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Abstract

IMPORTANCE Insomnia is highly prevalent in patients with nonspecific chronic spinal pain (nCSP).
Given the close interaction between insomnia and pain, targeting sleep problems during therapy
could improve treatment outcomes.

OBJECTIVE To evaluate the effectiveness of cognitive behavioral therapy for insomnia (CBTi)
integrated in best-evidence pain management (BEPM) vs BEPM only in patients with nCSP and
insomnia.

DESIGN, SETTING, AND PARTICIPANTS A multicenter randomized clinical trial with 1-year
follow-up was conducted between April 10, 2018, and April 30, 2022. Data and statistical analysis
were performed between May 1, 2022, and April 24, 2023. Patients with nCSP and insomnia were
evaluated using self-report and at-home polysomnography, to exclude underlying sleep pathologic
factors. Participants were treated at the University Hospital Brussels or University Hospital Ghent,
Belgium. Intention-to-treat analysis was performed.

INTERVENTIONS Participants were randomized to either CBTi-BEPM or BEPM only. Both groups
received 18 treatment sessions over 14 weeks. The CBTi-BEPM treatment included 6 CBTi sessions
and 12 BEPM sessions. The BEPM treatment included pain neuroscience education (3 sessions) and
exercise therapy (9 sessions in the CBTi-BEPM group, 15 sessions in the BEPM-only group).

MAIN OUTCOMES AND MEASURES The primary outcome was change in mean pain intensity
(assessed with Brief Pain Inventory [BPI]) at 12 months after the intervention. Exploratory secondary
outcomes included several pain- and sleep-related outcomes. Blinded outcome assessment took
place at baseline, posttreatment, and at 3-, 6-, and 12-month follow-up.

RESULTS A total of 123 patients (mean [SD] age, 40.2 [11.18] years; 84 women [68.3%]) were
included in the trial. In 99 participants (80.5%) with 12-month BPI data, the mean pain intensity at 12
months decreased by 1.976 points (reduction of 40%) in the CBTi-BEPM group and 1.006 points
(reduction of 24%) points in the BEPM-only group. At 12 months, there was no significant difference
in pain intensity change between groups (mean group difference, 0.970 points; 95% CI, −0.051 to
1.992; Cohen d, 2.665). Treatment with CBTi-BEPM resulted in a response for BPI average pain with a
number needed to treat (NNT) of 4 observed during 12 months. On a preliminary basis, CBTi-BEPM
was, consistently over time and analyses, more effective than BEPM only for improving insomnia
severity (Cohen d, 4.319-8.961; NNT for response ranging from 2 to 4, and NNT for remission ranging
from 5 to 12), sleep quality (Cohen d, 3.654-6.066), beliefs about sleep (Cohen d, 5.324-6.657),
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Abstract (continued)

depressive symptoms (Cohen d, 2.935-3.361), and physical fatigue (Cohen d, 2.818-3.770). No
serious adverse effects were reported.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, adding CBTi to BEPM did not
further improve pain intensity reduction for patients with nCSP and comorbid insomnia more than
BEPM alone. Yet, as CBTi-BEPM led to significant and clinically important changes in insomnia
severity and sleep quality, CBTi integrated in BEPM should be considered in the treatment of patients
with nCSP and comorbid insomnia. Further research can investigate the patient characteristics that
moderate the response to CBTi-BEPM in terms of pain-related outcomes, as understanding of these
moderators may be of utmost clinical importance.

TRIAL REGISTRATION Clinical Trials.gov Identifier: NCT03482856
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Introduction

Nonspecific chronic spinal pain (nCSP) is a large socioeconomic health problem and the leading cause
of years lived with disability worldwide.1 Nonspecific chronic spinal pain is a multidimensional
problem1 in which insomnia has a major role.2 Insomnia is defined as sleep dissatisfaction with
difficulties initiating, maintaining, or returning to sleep for more than 3 days per week for more than
3 months, with a clear influence on daytime functioning.3 The prevalence of comorbid clinical
insomnia in chronic pain conditions varies between 53% and 90%.4-8 Specifically in nCSP, insomnia
rates exceed 50%,9,10 resulting in detrimental daytime effects, such as decline in memory and
decreased quality of life (QOL).11

Because of the complex bidirectional sleep-pain association,12,13 the presence of insomnia may
impede treatment effects in nCSP.14,15 Hence, specifically targeting sleep in these patients by using
cognitive behavioral therapy for insomnia (CBTi) integrated in pain management may increase
treatment effectiveness. Cognitive behavioral therapy for insomnia is a nonpharmacologic,
multicomponent intervention aiming at changing unhelpful sleep-related attitudes, beliefs, and
behaviors.16 International guidelines recommend CBTi as first-line treatment for insomnia based on
its well-established positive effects on sleep outcomes,17,18 such as sleep quality, insomnia severity,
and fatigue, in individuals with chronic pain.19,20 However, less favorable effects of CBTi as a stand-
alone treatment for pain are reported in patients with nCSP,21,22 which may be explained by the
absence of integrating CBTi in best-evidence pain management (CBTi-BEPM).

To our knowledge, this is the first fully powered randomized clinical trial evaluating the
effectiveness of CBTi-BEPM vs BEPM only for reducing pain intensity up to 12 months after
intervention in patients with nCSP and insomnia. Additionally, on an exploratory basis, this study
examines whether CBTi-BEPM vs BEPM only can improve other pain-related and sleep-related
outcomes, physical activity, depressive symptoms, anxiety, and QOL.

Methods

Design and Blinding
This triple-blind study (participants, assessors, and statistician) was approved by the ethics
committee at the University Hospital of Ghent and University Hospital of Brussels. A multicenter
randomized clinical trial with 1-year follow-up was conducted between April 10, 2018, and April 30,
2022. Data and statistical analysis were performed between May 1, 2022, and April 24, 2023. A
detailed study protocol can be found in Supplement 1 and elsewhere.23 Blinding of assessors and
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participants was evaluated. This study followed the Consolidated Standards of Reporting Trials
(CONSORT) reporting guideline.

Study Population
Patients with nCSP and insomnia aged 18 to 65 years were recruited via the participating universities,
university hospitals, primary care practices, occupational health services, public places,
advertisements, and social media. Patients with nCSP and insomnia were evaluated using self-report
and at-home polysomnography, to exclude underlying sleep pathologic factors. Participants were
treated at the University Hospital Brussels or University Hospital Ghent, Belgium. Details on eligibility
criteria and the polysomnography (PSG) assessment used for identifying insomnia and excluding
severe underlying sleep pathologic factors are included in eTable 1 and the eMethods in
Supplement 2 and elsewhere.23

Randomization
Randomization was computer-generated at the Ghent University Biostatistics Unit by an
independent investigator. Block randomization (1:1) was used for the 2 treatment centers (University
Hospital of Ghent and University Hospital of Brussels) separately, with stratification for sex (male
and female) and dominant pain location (neck and lower back).13 Paper strips indicating group
assignment were placed in sequentially numbered, opaque, sealed envelopes. An independent
researcher, the only one with access to the envelopes, wrote the participant’s initials on the envelope
before opening it, ensuring concealed randomization.

Outcome Measures
Outcome assessment was performed at baseline, immediately after treatment, and at 3-, 6-, and
12-month follow-up. The primary end point was 12-month follow-up. For details, see the a priori
published protocol23 and in Supplement 1.

The primary clinical outcome was mean pain intensity, assessed using the Brief Pain Inventory
(BPI)24 item mean pain intensity in the last 24 hours evaluated on an 11-point numeric rating scale
(minimal clinically important difference [MCID] = 30% decrease).15,25

Exploratory secondary pain-related outcomes comprised self-reported pain outcomes,
including BPI worst and least pain intensity (past 24 hours), BPI pain intensity now (ie, at the time of
assessment), BPI pain severity and interference, and symptoms of central sensitization, assessed
via the Central Sensitization Inventory (>40 of 100 indicates the presence of central sensitization-
related symptoms).26,27 Pressure pain thresholds (MCID = increase >15%28) were assessed with a
digital pressure algometer (Wagner Instruments) randomly applied at the painful location and 2
remote locations.29,30

Exploratory secondary sleep-related outcomes included data on perceived sleep quality
assessed by the Pittsburgh Sleep Quality Index (cutoff = 6 of 21 points; MCID = 3 points31-33);
insomnia severity assessed by the Insomnia Severity Index (cutoff = 14 of 28 points; ie, scores �14
considered as remittance; MCID = 6 points; ie, reduction �6 points qualifies as response32,34,35);
sleep- and insomnia-related cognition, assessed by the Dysfunctional Beliefs and Attitudes About
Sleep questionnaire36,37; sleep propensity measured by the Epworth Sleepiness Scale38; and mental
and physical fatigue assessed by the Brugmann Fatigue Scale.39 Additionally, objective sleep
outcomes were assessed using at-home PSG (portable Alice PDX, Philips Respironics Inc) and
included sleep-onset latency, wake duration after sleep onset, early-morning awakening, time in bed,
total sleep time, sleep efficiency, percentage in rapid eye movement (REM) and non-REM sleep, and
number of arousals (eMethods in Supplement 2 provides details).

Other explorative secondary outcomes included depressive symptoms and anxiety (measured
with the Hospital Anxiety and Depression Rating Scale, cutoff = 7 of 21 points; MCID = 1.7
points40-42); objective physical activity–related outcomes (recorded over 7 consecutive days using
3-axis accelerometers, GT9X-BT, Actigraph43,44), including step count and percentage of time in
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sedentary, light, moderate, and moderate/vigorous physical activity (analyzed using ActiLife6,
Actigraph Corporation LLC); health-related QOL (ie, the 36-item Short-Form Health Survey45);
adverse events, classified as serious (led to death, life-threatening, required hospitalization,
prolonged hospitalization, and led to prolonged or major disability).

Intervention
Both groups received 18 sessions of approximately 30 minutes of therapy during 14 weeks. All
sessions were delivered by physical therapists (all with Master of Science degree), and were one-on-
one, individualized sessions (except for 1 group session of 1 hour) using principles of person-
centered care and applying guidance toward self-management (eTable 2 in Supplement 2).

As the experimental intervention, CBTi-BEPM comprised 6 sessions of CBTi combined with 12
sessions of BEPM.46 The control intervention, BEPM only, comprised 18 sessions of BEPM. The
treatment contrast lay in the 6 CBTi sessions, which included sleep education, self-monitoring of
sleep patterns, time-in-bed restriction, stimulus control, sleep hygiene, cognitive restructuring, and
relaxation.47 Details are available in the protocol (Supplement 1 and published work.46-48 Best-
evidence pain management included pain neuroscience education (3 sessions) and cognition-
targeted exercise therapy. In CBTi-BEPM, 9 sessions of cognition-targeted exercise therapy were
administered, compared with 15 sessions in the BEPM-only intervention, ensuring equivalent therapy
and therapist exposure times across treatment arms. Full details are available in the protocol
(Supplement 1) and published work.49

Statistical Analysis
Sample size (N = 120) was calculated using G*Power, version 3.1.9.2, based on the effects on pain in a
pilot study (effect size f = 0.25, α = .05, power = 0.80),22 accounting for F tests and 20% loss-to-
follow-up at 12 months.50

All analyses (intention-to-treat) were performed in SPSS, version 24.0 (SPSS Institute Inc). For
all outcomes, the change between baseline and other time points was calculated (eg, change
1 = baseline [T0] to posttreatment [T1]; change 2 = T0 to 3-month follow-up [T2]). Differences in the
change in mean pain intensity at the 12-month follow-up (change 4, primary outcome at primary end
point) and at the other time points were analyzed using a random-intercept fixed-slope linear mixed
model (including least significant difference post hoc analyses), with an unstructured covariance
matrix. Linear mixed models are a likelihood-based estimation procedure, whereby likely values for
missing data are estimated from information contained in the observed data, resulting in nonbiased
estimates, providing data are missing at random. The model included treatment, time, and
treatment × time as fixed effects together with a random intercept for each patient. Model
assumptions were evaluated visually using residual plots. Mean group differences (MGD) with 95%
CIs at the different time points, their P values, and effect sizes for the intervention comparisons are
reported. Level of significance was set at α = .05. Effect sizes were calculated as Cohen d (interpreted
as >1.3 = very large, 0.80-1.29 = large, 0.50-0.79 = medium, 0.20-0.49 = small, and
<0.20 = negligible). The same analysis was used to evaluate the explorative secondary outcomes at
the different time points. Significance was determined using 2-sided, unpaired testing.

Different sensitivity analyses were performed. The first sensitivity analyses entailed the
assessment of between-group differences using the same analysis, while including baseline levels of
mean pain intensity for all pain-related outcomes and baseline level of insomnia severity for sleep-
related outcomes as a confounder. The second sensitivity analysis compared the dropout group,
including loss-to-follow-up, with the no dropout group by categorizing the entire cohort into 2
subsets, distinguished by their adherence or discontinuation from the trial. A t test or its
nonparametric equivalent was used to compare the baseline characteristics and data between the
2 groups.
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Results

Flow of Participants Throughout the Study
A total of 123 people (mean [SD] age, 40.2 [11.18] years; 84 [68.3%] women; 39 [31.7%] men) were
randomized (n = 61 experimental; n = 62 control). Full details on the participants’ flow through the
study are presented in the Figure. Apart from 13 individuals who dropped out (10.6%; 6
experimental and 7 control), all included participants finalized 18 treatment sessions. Loss-to-
follow-up occurred in 7 experimental participants and 2 control participants (7.3%). Details on the
data missing per group, outcome, and time point are provided in eTable 3 in Supplement 2. Missing
data were mainly attributed to COVID-19 and technical issues. There were no study protocol
deviations.23 Table 1 and Table 2 present participants’ other characteristics. For success of blinding,
see eTable 7 in Supplement 2.

Figure. Study Flowchart

61 Analyzed

1573 Individuals screened for eligibility

146 Confirmed eligible based on questionnaire

126 Eligible after PSG screening

1427 Excluded
Did not meet eligibility criteria
based on screening questionnaire

20 Excluded
17 Apnea-hypopnea >15
3 Periodic leg movement

3 Additional excluded
2 Recent spinal surgery
1 Widespread pain

123 Randomized

61 Randomized to experimental intervention
55 Received experimental intervention
6 Did not complete the intervention
1 COVID-19

1 Alcohol abuse

1 Therapy not as expected
2 Time investment
1 Pain

1 Lost to follow-up T1
1 No time

2 Additional lost to follow-up T3
1 No longer reachable
1 COVID-19

4 Additional lost to follow-up T4
1 No longer reachable
3 COVID-19

62 Randomized to control intervention
55 Received control intervention
7 Did not complete the intervention
1 Pregnancy
1 Therapy not as expected
4 Time investment
1 No interest

1 Lost to follow-up T1
1 No interest

0 Additional lost to follow-up T3

0 Additional lost to follow-up T20 Additional lost to follow-up T2

1 Additional lost to follow-up T4
1 No longer reachable

62 Analyzed

A total of 123 individuals were included in the
analysis because of the use of linear mixed models
analysis, which a likelihood-based estimation
procedure whereby likely values for missing data are
estimated from information contained in the observed
data, resulting in nonbiased estimates providing that
data are missing at random. PSG indicates
polysomnography.
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Effect of the Interventions
Table 3 and Table 4 present the results of the analyses using change values. A visual representation
of these results is additionally provided in eFigures 1-4 in Supplement 2. For analyses with absolute
scores, see eTable 8 in Supplement 2.

Analysis of the primary clinical outcome, ie, differences in mean pain intensity (BPI) at 12-month
following intervention, indicates no significant difference was observed between the 2 groups, with
an MGD of 0.970 points (95% CI, −0.051 to 1.992; effect size Cohen d, 2.665) (Table 3). In 99
participants (80.5%) with 12-month BPI data, the mean pain intensity at 12 months decreased by
1.976 points (reduction of 40%) in the CBTi-BEPM group and 1.006 points (reduction of 24%) points
in the BEPM-only group. Similarly, the other time points showed small, nonsignificant differences
(MGD ranging from 0.315 points; 95% CI, −0.614 to 1.244; to 0.373; 95% CI, −0.487 to 1.233 points).
From a clinical perspective, CBTi-BEPM resulted in a treatment response for BPI-measured mean
pain intensity with a number needed to treat (NNT) of 4 (95% CI, 2-6) observed over a period of 12
months (NNT directly posttreatment was 14; 95% CI, 7-19). On a preliminary secondary basis, similar
analyses were performed for other pain-related outcomes, sleep-related outcomes, physical activity,
depressive symptoms and anxiety, and QOL (Table 3 and Table 4).

For pain interference (BPI), CBTi-BEPM showed a significantly greater change from baseline to
3-month follow-up compared with BEPM only (MGD: 0.844 points: 95% CI 0.084-1.604; very large
effect [Cohen d]). While no significant results were found for BPI pain severity and pain intensity
now, only the percent within-group-change of the CBTi-BEMP group exceeded the MCID at 12-month
follow-up (severity: −33%, pain intensity: 39% in CBTi-BEPM vs severity: −23%, pain intensity: 27%
in BEPM only). For the central sensitization inventory, CBTi-BEPM showed a significantly greater
improvement from baseline to directly after treatment (MGD: 5.500 points 95% CI, 2.026-8.974
points; very large effect) as well as to 6-month follow-up (MGD: 4.746 points; 95% CI, 0.615-8.877
points; very large effect) compared with BEPM only. For the Insomnia Severity Index, compared with
BEPM only, CBTi-BEPM resulted in a larger reduction of insomnia severity from baseline to directly
after intervention (MGD: 5.574 points; 95% CI, 3.829-7.319 points; very large effect) and to 3 months
(MGD: 4.167 points; 95% CI, 2.241-6.092 points; very large effect), 6 months (MGD: 4.538 points;
95% CI, 2.520-6.557 points; very large effect), and 12 months (MGD: 3.197 points; 95% CI,
1.121-5.273; very large effect) after intervention. Effect sizes ranged from 4.319 to 8.961. Response
and remission analyses for insomnia were based on the MCID (6 points) and cutoff value (14 of 28) on
the Insomnia Severity Index. Directly after treatment, 79.6% of participants in the CBTi-BEPM group
responded and 90.1% achieved remission, compared with 37.0% who responded and 70.4% who
achieved remission in the BEPM-only group. At the 12-month follow-up, responder rates remained
high at 63.8% and remission at 87.2% in the CBTi-BEPM group, compared with 38.5% response and
78.8% remission in the BEPM-only group. Based on these rates, NNTs were calculated. The NNT for

Table 2. Dominant Pain Problem, Sex, and Education Variables

Variable

Frequencies, n (%)

BEPT only (n = 61) BEPT with CBTi (n = 62)
Dominant pain problem

Neck pain 36 (56.5) 35 (57.4)

Low back pain 27 (43.5) 26 (42.6)

Sex

Male 21 (33.9) 20 (32.8)

Female 41 (66.1) 41 (67.2)

Educational level

Master’s degree 28 (45.2) 22 (36.1)

Bachelor’s degree 24 (38.7) 23 (37.7)

Higher secondary education 10 (16.1) 15 (24.6)

Lower secondary education 0 1 (1.6)
Abbreviations: BEPT, best-evidence physical therapy;
CBTi, cognitive behavioral therapy for insomnia.
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achieving insomnia remission with CBTi-BEPM was 5 (95% CI, 4-6) directly after treatment and 12
(95% CI, 8-16) after 12-month follow-up. With regard to treatment response (based on Insomnia
Severity Index MCID), the NNT was 2 (95% CI, 1-3) directly after treatment and 4 (95% CI, 3-5) at
12-month follow-up. Full details are presented in eTable 6 in Supplement 2.

Table 3. Clinical Effectiveness Outcomes: Pain

Outcomea
Change time
pointb

Estimated margin, mean (SE)

Mean group difference (95% CI) P value
Effect size,
Cohen dCBTi-BEPM (n = 61) BEPM (n = 62)

Primary outcome, mean pain intensity

Brief Pain Inventory, mean pain intensity 1 1.667 (0.331) 1.352 (0.331) 0.315 (−0.614 to 1.244) .50 0.952

2 1.407 (0.361) 1.093 (.0361) 0.315 (−0.697 to 1.327) .54 0.870

3 1.743 (0.309) 1.370 (0.304) 0.373 (−0.487 to 1.233) .39 1.215

4 1.976 (0.368) 1.006 (0.360) 0.970 (−0.051 to 1.992) .06 2.665

Secondary pain-related outcomes

Brief Pain Inventory

Worst pain intensity 1 1.222 (0.268) 0.926 (0.268) 0.296 (−0.455 to 1.048) .44 1.104

2 0.926 (0.301) 1.130 (0.301) −0.204 (−1.049 to 0.641) .63 0.678

3 1.399 (0.308) 1.130 (0.303) 0.270 (−0.588 to 1.127) .54 0.879

4 1.105 (0.308) 0.994 (0.297) 0.112 (−0.737 to 0.961) .79 0.366

Least pain intensity 1 0.907 (0.240) 0.741 (0.240) 0.167 (−0.507 to 0.841) .63 0.692

2 1.000 (0.232) 1.074 (0.232) −0.074 (−0.724 to 0.576) .82 0.319

3 0.996 (0.263) 0.778 (0.260) 0.219 (−0.514 to 0.952) .56 0.832

4 1.404 (0.255) 0.938 (0.250) 0.466 (−0.241 to 1.173) .20 1.842

Pain intensity now 1 1.704 (0.347) 0.852 (0.347) 0.852 (−0.120 to 1.824) .09 2.455

2 1.259 (0.348) 1.241 (0.348) 0.019 (−0.958 to 0.995) .97 00.052

3 1.618 (0.322) 0.944 (0.317) 0.674 (−0.223 to 1.570) .14 2.106

4 1.642 (0.371) 0.949 (0.359) 0.692 (−0.332 to 1.716) .18 1.899

Pain severity 1 1.375 (0.232) 0.968 (0.232) 0.407 (−0.243 to 1.058) .22 1.754

2 1.148 (0.250) 1.134 (0.250) 0.014 (−0.687 to 0.715) .97 0.056

3 1.438 (0.232) 1.056 (0.229) 0.382 (−0.264 to 1.029) .24 1.654

4 1.535 (0.364) 0.966 (0.257) 0.570 (−0.162 to 1.301) .13 1.806

Pain interferencec 1 1.651 (0.282) 0.910 (0.282) 0.741 (−0.050 to 1.531) .07 2.628

2 1.788 (0.271) 0.944 (0.271) 0.844 (0.084 to 1.604) .03 3.114

3 1.761 (0.273) 1.011 (0.269) 0.750 (−0.010 to 1.511) .05 2.768

4 1.771 (0.277) 1.063 (0.270) 0.708 (−0.060 to 1.475) .07 2.584

Central sensitization inventory 1 12.981 (1.239) 7.481 (1.239) 5.500 (2.026 to 8.974) .002 4.439

2 10.648 (1.332) 8.796 (1.332) 1.852 (−1.884 to 5.588) .33 1.390

3 10.931 (1.480) 6.185 (1.464) 4.746 (0.615 to 8.877) .03 3.224

4 11.033 (1.487) 7.482 (1.454) 3.551 (−0.574 to 7.676) .09 2.414

Pressure pain thresholds, kgf

Primary 1 −1.249 (00.232) −0.691 (0.235) −0.557 (−1.211 to 0.097) .09 2.385

4 −1.171 (0.290) −1.229 (0.273) 0.058 (−0.733 to 0.849) .89 0.206

Calf, secondary 1 −0.526 (0.183) −0.336 (0.185) −0.161 (−0.677 to 0.355) .54 1.033

4 −0.844 (0.251) −0.813 (0.240) −0.031 (−0.719 to 0.657) .93 0.126

Hand, secondary 1 −0.591 (0.143) −0.187 (0.145) −0.403 (−0.806 to −0.001) .05 2.806

4 −0.869 (0.188) −0.704 (0.176) −0.165 (−0.677 to 0.347) .52 0.907

Abbreviations: BEPM, best-evidence pain management; CBTi-BEPM, cognitive
behavioral therapy for insomnia integrated in BEPM; kgf, kilogram force.
a Scoring scales for the tests are reported in the Table 1 footnotes.
b Change 1 = baseline – time point 1 (immediate post-intervention); change 2 =

baseline – time point 2 (3 months post-intervention); change 3 = baseline – time
point 3 (6 months postintervention); change 4 = baseline – time point 4 (12 months
postintervention, primary end point).

c Due to baseline differences in Brief Pain Inventory (BPI) pain interference between
groups, a subsample was defined to reach similar baseline scores. This was done to

determine whether the reported group difference in BPI interference was due to the
intervention received or the fact that the CBTi-BEPM group started with a higher mean
BPI pain interference level. The 10% highest scores on the baseline BPI values were
excluded from the dataset (12 exclusions from the CBTi-BEPM group and 3 exclusions
from the BEPM-only group), resulting in equal groups at baseline for BPI pain
interference. There was still a significant main effect for group (P = .30) with post hoc
analysis, but only a significant difference for change 3 (T0 – T3; P = .04).
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Table 4. Clinical Effectiveness Outcomes: Sleep, Psychiatric, and Physical Activity

Outcomea
Change
time pointb

Estimated margin, mean (SE) Mean group difference (95% CI) P value
Effect size,
Cohen d

CBTi-BEPM (n = 61) BEPM (n = 62)

Secondary sleep-related
outcomes

Insomnia Severity Index 1 8.296 (0.622) 2.722 (0.622) 5.574 (3.829 to 7.319) <.001 8.961

2 8.019 (0.687) 3.852 (0.687) 4.167 (2.241 to 6.092) <.001 6.066

3 8.075 (0.724) 3.537 (0.714) 4.538 (2.520 to 6.557) <.001 6.312

4 7.350 (0.750) 4.154 (0.730) 3.197 (1.121 to 5.273) .003 4.319

Epworth Sleepiness Scale 1 1.167 (0.412) 0.352 (0.412) 0.815 (−0.339 to 1.969) .17 1.978

2 1.407 (0.511) 1.074 (0.511) 0.333 (−1.098 to 1.765) .65 0.652

3 1.662 (0.523) 1.167 (0.515) 0.495 (−0.961 to 1.951) .50 0.954

4 1.400 (0.504) 1.269 (0.492) 0.131 (−1.266 to 1.529) .85 0.263

Pittsburgh Sleep Quality Index 1 4.667 (0.455) 1.907 (0.455) 2.759 (1.484 to 4.035) <.001 6.066

2 4.537 (0.402) 2.685 (0.402) 1.852 (0.723 to 2.980) .002 4.607

3 4.265 (0.461) 2.352 (0.453) 1.913 (0.631 to 3.195) .004 4.186

4 4.029 (0.462) 2.363 (0.450) 1.666 (0.387 to 2.944) .01 3.654

Brugmann Fatigue Scale

Mental 1 0.926 (0.302) 0.944 (0.302) −0.019 (−0.864 to 0.827) .97 0.060

2 1.148 (0.325) 1.222 (0.325) −0.074 (−0.895 to 0.837) .87 0.228

3 1.220 (0.353) 0.926 (0.349) 0.294 (−0.692 to 1.279) .56 0.838

4 0.943 (0.347) 1.038 (0.341) −0.095 (−1.060 to 0.871) .85 0.276

Physical 1 1.000 (0.243) 0.315 (0.243) 0.685 (0.004 to 1.366) .05 2.819

2 1.204 (0.260) 0.426 (0.260) 0.778 (0.048 to 1.508) .04 2.992

3 1.301 (0.293) 0.204 (0.289) 1.098 (0.282 to 1.914) .009 3.770

4 1.331 (0.250) 0.635 (0.243) 0.696 (0.005 to 1.387) .05 2.818

DBAS 1 0.703 (0.067) 0.257 (0.067) 0.446 (0.259 to 0.633) <.001 6.657

2 0.745 (0.071) 0.312 (0.071) 0.433 (0.233 to 0.633) <.001 6.099

3 0.792 (0.071) 0.362 (0.070) 0.430 (0.231 to 0.628) <.001 6.056

4 0.754 (0.069) 0.392 (0.067) 0.362 (0.172 to 0.553) <.001 5.324

PSG

Sleep-onset latency, min 1 1.467 (1.830) 2.873 (1.891) −1.406 (−6.625 to 3.813) .59 .756

4 1.747 (3.599) −4.262 (3.405) 6.009 (−3.839 to 15.858) .23 1.715

Wake after sleep onset, min 1 2.972 (5.285) 14.457 (5.426) −11.485 (−26.509 to 3.539) .13 2.144

4 −4.967 (7.784) 7.036 (7.267) −12.003 (−33.202 to 9.196) .26 1.594

Early morning awakenings, min 1 −0.726 (1.937) −2.857 (1.989) 2.130 (−3.376 to 7.637) .45 1.086

4 −2.699 (3.625) −7.705 (3.378) 5.006 (−4.860 to 14.873) .32 1.429

Time in bed, min 1 8.080 (11.035) 16.010 (11.358) −7.930 (−39.332 to 23.472) .62 0.708

4 −16.633 (12.985) 0.994 (12.502) −17.627 (−53.413 to 18.159) .33 1.383

Total sleep time, min 1 9.106 (10.636) 7.832 (10.861) 1.274 (−28.874 to 31.422) .93 0.119

4 −4.456 (12.967) 12.986 (12.379) −17.441 (−53.068 to 18.203) .33 1.376

Sleep efficiency, % 1 0.507 (1.227) −1.154 (1.258) 1.660 (−1.825 to 5.146) .35 1.336

4 2.256 (1.685) 2.394 (1.582) −0.138 (−4.738 to 4.462) .95 0.084

REM sleep, % 1 −4.266 (1.084) −5.069 (1.110) 0.803 (−2.274 to 3.880) .61 0.732

4 −3.480 (1.229) −5.398 (1.161) 1.918 (−1.448 to 5.283) .26 1.605

Non-REM sleep, % 1 4.258 (1.085) 5.056 (1.111) −0.798 (−3.878 to 2.282) .61 .727

4 3.477 (1.229) 5.384 (1.161) −1.907 (−5.274 to 1.460) .26 1.596

Arousal, No. of events 1 −3.891 (0.729) −3.971 (0.750) 0.080 (−1.993 to 2.154) .94 0.108

4 −5.854 (1.143) −5.226 (1.058) −0.628 (−3.732 to 2.476) .69 0.570

(continued)
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Similarly, a significantly greater improvement was found after CBTi-BEPM vs BEPM only from
baseline to all postintervention time points for the Dysfunctional Beliefs and Attitudes About Sleep
questionnaire, the Pittsburgh Sleep Quality Index, and the Brugmann Fatigue Scale (very large effects
for all analyses). For the Depressive Symptom subscale of the Hospital Anxiety and Depression Rating
Scale, CBTi-BEPM showed a significantly greater improvement from baseline to directly after
treatment (MGD: 1.093 points; 95% CI, 0.050-2.135; very large effect) as well as to 6-month
follow-up (MGD: 1.283 points; 95% CI, 0.213-2.354; very large effect) compared with BEPM only.
Changes in depression exceeded the MCID of 1.7 points. However, initial levels at baseline decreased
beneath the threshold of 7 of 21, which typically denotes the presence of depressive symptoms. All
other outcomes showed no significant group differences.

Table 4. Clinical Effectiveness Outcomes: Sleep, Psychiatric, and Physical Activity (continued)

Outcomea
Change
time pointb

Estimated margin, mean (SE) Mean group difference (95% CI) P value
Effect size,
Cohen d

CBTi-BEPM (n = 61) BEPM (n = 62)

Other secondary outcomes

SF-36

Mental 1 −43.725 (10.162) −33.151 (10.162) −10.574 (−39.065 to 17.917) .46 1.041

2 −51.019 (10.642) −36.769 (10.642) −14.250 (−44.087 to 15.587) .35 1.339

3 −42.491 (9.906) −27.182 (9.732) −15.309 (−42.848 to 12.230) .27 1.559

4 −37.722 (10.522) −33.979 (10.239) −3.743 (−32.880 to 25.395) .80 .361

Physical 1 −73.796 (9.964) −56.620 (9.964) −17.176 (−45.113 to 10.762) .23 1.724

2 −69.398 (10.735) −51.481 (10.735) −17.917 (−48.016 to 12.183) .24 1.669

3 −60.811 (10.072) −43.889 (9.833) −16.922 (−44.771 to 10.927) .23 1.700

4 −73.935 (9.421) −48.990 (9.193) −24.945 (−51.044 to 1.155) .06 2.680

Hospital Anxiety and Depression Scale

Anxiety 1 2.519 (0.419) 1.741 (0.419) 0.778 (−0.396 to 1.952) .19 1.857

2 2.315 (0.463) 2.000 (0.463) 0.315 (−0.984 to 1.613) .63 0.680

3 2.549 (0.492) 1.222 (0.485) 1.326 (−0.044 to 2.697) .06 2.714

4 2.604 (0.444) 1.686 (0.432) 0.918 (−0.311 to 2.148) .14 2.096

Depression 1 2.259 (0.372) 1.167 (0.372) 1.093 (0.050 to 2.135) .04 2.935

2 2.148 (0.400) 1.037 (0.400) 1.111 (−0.010 to 2.232) .05 2.778

3 2.006 (0.384) 0.722 (0.380) 1.283 (.213 to 2.354) .02 3.361

4 2.291 (0.215) 1.336 (0.406) 0.955 (−0.196 to 2.106) .10 2.938

Physical activity, %

Sedentary 1 −1.092 (0.894) −0.006 (0.908) 1.086 (−1.443 to 3.615) .40 .00007

4 −0.746 (1.017) −0.192 (1.015) 0.553 (−2.307 to 3.414) .70 .009

Light 1 0.686 (0.823) 0.693 (0.838) 0.007 (−2.324 to 2.338) .99 .129

4 0.222 (0.880) −0.004 (0.880) −0.226 (−2.705 to 2.254) 0.86 .0004

Moderate 1 0.421 (0.423) −0.664 (0.427) −1.085 (−2.277 to 0.108) 0.07 .022

4 0.507 (0.392) 0.223 (0.390) −0.284 (−1.384 to 0.816) 0.61 .158

Moderate/vigorous 1 0.421 (0.423) −0.664 (0.427) −1.085 (−2.277 to 0.108) .07 0.022

4 0.507 (0.392) 0.223 (0.390) −0.284 (−1.384 to 0.816) .61 0.158

Step count 1 456.670 (349.893) −230.904 (352.699) −687.574 (−1673.244 to 298.096) .20 1.822

4 124.221 (337.101) 504.398 (335.763) 380.177 (−565.523 to 1325.877) .43 1.103

Abbreviations: BEPM, best-evidence pain management; CBTi-BEPM, cognitive
behavioral therapy for insomnia integrated in BEPM; DBAS, Dysfunctional Beliefs and
Attitudes About Sleep; PSG, polysomnography; REM, rapid eye movement; SF-36,
36-item Short-Form Health Survey.
a Scoring scales for the tests are reported in the Table 1 footnotes.

b Change 1 = baseline – time point 1 (immediate post-intervention); change 2 = baseline
– time point 2 (3 months post-intervention); change 3 = baseline – time point 3
(6 months postintervention); change 4 = baseline – time point 4 (12 months
postintervention, primary end point).
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No serious adverse events were reported. One participant developed a cervical disc herniation,
which led to an increase in primary nociceptive pain, and the patient discontinued the trial.

Sensitivity Analysis
Comprehensive results of the sensitivity analysis (ie, adjusted for baseline pain and insomnia levels)
are provided in eTable 4 in Supplement 2 with 2 notable findings. First, the previously observed
significant difference favoring CBTi-BEPM over the control group in pain interference (BPI) from
baseline to 3-month follow-up was no longer evident (MGD, 0.555; 95% CI, 1.280-0.170; P = .13).
Additionally, for the Brugmann Fatigue Scale physical dimension—across all time points, except for
the change from baseline to 6-month follow-up (MGD, 0.929; 95% CI, 1.759-0.099; P = .03)—the
previously noted significant difference in favor of the CBTi-BEPM group was no longer present (MGD
range, 0.388-0.658; P < .09).

Regarding the second sensitivity analysis (ie, baseline difference between dropout and no
dropout), except for age (with a slightly younger age in the dropout group) no significant baseline
differences were found. eTable 5 in Supplement 2 presents detailed results.

Discussion

Our hypothesis that CBTi-BEPM in patients with nCSP and insomnia would lead to larger
improvements in mean pain intensity at 12-month follow-up, compared with BEPM only, was not
confirmed. This finding aligns with trials evaluating the efficacy of CBTi in other pain
populations.19,51-54 These results may stem from including the BEPM-only treatment as a control
intervention, which offers high-quality, individualized care and substantial pain relief across a wider
nCSP population.50,55 The relatively smaller improvements observed for CBTi-BEPM vs BEPM only
are therefore not an indication of an ineffective therapy. Both intervention groups did not receive
equal dosing of BEPM (9 vs 15 sessions). It is possible that the minimal group differences for mean
pain intensity were the result of this different dosing in active pain treatment. It is noteworthy that
pain outcomes did not differ significantly among patients with nCSP and insomnia in the integrated
group receiving a reduced dose of BEPM, although some methodologic aspects warrant
consideration when seeking to clarify these relatively minor differences in mean pain intensity. The
selected primary outcome, mean pain intensity in the last 24 hours (BPI), might not be entirely fit for
the sleep-pain association. A single 24-hour measurement of mean pain intensity may inadequately
capture the effects of insomnia symptom changes and could be highly sensitive to proximal events.
Assessing pain outcomes over a 1- to 2-week period concurrent with sleep measures could offer more
valid evaluation of their association, potentially yielding different pain-related results. Additionally,
including participants with higher baseline average pain levels might have led to different outcomes
at 12-month follow-up. Our pain intensity findings suggest susceptibility to floor effects, given the
relatively low baseline mean score and the requisite 30% change for clinical significance.

On a preliminary basis, CBTi-BEPM was, consistently over the different time points and different
analyses, more effective than BEPM only for improving insomnia severity, sleep quality, and
unhelpful beliefs about sleep, which is in line with similar research in other pain populations.19,51-54 At
12-month follow-up, the CBTi-BEPT group also decreased below the threshold for clinical insomnia,
which was not seen in the BEPM-only group. This is noteworthy because insomnia has a strong
negative effect on QOL and is further predictive of neurologic, immune, and cardiovascular disorders.
Also preliminary, CBTi-BEPM was more effective in improving depressive symptoms, again in line
with other research in different pain populations.53,54

We found no effects on PSG sleep outcomes, indicating that CBTi has an added value to impact
subjective but not objective sleep. Yet, this study only assessed PSG outcomes of sleep quantity and
sleep macroarchitecture, and methodologic considerations (ie, only 1 night of assessment) might also
clarify the nonsignificant results in PSG. In the context of the highly variable nature of sleep, future
research might consider measuring sleep over an extended period, which will likely offer a more
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ecologically valid assessment by capturing the natural sleep fluctuations over time. Reliable
contemporary electroencephalogram sleep monitoring devices that are less invasive than PSG and
easily applicable for at-home recording over multiple nights are accessible.56,57 As such, future
in-depth assessments at microarchitecture level (eg, electroencephalogram spectral power analysis,
analysis of cyclic alternating patterns) might lead to different outcomes when comparing CBTi-
BEPM with BEMP-only.

In addition, objective PSG outcomes show that only the borderline diagnostic cutoff for
insomnia was reached for waking after sleep onset, while the duration of objective sleep-onset
latency and early-morning awakenings was minimally affected in both groups (<17 minutes).
Including participants with significant levels of clinical insomnia as measured by PSG might lead to
different results for the sleep outcomes. However, given the favorable outcomes of CBTi-BEPM on
self-reported sleep, this intervention is certainly advised in persons with mild or subclinical insomnia.

Clinical Interpretation of Response
Given the detrimental effects of insomnia,11 clinical implementation of CBTi-BEPM is advised even in
the absence of an overall large additional effect on pain intensity. While no statistically significant
differences were observed, interpreting the results within a clinical context considering meaningful
within-group changes leads to several observations. First, for BPI mean pain intensity at 12-month
follow-up (primary end point), the percent within-group change was clinically relevant for CBTi-
BEPM (−40%), but not for BEPM only (−23%).25 Moreover, CBTi-BEPM resulted in a treatment
response for BPI average pain with an NNT of 4 observed over a period of 12 months. Furthermore,
for BPI pain severity and pain intensity now, only the percent within-group change of the CBTi-BEMP
group exceeded the MCID (severity: −33%, pain intensity: 39% in CBTi-BEPM vs severity: −24%, pain
intensity: 27% in BEPM only at 12-month follow-up). Regarding BPI least pain intensity and pressure
pain threshold, both groups exceeded the MCID, which underscores the effectiveness of BEPM, and
suggests that it extends to the highly disabled nCSP subgroup with insomnia.

Within-group changes in insomnia severity and sleep quality held clinical significance solely
within the CBTi-BEPM group. The CBTi-BEPM intervention showed higher rates of people with
response and remission for insomnia severity both immediately after treatment and at the 12-month
mark. Directly after treatment, CBTi-BEPM showed a 79.6% response rate and 90.1% remission rate,
compared with a 37% response rate and 70.4% remission rate in the BEPM-only group. Moreover,
the NNT for achieving insomnia remission with CBTi-BEPM was 5 directly after treatment and 12 at
12-month follow-up, while for treatment responders, the NNT was 2 directly after treatment and 4 at
12-month follow-up. Concerning depressive symptoms, both groups consistently scored below the
7-point threshold on the Hospital Anxiety and Depression Rating Scale–Depressive symptoms
subscale across all postintervention time points. However, it was observed that only the CBTi-BEPM
group exceeded the MCID at all follow-up assessments. Specifically for anxiety, assessed using the
same questionnaire, both intervention groups exceeded the MCID after intervention, which was
sustained at long-term follow-up (ie, 1.7-point decrease). Nevertheless, only the CBTi-BEPM group
decreased below the cutoff level (ie, 7 of 21).41,42

Strengths and Limitations
This study has several strengths. To our knowledge, this is the first triple-blind, multicenter, fully
powered randomized clinical trial examining the treatment effects of CBTi-BEPM in patients with
nCSP and insomnia, with an a priori published trial50 and intervention46 protocol and long-term
follow-up. Participants were objectively screened via PSG on underlying intrinsic sleep disorders. The
trial used BEPM as a high-quality control intervention within balanced treatment arms and therapists
provided either the experimental or control treatment to minimize nonspecific treatment effects
and optimize external validity. The number of sessions complied with standard Belgian physical
therapy reimbursement, facilitating implementation. Treatment fidelity was verified during follow-up
refresher sessions to avoid therapy drift. Moreover, therapeutic alliance was checked twice during
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the intervention period (after weeks 2 and 8), using an online questionnaire. Since both interventions
include person-centered approaches, self-management strategies, individual goal setting, and
adaptations based on level of behavioral change as key elements, adherence to the personalized
treatment plan was closely monitored by the therapists. Additionally, sleep diaries tracked adherence
the CBTi in the experimental group.

Some limitations should be considered. Persons with obesity or depression were excluded,
resulting in a specific subsample of the population, limiting generalizability. The data analysis
encompassed a substantial number of outcomes (ranging from 2 to 4 time points depending on the
outcome and 34 outcomes). Yet, it did not implement correction for multiple comparison, a decision
grounded in consideration of the sample size and the prioritization of minimizing type II errors.
Consequently, significant results should be interpreted with caution, which led to our emphasis on
patterns and magnitudes of effects, transcending mere statistical significance. Given the nature of
the intervention, the treating physiotherapists were not blinded. However, assessors and
statisticians were blinded. In addition, COVID-19 and technical issues resulted in missing data.
However, the 20% expected dropout rate embedded in the sample size analysis was not exceeded.

Conclusions

In this randomized clinical trial, CBTi-BEPM showed no statistically significant effect on mean pain
intensity (primary outcome). Yet, on a preliminary basis, CBTi-BEPM led to improving insomnia
severity, sleep quality, beliefs about sleep, depressive symptoms, and physical fatigue. Changes in
insomnia severity and sleep quality were clinically meaningful. Given the detrimental effects of
insomnia on daytime functioning and QOL, CBTi should be integrated in BEPM for patients with nCSP
and insomnia.
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