final 11 studies was 
used to maximize comparability of the findings.

We assessed the risk of bias quantitatively using the quality 
rating scale developed by Yates and colleagues46 and qualita-
tively following the Cochrane guidance.47 The quality rating 
scale was designed to assess RCTs of nonpharmacological 
treatment for the quality of the treatment and the design and 
reporting of the trials. The scale has shown face, content, and 
construct validity, and good inter-rater reliability.46 The overall 
score of the scale ranges from 0 to 35 with higher scores in-
dicating better quality. In the validation studies involving 17 
RCTs of nonpharmacological treatments for chronic pain being 
assessed by two expert reviewers, the mean total scores were 
22.70 (SD 1.95) for “excellent,” 18.71 (SD 2.25) for “average” 
and 12.10 (SD 3.17) for “poor” trials.46 Of the 5 suggested 
Cochrane “risk of bias” categories,47 we included random 
sequence generation (selection bias), allocation concealment 
(selection bias), blinding of outcome assessment (detection 
bias), incomplete outcome data (attrition bias), and selective 
reporting (reporting bias). We excluded the option of “blinding 
participants and personnel” because, during the delivery of 
most nonpharmacological treatments, neither therapists nor 
patients can be (sufficiently) blinded to the type of treatment 
they deliver or receive.

Data Synthesis and Analysis
Comparisons were made between the “sleep treatment” and 

“control” groups with reference to the change from baseline 
at posttreatment and at follow-up for each of the outcome 
measures. Changes were calculated such that a positive dif-
ference represents an improvement, a negative difference a 

deterioration. Since different measures were used to assess 
the same outcome in different studies, the change scores were 
transformed into z scores to reduce heterogeneity and enhance 
comparability using the standard formula:

z = x − x
s

where x = pretreatment − posttreatment change, x = mean 
change of all included studies, and s = pooled standard devia-
tion. Standardized mean differences (SMD) between the effect 
of treatment and control were then estimated using a random 
effect model.

For each outcome measure, data from all trials were en-
tered into a funnel plot. Asymmetry of the plot was visually 
examined to detect overt publication bias. None of the analyses 
demonstrated overt asymmetry that required follow-ups with 
Egger’s regression test. Statistical heterogeneity among the in-
cluded studies was assessed using the χ2 test and the I2 statistic, 
along with visual inspection of the forest plot. Comparisons 
with significant heterogeneity were followed up by a sensitivity 
analysis in which one study was omitted at a time to identify 
the possible source of heterogeneity; the study that resulted in 
the largest drop in heterogeneity was removed. If dropping the 
first study did not sufficiently reduce heterogeneity to a non-
significant level, a second study was then removed. Subgroup 
analyses were also carried out to examine possible sources of 
heterogeneity attributable to the study characteristics. Two ex-
ploratory subgroup analyses were defined a priori to compare 
the effect of sleep treatment between those with cancer pain and 
those with non-cancer pain patients, and between those with 
an intervention delivered face-to-face or using the phone or 
internet. The former subgroup analysis should provide insights 
into the applicability of nonpharmacological interventions for 
sleep across patients with malignant and non-malignant pain, 
while the latter should show if the effect of nonpharmacolog-
ical sleep interventions varied by treatment delivery method. 
The diverse components of the treatment packages precluded 
any subgroup analysis by type of treatment for the identifica-
tion of active treatment ingredients.

All statistical analyses were performed using RevMan 5.

RESULTS

Characteristics of the Included RCTs
A total of 11 RCTs involving 1,066 participants (female: 55% 

to 100%; mean age: 45–61 years) from 4 different countries 
(Canada = 3, Spain = 2, UK = 1, US = 5) provided data for the 
meta-analysis (Table 1).

Five of the RCTs tested the effect of nonpharmacological 
sleep treatments in patients with non-cancer chronic pain; 2 
used a mixed variety of chronic pain patients (diagnosis con-
firmed by physicians),26,28 while the other 3 involved fibromy-
algia patients meeting the American College of Rheumatology 
criteria48 only.27,29,49 Six of the RCTs tested the effect in cancer 
survivors; 2 of which comprised 100% breast cancer survi-
vors,42,50 while 4 involved survivors of different types of cancer 
(e.g., lung, lymphoma ovarian, prostate, colorectal and gyneco-
logical) in addition to a majority of breast cancer patients.45,51–53 
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Table 1—Study characteristics.
Author, Publication Year and Country of Implementation

Currie et al. (2000) Canada Edinger et al. (2005) USA Savard et al. (2005) Canada Espie et al. (2008) UK

Fi
na

l S
am

pl
e

N 60 47 57 150
Age, mean 45.0 48.6 54.05 61 
Female % 55 96 100 69
Type of pain Chronic pain: back pain (72%), 

neck pain (20%), lower limbs pain 
(5%), pelvic pain (3%)

Diagnosis confirmed by specialist 
in physical medicine

Fibromyalgia (100%)

ACR criteria; Diagnosis confirmed by 
board-certified rheumatologist

Breast cancer (100%)

Pts had completed radiotherapy 
& chemotherapy for Stage 1-III 
cancer ≥ 1 m prior to study

Cancer: breast (58%), prostate 
(23%), colorectal (16%), 
gynaecological (3%)

Pts had completed radiotherapy 
& chemotherapy ≥ 1 m with no 
further anticancer treatment 
planned

Insomnia 
diagnosis

DSM-IV DSM-III-R + sleep diary + PSG DSM-IV (> 30 min SOL/
WASO; SE < 85%; frequency 
≥ 3 npw; duration > 6 m; 
daytime impairment) + PSG

DSM-IV (> 30 min SOL/
WASO; frequency ≥ 3 npw; 
duration ≥ 3 m; daytime 
impairment) + PSQI > 5

RC
T

Number of arms Two arms: CBT-I vs. WLC Three arms: CBT-I vs. SH vs. TAU Two arms: CBT-I vs. WLC Two arms: CBT-I vs. TAU
Treatment 
components

CBT-I: Basic education regarding 
sleep and the causes of chronic 
insomnia; Sleep restriction; 
Stimulus control; Relaxation 
training; Sleep hygiene; Cognitive 
therapy.

WLC: Participants completed a 
sleep diary for 7 further weeks 
and received weekly phone calls 
(limited to 10 min) designed to 
encourage adherence.

CBT-I: Misconceptions about 
sleep needs were addressed (via 
audiocassette); Stimulus control 
instructions; Sleep restriction

SH: Participants received generic sleep 
education (via audiocassette) and 
advice on sleep hygiene (in both verbal 
and written forms).

Usual care: Ongoing medical care, plus 
weekly meeting with a study coordinator 
to submit sleep log, actigraphy data and 
completed questionnaires.

CBT-I: Stimulus control; 
Sleep restriction; Cognitive 
restructuring; Sleep hygiene; 
Fatigue and stress management.

WLC: Following an 8-week wait 
period, participants received the 
same treatment. 

CBT-I: Stimulus control; Sleep 
restriction; Cognitive therapy 
strategies.

TAU: Normal clinical practice was 
received (e.g., appointments with 
physicians, prescriptions)

Dose & Duration 7 weekly sessions (120 min) 6 weekly sessions (1st lasted 45–50 
min and subsequent ones 15–30 min).

8 weekly sessions (~90 min) 5 weekly sessions (50 min)

Delivery Medium: Face-to-face session

Format: Group (5–7 individuals)

Manual: Yes

Therapist(s): 2x Doctoral students 
or interns in clinical psychology

Medium: Face-to-face session

Format: Individual (1:1)

Manual: Yes

Therapist(s): Licenced clinical 
psychologists

Medium: Face-to-face session

Format: Group (4–6 individuals)

Manual: Yes

Therapist(s): An experienced 
masters-level psychologist

Medium: Face-to-face session

Format: Group (4–6 individuals)

Manual: Yes

Therapist(s): Trained oncology 
nurses

Ke
y A

ss
es

sm
en

t M
ea

su
re

s &
 T

im
in

g 

Sleep PSQI ISQ ISI** SE
Pain MPI-PS MPQ – –
Fatigue – – MFI FSI
Depression BDI – HADS-D HADS-D
Anxiety – – HADS-A HADS-A
Physical 
functioning

– – – FACT-P

Psychosocial 
functioning

– SF-36-M – FACT-E

Assessment points Baseline, posttreatment, 3-month 
follow-up

Baseline, posttreatment, 6-month 
follow-up

Baseline, posttreatment, 3, 6, 
and 12-month follow-up

Baseline, posttreatment, 3-month 
follow-up

Mi
ss

in
g 

Da
ta

Intent-to-treat 
analysis

Yes Yes Yes Yes 

Qu
ali

ty
 

Ra
tin

g Treatment quality
Methodology
Overall

9
15
24

6.5
18.5
25

7
18.5
25.5

8
22
30

Table 1 continues on the following page
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Table 1 (continued )—Study characteristics.
Author, Publication Year and Country of Implementation

Berger et al. (2009) USA Barsevick et al. (2010) USA Jungquist et al. (2010) USA Miro et al. (2011) Spain

Fi
na

l S
am

pl
e

N 219 276 28 31
Age, mean 51.57* (BT); 52.86* (Control) 53.97 49.1 46.45
Female % 100 83 82 100
Type of pain Breast cancer (100%)

Pts with initial diagnosis of stage I-IIIA 
cancer at least 48 hr before receiving 
adjuvant chemotherapy

Cancer: breast (55%), lung (17%), 
lymphoma (8%), and ovarian 
(6%)

Pts were beginning a new 
chemotherapy regimen with any 
prior treatment completed ≥ 1 m 
previously

Chronic pain: lower back (64%), 
neck (32%), and thoracic spinal 
level (4%)

Diagnosis confirmed by full 
physical examination, urinalysis, 
bloodwork and neuropsychiatric 
interview; Pts were on stable pain 
treatment

Fibromyalgia (100%)

ACR criteria; Pts were referrals 
from hospital rheumatology 
and pain services; Diagnosis 
confirmed by medical 
examination

Insomnia 
diagnosis

Did not use diagnostic criteria; 
Pts’ baseline mean PSQI score 
was > 5; 20% of the pts were on sleep 
medication at baseline;

Did not use diagnostic criteria; Pts’ 
baseline mean PSQI score was 
between 7.83 and 8.01

Insomnia criteria (> 30 min SOL 
or WASO, frequency 3 npw, 
duration > 6 m)+ sleep diary + 
PSG

DSM-IV + interview 
+ questionnaire + 
neuropsychological test + PSG

RC
T

Number of arms Two arms: BT vs. Healthy eating control Two arms: Energy and Sleep 
Enhancement (EASE, treatment) 
vs. Nutrition control

Two arms: CBT-I vs. contact 
control

Two arms: CBT vs. SH

Treatment 
components

BT: Stimulus control; Modified sleep 
restriction; Relaxation therapy; Sleep 
hygiene counselling.

Healthy eating control: A new healthy 
eating topic was discussed and general 
support was provided. 

EASE: Provision of information 
about symptoms; Advice on 
sleep enhancement and energy 
conservation strategies.

Nutrition control: Provision of 
information about nutrition and a 
healthy diet. 

CBT-I: Sleep restriction therapy; 
Stimulus control instructions; 
Sleep hygiene; Cognitive therapy.

Contact control: Weekly meetings 
(interrogative review) with the 
nurse therapist (with the duration 
comparable to that of the 
treatment group). 

CBT: Information on the 
relationship between sleep and 
Fibromyalgia; Sleep hygiene; 
Sleep restriction; Stimulus 
control; Relaxation training; 
Cognitive therapy; Relapse 
prevention.

SH: Considered sleep hygiene 
rules and environmental and 
lifestyle factors. 

Dose & Duration 1 appointment to devise a BT plan (90 
min) + 4–8 additional appointments 
after each chemotherapy session to 
revise the BT plan (30 min) + 4–8 
bolster sessions 7–9 days after each 
revision to reinforce the BT plan (15 
min) 

3 sessions conducted in the 
2nd, 3rd and 4th week following 
CTX treatment (total mean 
duration = 69 min)

8 weekly sessions (30–90 min) 6 weekly sessions (90 min)

Delivery Medium: Face-to-face session

Format: Individual (1:1)

Manual: NR

Therapist(s): Trained research nurses

Medium: Telephone

Format: Individual (1:1)

Manual: Yes

Therapist(s): Trained oncology 
nurses

Medium: Face-to-face session

Format: Individual (1:1)

Manual: Yes

Therapist(s): a Masters-level 
trained nurse

Medium: Face-to-face session

Format: Group (5–6 individuals)

Manual: Yes

Therapist(s): CBT experts

Ke
y A

ss
es

sm
en

t M
ea

su
re

s &
 T

im
in

g Sleep PSQI PSQI ISI PSQI
Pain – ¶ BPI MPI-PS MPQ
Fatigue PFS GFS – § –
Depression HADS-D POMS-D BDI HADS-D
Anxiety HADS-A – – HADS-A
Physical 
functioning

– SF-12-P – –

Psychosocial 
functioning

– SF-12-M – –

Assessment points Baseline, posttreatment Baseline, posttreatment Baseline, posttreatment Baseline, posttreatment

Mi
ss

in
g 

Da
ta

Intent-to-treat 
analysis

Yes Yes Yes NR

Qu
ali

ty
 

Ra
tin

g Treatment
Methodology
Overall

5.5
19.5
25

8
19
27

8
17
25

8
17
25

Table 1 continues on the following page
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Table 1 (continued )—Study characteristics.
Author, Publication Year and Country of Implementation

Ritterband et al. (2012) USA Martinez et al. (2013) Spain Garland et al. (2014) Canada

Fi
na

l S
am

pl
e

N 28 59 111

Age, mean 56.7 47.58 58.89 

Female % 86 100 72
Type of pain Cancer: breast (64%), other (36%)

Pts were recruited from a cancer centre and 
had completed active treatment (radiation, 
chemotherapy or surgery) ≥ 1m

Fibromyalgia (100%)

ACR criteria (duration: > 6m); Pts were 
referrals from hospital rheumatology and 
pain services

Cancer: breast (48%), prostate (11%), blood/lymph 
(10%), genitourinary (10), colon (6%), head & neck (8%), 
lung (6%) and skin (2%)

Pts were recruited from a tertiary cancer centre and had 
completed chemotherapy or radiation treatments ≥ 1 m

Insomnia 
diagnosis

DSM-IV-TR (frequency: ≥ 3 npw; duration: 
≥ 6 m; daytime consequences; ≤ 6.5 h TST)

DSM-IV-TR + sleep diary + interview + 
neuropsychological test + PSG

DSM-IV-TR (> 30 min SOL/WASO; < 85% SE; 
frequency ≥ 3 npw; duration ≥ 1 m; impairment in 
functioning)

RC
T

Number of arms Two arms: SHUTi (online CBT-I) vs. WLC Two arms: CBT-I vs. SH Two arms: CBT-I vs. MBSR
Treatment 
components

SHUTi: Sleep restriction; Stimulus control; 
Sleep hygiene education; Thoughts 
restructuring; Problem prevention.

WLC: Received access to the SHUTi 
program at the end of the study.

CBT-I: Information on the relationship 
between sleep and Fibromyalgia; Sleep 
hygiene; Sleep restriction; Stimulus 
control; Relaxation training; Cognitive 
therapy; Relapse prevention.

SH: Considered sleep hygiene rules and 
environmental and lifestyle factors.

CBT-I: Stimulus control, sleep restriction, cognitive 
therapy and relaxation training.

MBSR: Psychoeducation on stress and health, 
meditation, yoga, mindfulness training. 

Dose & Duration 9-week access to the 6-week program 
(45–60 min each of the 6 cores of the 
program)

6 weekly sessions (90 min) 8 weekly sessions (90 min) 

Delivery Medium: Internet Medium: Face-to-face session

Format: Group (5–6 individuals)

Manual: Yes

Therapist(s): experienced therapists

Medium: Face-to-face session

Format: Group (6–10 individuals)

Manual: Yes

Therapist(s): a doctoral student in clinical psychology

Ke
y A

ss
es

sm
en

t M
ea

su
re

s &
 T

im
in

g 

Sleep ISI PSQI PSQIΩ

Pain – ‡ MPQ-VAS –

Fatigue MFSI-SF MFI –
Depression HADS-D SCL-90-R-D POMS-D

Anxiety HADS-A SCL-90-R-A POMS-A
Physical 
functioning

SF-12-P – –

Psychosocial 
functioning

SF-12-M – –

Assessment points Baseline, posttreatment Baseline, posttreatment, 3- and 6-month 
follow-up

Baseline, posttreatment, 3-month follow-up

Mi
ss

in
g 

Da
ta

Intent-to-treat 
analysis

NR NR Yes 

Qu
ali

ty
 

Ra
tin

g Treatment
Methodology
Overall

3.5
18
21.5

7
20
27

7
23.5
30

*Median was reported. **Patient version used. ¶Pain was measured with an item in the Symptom Experience Scale but not reported individually as an outcome. §MFI scores were not reported. 
‡Pain was measured as one of the eight domains that constituted the SF-12. Ω = Both PSQI and ISI scores were available. PSQI score was used in the analysis to enhance comparability between 
findings of studies. NR, not reported; Pt(s), patient(s); DSM-III-R, American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorder (Third Edition, revised); DSM-IV, American 
Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorder (Fourth Edition); DSM-IV-TR, American Psychiatric Association: Diagnostic and Statistical Manual of Mental Disorder 
(Fourth Edition, Text Revision); PSG, polysomnography; SOL, sleep onset latency; WASO, wake after sleep onset; TST, total sleep time; SE, sleep efficiency; ACR criteria, American College of 
Rheumatology criteria for the diagnosis of fibromyalgia; CBT, cognitive behavior therapy; CBT-I, cognitive behavior therapy for insomnia; WLC, waitlist control; TAU, treatment as usual; SH, sleep 
hygiene; BT, behavioral therapy; SHUTi, Sleep Healthy Using the Internet; MBST, mindfulness-based stress reduction; PSQI, Pittsburgh Sleep Quality Index; MPI-PS, Multidimensional Pain 
Inventory Pain Severity scale; BDI, Beck Depression Inventory; ISQ, Insomnia Symptom Questionnaire; MPQ, McGill Pain Questionnaire; VAS, visual analogue scale; SF-36-M, 36-item Short 
Form Health Survey (Mental component); ISI, insomnia severity index; MFI, Multidimensional Fatigue Inventory; HADS-D, Hospital Anxiety and Depression Scale - Depression; HADS - A, Hospital 
Anxiety and Depression Scale – Anxiety; SE, sleep efficiency; FSI, Fatigue Symptom Inventory; FACT-P, Functional Assessment of Cancer Therapy Scale – Physical; FACT-E, Functional 
Assessment of Cancer Therapy Scale – Emotional; PFS, Piper Fatigue Scale; BPI, Brief Pain Inventory; GFS, General Fatigue Scale; POMS-D, Profile of Mood States - Depression subscale; 
POMS-D, Profile of Mood States - Anxiety subscale; SF-12-P, 12-item Short Form Health Survey (Physical component); SF-12-M, 12-item Short Form Health Survey (Mental component); MFSI–
SF, Multidimensional Fatigue Symptom Inventory – Short Form; SCL-90-R-D, Symptom Checklist-90-Revised Depression subscale; SCL-90-R-A, Symptom Checklist-90-Revised Anxiety subscale.
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Cancer patients in most of these studies were in remission 
having completed active treatments (chemotherapy, radiation 
treatment, or surgery) at least one month prior to enrolling in 
the study, except in two studies where patients were enrolled 
as they began a new regimen of chemotherapy.50,51

All but two studies50,51 screened their participants’ pre-
senting sleep problems with reference to diagnostic criteria 
for insomnia disorder. The DSM diagnostic criteria (3rd edi-
tion, 4th edition, 4th edition text-revision54–56) were most com-
monly used as the core inclusion criteria, but there were 
variations between studies in terms of their specific frequency 
(e.g., ≥ 3 nights per week), severity (e.g., daytime impairment; 
Pittsburgh Sleep Quality Index Global Score > 5), and dura-
tion (e.g., ≥ 1 month, ≥ 3 months, or ≥ 6 months) cutoffs. The 
two studies that did not screen patients with reference to di-
agnostic criteria considered fatigue and poor sleep as known 
consequences in all phases of chemotherapy. In both of these 
studies, the mean Pittsburgh Sleep Quality Index Global Score 
at baseline were > 5, indicating the presence of significant 
sleep difficulties in these patients.57

As part of the assessment of clinical insomnia in accor-
dance to the DSM diagnostic criteria,26–29,42,45,49,52,53 patients 
with a sleep disorder (e.g., sleep apnea) or a psychiatric Axis 
I disorder (e.g., psychosis, severe major depression, substance 
abuse disorder) that could better explain the insomnia were 
excluded. Some studies also specifically excluded patients who 
were receiving psychological treatment for insomnia, stress, 
anxiety, depression, or coping with pain and/or cancer outside 
of the RCT.26,29,42,45,49,51,53 Subsequently, samples of patients in 
the current meta-analysis presented moderate levels of anxiety 
and depression across studies, with most samples displaying 
sub-threshold symptoms,26,28,42,49–51 and a couple of samples 
exhibiting symptoms reaching or just crossing the suggested 
clinical thresholds adopted by validated questionnaires.29,52,53

The sleep treatments tested varied in their content, dose, du-
ration, and delivery method. In terms of content, most treat-
ment packages incorporated at least 1 component of CBT-I.33,41 
Psychoeducation, sleep hygiene, stimulus control, sleep restric-
tion, cognitive therapy, and relaxation were the most frequently 
used components. The treatments also differed in their dose and 
duration, with some offering just 3 telephone intervention ses-
sions totalling an average of 69 minutes over 60 days51 and some 
offering 7 weekly sessions of 120-minute intervention.26 Re-
garding delivery method, most sleep treatments tested adopted 
a face-to-face approach, except 2 that delivered the intervention 
using the phone51 or internet.53 Of the 9 studies that involved 
face-to-face contact with health care professionals, 3 delivered 
the treatment individually,27,28,50 while 6 offered the treatment in 
groups.26,29,42,45,49,52 The control interventions generally consisted 
of passive control procedures (e.g., waitlist control, treatment as 
usual), although 4 studies used an active control procedure (e.g., 
sleep hygiene advice, healthy eating control, nutrition control) 
and 1 was, in fact, an RCT testing whether mindfulness-based 
stress reduction was non-inferior to CBT-I.45

All studies had data on sleep and at least 2 other health and 
well-being outcome measures at baseline and posttreatment. 
Six of the RCTs also reported follow-up data at 3–12 months 
(maximum follow-up period: 3 months: n = 3; 6 months: n = 2; 
12 months: n = 1).

Risk of Bias in Included Studies
Using the scale of Yates et al.,46 the mean of quality score 

of the included RCTs was 26.00 (SD 2.58; range: 21.5–30.5), 
with a mean treatment quality subscore of 7.05 (SD 1.51; range: 
3.5–9.0) and a mean method quality subscore of 18.91 (SD 2.36; 
range: 15.0–23.5) (Table 1).

Our qualitative assessment (Figure S1, supplemental mate-
rial) identified a high risk of attrition bias in only 2 studies, 
both of which performed linear mixed model (LMM) analysis 
under the missing-at-random assumption to reduce biases. 
However, this approach was compromised when there was a 
pattern of missing data (due to attrition or differential attrition 
across groups) that could have been explained by confounding 
factors not controlled for, e.g., poorer health and patient’s treat-
ment preference.45,51

Effects of Interventions
Statistics of all analyses in this section are summarized 

in Table 2, with forest plots of the key analyses presented in 
Figure 2 and a panel of funnel plots in Figures S2–S8, supple-
mental material. To supplement the narrative, statistics of post 
hoc analyses are provided in the text.

Sleep Quality
All 11 RCTs measured improvement in sleep at posttreat-

ment and contributed data to the pooled analysis involving 
965 patients (Figure 2A). The most prevalent patient-reported 
outcome measure of sleep quality was the Pittsburgh Sleep 
Quality Index.57 Sleep treatment was associated with a signifi-
cant improvement in sleep quality at posttreatment. There was 
no evidence of publication bias. However, there was significant 
heterogeneity across the studies. A sensitivity analysis identi-
fied 2 studies, Barsevick et al.51 and Garland et al.,45 as po-
tential sources of the heterogeneity. By omitting these studies 
from the analysis, I2 reduced from 84% to 31% and the overall 
effect of sleep treatment on sleep quality decreased from 0.78 
to 0.68. An effect size of 0.68 suggested that an average re-
sponder to nonpharmacological treatments of insomnia would 
report better sleep quality than approximately 76% in the 
control group. This interpretation of the effect size assumed 
normality in the data distribution and described the overlap 
between the sleep treatment and control group in terms of a 
comparison of percentiles. 

The first subgroup analysis indicated that the effective-
ness of sleep treatment was significant for both cancer42,45,50–53 
and non-cancer pain patients.26–29,49 The second subgroup 
analysis indicated that the effectiveness of sleep treatment 
was significant for studies delivering the treatment face-to-
face,26–29,42,45,49,50,52 but not for those that offered the treatment 
using the phone or internet.51,53

Six studies provided data on sleep quality at follow-up from 
406 patients (range of follow-up: 3–12 months).26,27,42,45,49,52 We 
found a significant overall effect of sleep treatment, which 
was comparable to the effect achieved by the same 6 studies 
at posttreatment (SMD = 0.96 [95% CI: 0.53, 1.40]; Z = 4.34, 
P < 0.001). Heterogeneity between studies was nonsignificant, 
and there was no evidence of publication bias. Since all four 
studies included in this analysis delivered the treatment face-
to-face, subgroup analysis was only carried out for patient 
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type. Significant sleep treatment effect was found at follow-up 
for RCTs using both cancer pain patients42,45,52 and non-cancer 
pain patients.26,27,49

Pain
Six of the RCTs measured improvement in pain at post-

treatment and contributed to the pooled analysis involving 479 
patients.26–29,49,51 The most prevalent measure of pain was the 
McGill Pain Questionnaire.58 Sleep treatment was associated 
with a marginally significant improvement in pain at post-
treatment (Figure 2B). The overall effect size was 0.18, which 
suggested that an average responder to nonpharmacological 
treatments of insomnia would report less pain than approxi-
mately 58% in the control group. There was no evidence of 
publication bias and heterogeneity across studies. 

All but one RCT included in this analysis were conducted 
with non-cancer pain patients using the face-to-face ap-
proach.26–29,49 The effects of both subgroup analyses were non-
significant (P = 0.07).

Three RCTs reported pain improvement in 131 patients at 
follow-up (range: 3–6 months).26,27,49 There was no significant 

improvement in pain. Neither was there evidence of publica-
tion bias nor heterogeneity between the two studies.

Fatigue
Six of the RCTs assessed improvement in fatigue at post-

treatment and contributed to the pooled analysis involving 721 
patients.42,49–53 The most prevalent measure of fatigue was the 
Multidimensional Fatigue Scale.59 The overall effect of sleep 
treatment on fatigue was significant (Figure 2C). There was no 
evidence of publication bias, but significant heterogeneity was 
detected. A sensitivity analysis revealed that by removing the 
studies of Ritterband et al.53 and Barsevick et al.,51 I2 dropped 
from 71% to 50% without attenuating the effect of sleep treat-
ment on fatigue. The overall effect size following the sensitivity 
analysis was 0.38, which suggested that an average responder 
to nonpharmacological treatments of insomnia would report 
less fatigue than approximately 66% in the control group.

All but one RCT included in this analysis were conducted 
with cancer pain patients; a significant treatment effect on fa-
tigue was observed in this group of patients.42,50–53 By delivery 
method, a significant effect of sleep treatment on fatigue was 

Table 2—Summary of findings from the main analysis, sensitivity analysis and subgroup analysis by patient type and treatment delivery method.

Changes in

Main Analysis Sensitivity Analysis
Subgroup Analysis 1 
(Patient Type)

Subgroup Analysis 2 
(Delivery Method)

No. of 
Study

Tx 
(n)

Control 
(n)

Overall 
Effect SMD 
(95%CI)+

I2 
(%)

Study 
Removed

Subsequent 
Overall 
Effect

Subsequent 
I2 (%) Cancer Pain

Non-Cancer 
Pain

Internet/
Phone

Face to 
Face

Sleep B-PT 11 510 455 0.78 
(0.42, 1.13)***

84** Barsevick et 
al. & Garland 
et al.

0.68 
(0.46, 0.90)***

31 0.90 
(0.34, 1.45)** 
(H)

0.67 
(0.38, 0.95)***

0.89 
(−0.75, 2.54)

0.79 
(0.44, 1.14)***

B-FU 6 216 190 0.98 
(0.66, 1.30)***

53 1.02 
(0.55, 1.49)*** 
(H)

0.92 
(0.40, 1.45)***

n/a 0.98 
(0.66, 1.30)***

Pain B-PT 6 257 222 0.18 
(0, 0.36)*

0 n/a 0.26 
(−0.02, 0.54)‡

n/a 0.26 
(−0.02, 0.54)‡

B-FU 3 74 57 0.18 
(−0.33. 0.70) 

50 n/a 0.18 
(−0.33, 0.70)

n/a 0.18 
(−0.33, 0.70)

Fatigue B-PT 6 380 341 0.38 
(0.08, 0.69)**

71* Ritterband 
et al. & 
Barsevick 
et al.

0.38 
(0.08, 0.68)*

50 0.41 
(0.06, 0.77)* 
(H)

n/a 0.52 
(−0.59, 1.63)

0.38 
(0.08, 0.68)*

B-FU 3 121 88 0.45 
(0.11, 0.78)**

27 0.59 
(0.27, 0.91)**

n/a n/a 0.45 
(0.11, 0.78)**

Depression B-PT 10 492 418 0.18 
(−0.06, 0.42)

63** Barsevick 
et al.

0.24 
(0.06, 0.42)**

16 0.16 
(−0.17, 0.48)

0.27 
(−0.03, 0.57)

0.04 
(−0.84, 0.92)

0.22 
(0.04, 0.41)*

B-FU 5 190 144 0.31 
(0.09, 0.53)**

0 0.42 
(0.16, 0.69)**

0.08 
(−0.30, 0.47)

n/a 0.31 
(0.09, 0.53)**

Anxiety B-PT 7 299 247 0.04 
(−0.13, 0.21)

0 0.05 
(−0.16, 0.27)

0.04 
(−0.38, 0.45)

n/a 0.03 
(−0.15, 0.20)

B-FU 4 158 116 0.04 
(−0.24, 0.33)

27 0.12 
(−0.19, 0.43)

n/a n/a 0.04 
(−0.24, 0.33)

Physical 
functioning

B-PT 3 230 189 0.11 
(−0.37, 0.59)

75* Espie et al. −0.13 
(−0.65, 0.40)

52 0.11 
(−0.37, 0.59)

n/a −0.13 
(0.65, 0.40)

n/a

B-FU 1 67 39 n/a n/a n/a n/a n/a n/a
Psychosocial 
functioning

B-PT 4 244 196 0.55 
(−0.03, 1.13)†

81** Edinger et al. 0.14 
(−0.05, 0.34)

0 0.14 
(−0.05, 0.34)

n/a 0.12 
(−0.15, 0.4)

1.34 
(−0.95, 3.63)

B-FU 2 81 46 2.36 
(−2.19, 6.91)

96*** n/a n/a n/a n/a

+Effect of nonpharmacological sleep treatment compared with control intervention, as measured in standardised mean difference (SMD) of the change. I2 was used to quantify heterogeneity. 
Analyses indicating significant heterogeneity were followed up with sensitivity analysis and/or subgroup analysis, where appropriate. (H) indicates presence of significant heterogeneity 
in subgroup analysis. ***P < 0.001, **P < 0.01, *P < 0.05, †P = 0.06, ‡P = 0.07. B-PT, between baseline and posttreatment; B-FU, between baseline and follow up. Tx, treatment; n/a, not 
applicable (due to having 1 or less study in the category).
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Figure 2—Forest plots summarizing the posttreatment effects of CBT on (A) sleep, (B) pain, (C) fatigue, and (D) depression.
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B
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found for those studies delivered face-to-face42,49,50,52 but not 
via the phone or internet.51,53

Three RCTs assessed fatigue in 209 patients at follow-up 
(range: 3–12 months).42,49,52 The overall effect of sleep treat-
ment was statistically significant and was comparable to 
the effect achieved by the same 3 studies at posttreatment 
(SMD = 0.54 [95% CI: 0.27, 0.82]; Z = 3.86, P < 0.001). There 
was no evidence of publication bias or heterogeneity among 
the three studies.

Depression
Ten of the RCTs measured depression at posttreatment 

and contributed to the pooled analysis involving 910 pa-
tients.26,28,29,42,45,49–53 The most prevalent measure of depression 
was the Hospital Anxiety and Depression Scale.60 No signifi-
cant effect was found for the sleep treatment on depression 
(Figure 2D). There was no evidence of publication bias, but 
significant heterogeneity was detected. A sensitivity analysis 
revealed a drop in I2 from 63% to 16% following the omis-
sion of the study of Barsevick et al.51 The overall effect of 
sleep treatment on depression became statistically significant 
after the omission. The effect size was 0.24, suggesting that 
an average responder to nonpharmacological treatments of in-
somnia would report a lower level of depression than approxi-
mately 58% in the control group.

When the studies were analyzed by patient type (cancer42,50–53 
vs. non-cancer pain patients26,28,29,45,49), the effect of sleep treat-
ment on depression was nonsignificant for both subgroups. 
When the studies were analyzed by their delivery method, the 
effect of sleep treatment on depression was significant for those 
studies that delivered the treatment face-to-face,26,28,29,42,45,49,50,52 
but nonsignificant for those that delivered the treatment using 
the phone or internet.51,53

Five RCTs measured depression in 334 patients at follow-
up (range: 3–12 months).26,42,45,49,52 A significant effect of sleep 
treatment was found, and the effect was comparable to that 
achieved by the same 5 studies at posttreatment (SMD = 0.37 
[95% CI: 0.16, 0.58]; Z = 3.41, P < 0.001). There was no evi-
dence of publication bias or heterogeneity. All studies deliv-
ered the sleep treatment face-to-face. A subgroup analysis by 
patient type revealed a significant effect of sleep treatment on 
depression in cancer pain patients,42,45,52 but not in non-cancer 
pain patients.26,49

Anxiety, Physical Functioning, and Psychosocial Functioning
Sleep treatment effects were not significant for anxiety, 

physical functioning, and psychosocial functioning. Respec-
tively, the most prevalent measures of anxiety, physical and 
psychosocial functioning were the Hospital Anxiety and De-
pression Scale60 and the 12-item Short-Form Health Survey.61

DISCUSSION

Summary of Findings
The current study offers the first meta-analysis of the ef-

fect of nonpharmacological sleep interventions in conditions 
with chronic pain, extending two previous systematic re-
views that provided narrative evaluations for the use of CBT-I 
for cancer62 and non-cancer chronic pain.63 With enhanced 

statistical power from the bigger aggregate sample size, our 
findings indicate that these sleep treatments were moderately 
to strongly effective in improving sleep quality in patients 
with cancer and non-cancer chronic pain, with a durability 
of up to 12-month posttreatment. A caveat is that the sleep 
interventions appeared to be only effective when delivered 
face-to-face. Future research is required to elucidate how in-
formation technology could be usefully applied to effectively 
deliver these interventions to the masses. A previous meta-
analysis that compared the effect of telemedicine against 
face-to-face patient care on health outcomes found “little 
evidence of clinical benefits” for patient care delivered using 
telecommunication technologies.64 Consistently, another re-
cent meta-analysis evaluating the utility of computerized 
CBT-I for adults with primary insomnia only found a mild 
to moderate effect over the short term for insomnia.65 The 
authors concluded that computerized CBT-I, at least for the 
time being, should be considered as a form of “low-intensity 
therapy in the stepped care model for insomnia.” That said, 
the current meta-analysis only captured two early RCTs that 
used the phone or the internet to deliver sleep interventions. 
The small sample size might explain the nonsignificant ef-
fects in the subgroup analysis. The jury is still out on the 
capability of newer generations of fully automated and 
media-rich internet sleep treatments66,67 and on the most cost-
effective model of sleep intervention delivery.68

In addition to the positive effect on sleep quality, we were 
able to detect a mild to moderate therapeutic impact on pain 
immediately after nonpharmacological sleep treatments. This 
analgesic effect of improved sleep has not been consistently 
documented in individual trials, which in isolation were prob-
ably underpowered to do so. We were also able to detect a thera-
peutic effect of improved sleep on fatigue and depression. This 
observation integrates well with the broader primary insomnia 
literature, where we saw in a recent trial of CBT-I with older 
adults significant improvements in fatigue and depression at 
posttreatment and at 16-month follow-up.69 The temporal as-
sociation of better sleep with less pain and better mood mirrors 
the findings from longitudinal studies that identified untreated 
insomnia as a risk factor of adverse physical and mental health 
outcomes.1,2,5–8,70–73 Such temporality can be interpreted as evi-
dence for a cause role of better sleep in shaping physical and 
mental health. It also highlights the value of treating insomnia 
comorbid with chronic pain early.

The analgesic and mood-enhancing effect of improved 
sleep may lie with the mechanisms in the central nervous 
system that are shared for the regulation of arousal, pain sen-
sitivity, mood and other related functions; candidate mecha-
nisms proposed include the serotoninergic74 and mesolimbic 
dopamine75 systems. Improved sleep may also reduce pain 
and increase well-being through modulating inflammatory 
responses. Using the aforementioned trial of CBT-I in older 
adults with primary insomnia69 as an example again, remis-
sion of insomnia was associated with a significant reduction 
of C-reactive protein (CRP), a clinically relevant marker of 
inflammation in rheumatic diseases and is prospectively 
linked to the development of diabetes, hypertension, and car-
diovascular disease. More experimental studies are required 
to confirm these hypothesized mechanisms and explore other 
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physiological and cognitive-behavioral pathways through 
which improved sleep impacts on pain and mood regulation. 
A handful of daily process studies with chronic pain patients 
have revealed that nights of better sleep quality predict less 
attention to pain, reports of lower pain intensity in the first 
half of the next day, higher level of physical activity in the 
second half of the day, and reports of great pain in the eve-
ning.31,73,76 Future research may wish to further investigate the 
role of attention and physical activity in mediating the sleep-
pain relationship. Meanwhile, two treatment approaches may 
be pursued to capitalize on these bi-directional links. First, 
we could develop hybrid interventions that simultaneously ad-
dress sleep and pain to optimize the treatment effects. Initial 
trials of such interventions have produced promising results 
over no treatment and the standard pain-specific treatment.77–79 
Second, it may be beneficial to deploy insomnia treatment as a 
preventive, health-promoting measure for a range of long-term 
conditions that do not have an immediate cure. More research 
with larger sample size and longer-term follow-up is required 
to determine the speed, feasibility, and cost-effectiveness of 
these treatment strategies.80,81

Limitations
Although the PRISMA guidelines were closely adhered 

to when conducting and reporting this meta-analysis,47,82 the 
breadth and quality of the data pooled for analysis were lim-
ited by the quantity, design, and implementation of the original 
studies. Despite the general absence of methodological and 
publication biases, the above findings should be viewed with 
healthy scepticism as only 11 RCTs were included (we are 
aware of new RCTs being published since the completion of 
our review, e.g., Smith et al.83), and significant heterogeneity 
were found in some of the analyses. Heterogeneity was con-
siderably reduced to a nonsignificant level when one or two in-
dividual studies were removed during the sensitivity analysis. 
The source of heterogeneity could be traced to variations in 
sample populations and treatment delivery method, as illumi-
nated by the subgroup analyses. It could also be traced to the 
variations in treatment duration, dosage, and content, although 
most included RCTs named their intervention “CBT-I.” Quali-
tatively, we note that some trials employed treatment compo-
nents that have been independently scrutinized for their clinical 
certainty, e.g., stimulus control, sleep restriction therapy,33,41 
while some used methods that await empirical evaluation, e.g., 
sleep enhancement and energy conservation advice.51 In the 
current meta-analysis these interventions were evaluated as 
multi-component treatment packages and random effect model 
was used for the estimation of treatment effect, which assumed 
the effect being estimated in different studies were not iden-
tical. Future research may find value in evaluating the relative 
merits of individual components. To this end, single-case ex-
perimental designs may be a cost-effective methodology that 
offers greater flexibility. Of course, within the context of RCTs, 
more refined subgroup analyses by treatment dosage, duration, 
and delivery method would also help pinpoint the sources 
of heterogeneity.

Sleep, pain, health, and well-being are multidimensional con-
structs. The current meta-analysis focused on patient-reported 
outcome measures (PROMS), which provided unique insights 

into the patients’ perception of their health and the impact of the 
treatments they received.84 These are subjective measures sus-
ceptible to recall and reporting biases. It would be informative 
if future trials would diversify the assessment methods with a 
broader range of subjective and objective outcome measures. 
However, with the exception of sleep for which polysomnog-
raphy and actigraphy could provide established objective esti-
mates,85,86 it is debatable what constitutes a valid and reliable 
objective measurement of pain, fatigue, mood, physical, and 
psychosocial functioning. Related to this, we saw variations in 
the selection of patient-reported outcome measures across the 
included RCTs. We opted to use the most prevalent measure to 
maximize comparability. The current study did not attempt to 
evaluate all aspects of sleep experience because there were ap-
preciable differences in the sleep assessment methods in terms 
of the technology used (sleep diary, actigraphy, or polysomnog-
raphy), procedure adopted (in lab or at home; number, frequency, 
duration and timing of assessment) and the reporting approach 
(specific parameters chosen for reporting; within-group vs. 
between-group comparisons). We considered the possibility of 
aggregating data by various sleep parameters but had decided 
against it for concerns of high heterogeneity and practicality. 
Future initiatives developing consensus and recommendations 
for core outcome measures to be used in RCTs of nonpharma-
cological sleep treatments may be a way forward.87

CONCLUSION AND RECOMMENDATIONS
The current meta-analysis found aggregate evidence to 

support the use of nonpharmacological sleep interventions in 
cancer and non-cancer pain patients with comorbid insomnia. 
The evidence substantiates and extends the initial conclusion 
drawn in the 2006 American Academy of Sleep Medicine 
review on the benefit of insomnia-specific treatment in indi-
viduals with chronic pain.41 Although the broader physical 
and psychological health benefits of these sleep interventions 
were moderate in magnitude and gradual in timing, they high-
light the causal role of sleep and raise the possibility that more 
pro-active sleep treatment is a fruitful avenue for optimizing 
treatment outcomes in patients living with chronic painful 
conditions and for preventing the onset of adverse health out-
comes. Aside from sleep researchers, these results are of par-
ticular interest to primary care physicians and allied health 
professionals, who are taking up an increasingly important 
role in preventing and managing long-term conditions. More 
research is now required to establish the feasibility, clinical 
utility, sustainability, and cost-effectiveness of such endeavors.
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SUPPLEMENTAL MATERIAL

Appendix: Search Terms and Strategies by Database

1 Cochrane Library search strategy
#1 random* in Trials
#2 nonpharma*
#3 psychologic*
#4 behavi*
#5 cognitive
#6 relax*
#7 stimulus control*
#8 sleep
#9 insomnia*
#10 sleep near disorder*
#11 sleep near problem*
#12 sleep near difficult*
#13 sleep near disturb*
#14 sleep near pattern*
#15 wake*
#16 chronic next pain*
#17 cancer
#18 malignan*
#19 musculo*
#20 arthritis
#21 osteoarth*
#22 osteo*
#23 fibro*
#24 headache
#25 migraine
#26 neurop*
#27 neuralgi*
#28 rheuma*
#29 dysmenorrhea
#30 #2 or #3 or #4 or #5 or #6 or #7
#31 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
#32 #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or 

#24 or #25 or #26 or #27 or #28 or #29
#33 #1 and #30 and #31 and #32

2 MEDLINE search strategy
#1 random*
#2 nonpharma*
#3 psychologic*
#4 behavi*
#5 cognitive
#6 relax*
#7 stimulus control*
#8 sleep
#9 insomnia*
#10 sleep near disorder*
#11 sleep near problem*
#12 sleep near difficult*
#13 sleep near disturb*
#14 sleep near pattern*
#15 wake*
#16 cancer
#17 malignan*

#18 musculo*
#19 arthritis
#20 osteoarth*
#21 fibromyalg*
#22 fibros*
#23 headache
#24 migraine
#25 neuropath*
#26 neuralgi*
#27 rheuma*
#28 dysmenorrhea
#29 #2 or #3 or #4 or #5 or #6 or #7
#30 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
#31 #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or 

#24 or #25 or #26 or #27 or #28
#32 #1 and #29 and #30 and #31

3 EMBASE search strategy
#1 random*
#2 nonpharma*
#3 psychologic*
#4 behavi*
#5 cognitive
#6 relax*
#7 stimulus control*
#8 sleep
#9 insomnia*
#10 sleep near disorder*
#11 sleep near problem*
#12 sleep near difficult*
#13 sleep near disturb*
#14 sleep near pattern*
#15 wake*
#16 chronic next pain*
#17 cancer
#18 malignan*
#19 musculo*
#20 arthritis
#21 osteoarth*
#22 osteo*
#23 fibro*
#24 headache
#25 migraine
#26 neurop*
#27 neuralgi*
#28 rheuma*
#29 dysmenorrhea
#30 #2 or #3 or #4 or #5 or #6 or #7
#31 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
#32 #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or 

#24 or #25 or #26 or #27 or #28 or #29
#33 #1 and #30 and #31 and #32

4 PsycINFO search strategy
#1 random*
#2 nonpharma*
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#3 psychologic*
#4 behavi*
#5 cognitive
#6 relax*
#7 stimulus control*
#8 sleep
#9 insomnia*
#10 sleep near disorder*
#11 sleep near problem*
#12 sleep near diffi cult*
#13 sleep near disturb*
#14 sleep near pattern*
#15 wake*
#16 chronic next pain*
#17 cancer
#18 malignan*

#19 musculo*
#20 arthritis
#21 osteoarth*
#22 osteo*
#23 fi bro*
#24 headache
#25 migraine
#26 neurop*
#27 neuralgi*
#28 rheuma*
#29 dysmenorrhea
#30 #2 or #3 or #4 or #5 or #6 or #7
#31 #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
#32 #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or 

#24 or #25 or #26 or #27 or #28 or #29
#33 #1 and #30 and #31 and #32

Figure S1—Qualitative risk assessment results: review authors’ judgments about each risk of bias item presented as (A) visual summary for each study 
and (B) percentages across all included studies.

A

B
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Figure S2—Sleep. (A) Posttreatment. (B) Follow-up.

A B

Figure S3—Pain. (A) Posttreatment. (B) Follow-up.

A B

Figure S4—Fatigue. (A) Posttreatment. (B) Follow-up.

A B

Funnel Plots for All Pooled Analyses by Outcome Measures and Assessment Time Points (Figures S2–S8)
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Figure S5—Depression. (A) Posttreatment. (B) Follow-up.

A B

Figure S6—Anxiety. (A) Posttreatment. (B) Follow-up.

A B

Figure S7—Physical functioning. (A) Posttreatment. (B) Follow-up.

A B
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Figure S8—Psychosocial functioning. (A) Posttreatment. (B) Follow-up.

A B


