Article

Effectiveness of Digital Cognitive Behavioural
Li Zhu!-* Therapy (dCBT) for Co-Occurring Anxiety,
Y i il . . . .
P n Depression and Chronic Pain in Adults: A
Henan Wu! Systematic Review and Meta-Analysis
IPsychosomatic Department, Zhoushan Second People’s Hospital, 316000 Zhoushan, Zhejiang, China
p < 0.00001; 12 = 37%).
Conclusions: dCBT effectively improves depressive
symptoms, anxiety symptoms, and pain interference in pa-
Abstract tients with co-occurring chronic pain, anxiety and depres-

Background: This study aimed to evaluate the effec-
tiveness of digital cognitive behavioural therapy (dCBT) in
reducing pain intensity, pain interference, depression, and
anxiety symptoms in adults with co-occurring chronic pain,
anxiety and depression.

Methods: We systematically searched in PubMed,
PsycINFO, Cochrane Library and Web of Science for ran-
domized controlled trials (RCTs) published up to Octo-
ber 2025. Included studies comparing dCBT with con-
trol conditions in adults with chronic pain (>3 months),
co-occurring anxiety and depression. Primary outcomes
were pain intensity and depressive symptoms. Secondary
outcomes were pain interference and anxiety symptoms.
Pooled standardized mean difference (Hedges’ g) were cal-
culated using fixed-effects or random-effects models de-
pending on heterogeneity.

Results: We included 6 RCTs involving 737 partici-
pants with chronic pain, co-occurring anxiety and depres-
sion. Compared with control groups, dCBT did not signif-
icantly reduce pain intensity (g = —0.43, 95% confidence
interval (CI) [-0.98, 0.11], p = 0.12; 12 = 91%)), but it sig-
nificantly reduced depressive symptoms (g=-0.51, 95% CI
[-0.66, —0.36], p < 0.00001; 12 = 35%), pain interference
(g =-0.70, 95% CI [-1.18, -0.21], p = 0.005; 12 = 89%),
and anxiety symptoms (g = —0.59, 95% CI [-0.74, —0.44],
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sion, but its direct effect on pain intensity did not reach sta-
tistical significance in this meta-analysis. dCBT is conve-
nient and scalable, with confirmed efficacy in emotional
and functional domains, making it a valuable adjunctive
treatment option. Future research should investigate its true
effect on pain intensity, long-term outcomes and personal-
ized treatment approaches.
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Introduction

Chronic pain, defined as pain lasting or recurring for
more than three months, is a leading cause of disability
worldwide, affecting an estimated 20% of the adult popu-
lation [1]. Beyond its sensory dimension, chronic pain is a
complex biopsychosocial experience that frequently coex-
ists with anxiety and depression [2]. The prevalence of de-
pressive and anxiety disorders in patients with chronic pain
is approximately 40% [3]. This co-occurrence is bidirec-
tional and synergistic: pain exacerbates anxiety and depres-
sion, while depression and anxiety can lower pain thresh-
olds, amplify pain perception, and impede functional recov-
ery through mechanisms (e.g., fear-avoidance and catas-
trophizing) [4,5]. Co-occurring conditions create bidirec-
tional pathophysiological mechanisms—including ampli-
fied neuroinflammatory processes, shared genetic vulner-
abilities, and reciprocal reinforcement of pain catastrophiz-
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ing and negative affect—necessitating targeted intervention
approaches [6]. This integrated management is supported
by recent clinical guidelines emphasizing the need to ad-
dress psychological distress to achieve sustainable pain re-
duction [7,8].

Cognitive behavioural therapy (CBT) is the gold-
standard psychological treatment for chronic pain, anxiety
and depression. It targets maladaptive thoughts, emotions
and behaviours that perpetuate the cycle of pain and dis-
tress [9]. However, access to face-to-face CBT is limited
by marked barriers, including high costs, geographical con-
straints, long waiting lists, and stigma associated with men-
tal health treatment.

Digital cognitive behavioural therapy (dCBT), deliv-
ered via web platforms or mobile applications, has emerged
as a promising solution to overcome these barriers [10]. By
offering structured, evidence-based content in an accessi-
ble and flexible format, dCBT has the potential to democra-
tize access to care. Separate meta-analyses have established
the efficacy of dCBT for chronic pain [11], depression and
anxiety disorders [12,13] individually. However, those re-
views excluded populations with co-occurring conditions
or combined heterogeneous samples, limiting conclusions
about this high-need subgroup.

Despite this progress, a critical gap remains in under-
standing the synthesized effect of dCBT specifically for the
co-occurring of chronic pain, anxiety and depression. Pa-
tients with this co-occurrence often have more severe symp-
toms and poorer treatment outcomes. An intervention that
can simultaneously target both domains is therefore of high
clinical importance. This meta-analysis aimed to fill this
gap by synthesizing evidence from randomized controlled
trials (RCTs) to determine the effectiveness of dCBT in re-
ducing co-occurring pain-related outcomes and symptoms
of depression and anxiety. To our knowledge, this is the
first meta-analysis to specifically examine dCBT for co-
occurring chronic pain, anxiety and depression, addressing
a critical gap between separate pain and mental health liter-
atures. By integrating RCT data, we provided evidence for
dCBT as a scalable, integrated treatment approach.

Methods

This meta-analysis was conducted and reported in ac-
cordance with the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2020 state-
ment (Presented as supplementary materials).
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Search Strategy

We systematically searched PubMed, PsycINFO, the
Cochrane Central Register of Controlled Trials, and Web
of Science from inception to 31 October 2025. The search
strategy combined keywords and MeSH terms related to the
intervention (e.g., “cognitive behavioral therapy”, “internet
based intervention”), the population (e.g., “chronic pain”,
“fibromyalgia”, “back pain”) and the co-occurring condi-
tions (e.g., “depression”, “anxiety”, “emotional distress”).
Reference lists of included studies and relevant reviews
were also manually screened. No eligible studies were iden-
tified before 2010, consistent with the emergence of dCBT
interventions during this period. The search was restricted
to English-language publications; grey literature (e.g., con-
ference abstracts, unpublished trials) was not included due
to resource constraints, which may introduce language and

publication bias.

Inclusion and Exclusion Criteria

Studies were included if they met the following crite-
ria:

(1) Participants: Adults (>18 years) with a primary
diagnosis of chronic pain (duration >3 months) and co-
occurring clinical or elevated symptoms of anxiety and de-
pression. Elevated symptoms were defined as scores >1.5
standard deviations above normative means on validated
measures or clinical diagnoses confirmed via structured in-
terviews (e.g., Patient Health Questionnaire-9 >10 for de-
pression [14], Generalized Anxiety Disorder-7 >8 for anx-
iety [15], or Hospital Anxiety and Depression Scale >8 for
combined anxiety and depression [16]).

(2) Intervention: A dCBT program, defined as a struc-
tured psychological intervention based on CBT principles
delivered primarily via the internet or a mobile application.
Interventions could be guided (with therapist support) or
unguided.

(3) Comparator: Any control condition, including
waitlist control (WLC), treatment as usual (TAU), or an ac-
tive control (e.g., online education).

(4) Outcomes: At least one validated measure of pain
(e.g., pain intensity, pain interference) and at least one val-
idated measure of anxiety and depression (e.g., depression,
anxiety symptoms).

(5) Study Design: Published, peer-reviewed RCTs
with clearly defined intervention and control groups, re-
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porting post-intervention outcome data. Studies focusing
solely on symptom measurement, qualitative data, or non-
randomized designs (e.g., cohort studies) were excluded.
Narrative reviews and face-to-face CBT interventions were
excluded to maintain on primary digital interventions.

Data Extraction and Quality Assessment

Two independent reviewers screened titles, abstracts,
and full texts for eligibility. Disagreements were resolved
by a third reviewer. Inter-rater reliability was excellent (Co-
hen’s kappa = 0.86 for eligibility screening, 0.92 for data
extraction). A standardized data extraction form was used
to collect information on study characteristics (e.g., author,
year, country), participant demographics, pain condition,
intervention and comparator details and outcome measures.

The methodological quality of included RCTs was as-
sessed using the Cochrane Risk of Bias 2 tool.

Statistical Analysis

The prespecified primary outcomes were post-
treatment assessments of pain intensity and depressive
symptom severity, whereas secondary outcomes consisted
of pain interference and anxiety symptom endpoints.
We calculated standardized mean difference (SMD) us-
ing Hedges’ g for each outcome, which is suitable for
combining results from different scales. Effect sizes
were interpreted as small (g = 0.20), medium (g = 0.50),
or large (g = 0.80) [17]. Heterogeneity was quantified
using the I? statistic, with values of 25%, 50%, and 75%
considered low, moderate, and high, respectively [18]. A
fixed-effects model was used for pooling when 12 < 50%,
and a random-effects model when IZ > 50%. All analyses
were conducted using Review Manager Version 5.4 (The
Cochrane Collaboration, London, UK).

Results
Study Selection

The initial search identified 571 records. After dupli-
cate removal, 113 unique citations proceeded to title and
abstract screening. Of these, 50 were excluded at this
stage: 32 publications were irrelevant to dCBT or the target
co-occurring phenotype, and 18 featured non-comparative
study designs, leaving 63 publications eligible for full-text
appraisal. After detailed full-text assessment, 57 studies
were excluded: absent validated assessment of anxiety and
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depression (n = 19), non-dCBT intervention components (n
= 12), inadequate extractable outcome metrics (n=17), and
failure to satisfy predefined eligibility benchmarks (n = 9).
Finally, 6 RCTs involving 737 participants met all inclu-
sion criteria and were included in the systematic review and
meta-analysis. The PRISMA flow diagram details the se-
lection process (Fig. 1).

Study Characteristics

The 6 eligible RCTs included in this meta-analysis
were published through October 2025 and involved a to-
tal of 737 participants (intervention: n = 364; control: n
= 373). The most common chronic pain conditions in-
cluded chronic back pain (n = 4), mixed chronic pain (n
=1) and fibromyalgia (n = 1). Most dCBT interventions (n
= 5) offered therapist guidance (e.g., weekly check-ins via
messaging or video calls), while 1 was unguided. Control
groups included waitlist control (n = 2), treatment as usual
(n = 1), online education (n = 1), and active controls such
as online forums (n = 2). The intervention periods varied
from 6 to 12 weeks among the eligible RCTs [median = 8
weeks, Table 1 (Ref. [19-24])].

Risk of Bias Assessment

The methodological quality of the 6 RCTs was as-
sessed using the Cochrane Risk of Bias 2 tool (Table 2,
Ref. [19-24]). Regarding the randomization process, 5
studies [19-22,24] were rated as low risk, and 1 study [23]
raised some concerns. Due to the inability to blind partici-
pants and therapists to the behavioural interventions, for de-
viations from intended interventions, 4 studies [19-21,23]
were rated as having some concerns, while 2 studies [22,24]
were rated as low risk. In terms of outcome measurement
and selective reporting of results, all studies were rated as
low risk. Overall, 2 studies [22,24] were rated as low risk
of bias, and the remaining 4 studies were rated as having
some concerns.

Meta-Analysis Results

Pain Intensity

A total of 6 studies were included in the meta-analysis
for pain intensity, and a random-effects model was used for
pooling due to the high heterogeneity (I = 91%, Tau? =
0.42, Chi% = 58.54, df = 5, p < 0.00001). Compared with
control groups, the pooled effect size of dCBT on pain in-
tensity was g =—0.43 (95% confidence interval (CI) [-0.98,
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Fig. 1. The PRISMA flow diagram. dCBT, digital cognitive behavioural therapy; CBT, cognitive behavioural therapy.

Table 1. Characteristics of included studies.

Author (Year) Population/Pain condition N (I/C) Intervention (dCBT)  Guidance = Comparator ~ Duration
Dear et al. [19] (2013) Mixed chronic pain 60 (30/30) Pain course Guided WLC 8 weeks
Buhrman et al. [20] (2013)  Chronic pain 76 (38/38) ACT-based iCBT Guided Forum 7 weeks
Chiauzzi et al. [21](2010)  Chronic back pain 199 (95/104)  painACTION Unguided  Education 6 weeks
Serrat et al. [22] (2021) Fibromyalgia 272 (135/137) FIBROWALK Guided TAU 12 weeks
Schlicker et al. [23] (2020)  Chronic back pain 76 (40/36) Get.Back Guided WLC 9 weeks
Buhrman et al. [24] (2011)  Chronic back pain 54 (26/28) iCBT Guided Forum 12 weeks

dCBT, digital cognitive behavioural therapy; I/C, Intervention/Control; ACT, acceptance and commitment therapy; iCBT, internet-based CBT;

TAU, treatment as usual; WLC, waitlist control.

Table 2. Risk of bias summary for RCTs.
Study (Year) DI D2 D3 D4 DS Overall

Dear et al. [19] (2013) Some concerns
Buhrman et al. [20] (2013)

L

L Some concerns
Chiauzzi et al. [21](2010) L

L

S

Some concerns
Serrat et al. [22] (2021) Low risk
Schlicker et al. [23] (2020)
Buhrman et al. [24] (2011) L L L L L Low risk

D1: Bias arising from the randomization process; D2: Bias due to deviations from

» o o ®n
|Sni eal 72 B el &
|oni ol o e &
|Sni oal o S

Some concerns

intended interventions; D3: Bias due to missing outcome data; D4: Bias in measure-
ment of the outcome; D5: Bias in selection of the reported result; L: Low risk; S:

Some concerns.
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Experimental Control
tudy or Subgrou, Mean SD Total Mean D Total Weight
Buhrman 2011 315 22 26 335 26 28 15.8%
Buhrman 2013 43 1.04 38 4.29 1 38 16.5%
Chiauzzi 2010 513 0.2 95 535 0.19 104 17.6%
Dear 2013 468 1.7 30 5.81 1.85 30 15.9%
Schlicker 2020 4.68 1.86 40 381 1.76 36 16.4%
Serrat 2021 6.33 198 135 8.09 098 137 17.8%
Total (95% CI) 364 373 100.0%

Heterogeneity: Tau? = 0.42; Chi? = 58.54, df = 5 (P < 0.00001); I = 91%
Test for overall effect: Z = 1.55 (P = 0.12)

Std. Mean Difference
IV, Random, 95% Cl

Std. Mean Difference
IV. Random, 95% CI

-0.08 [-0.62, 0.45] -

0.01 [-0.44, 0.46] -
-1.12[-1.42, -0.83] -
-0.63 [-1.15, -0.11] —

0.47[0.02, 0.93] —
-1.13[-1.38, -0.87] -
-0.43 [0.98, 0.11] -

4 2 0 2 4

Favours [experimental] Favours [control]

Fig. 2. Forest plot for pain intensity. CI, confidence interval; SD, standard deviation.

Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference

Std. Mean Difference
IV, Fixed, 95% CI

Buhrman 2011 49 36 26 63 52 28  7.5%
Buhrman 2013 885 4.4 38 10.52 3.77 38 10.5%
Chiauzzi 2010 11.15 1.08 95 11.44 098 104 27.8%
Dear 2013 7.55 5.54 30 11.32 5.93 30 8.0%
Schlicker 2020 2566 8.48 40 28.91 6.38 36 10.4%
Serrat 2021 9.7 496 135 13.01 3.62 137 35.8%
Total (95% CI) 364 373 100.0%

Heterogeneity: Chiz = 7.74, df =5 (P = 0.17); I? = 35%
Test for overall effect: Z=6.81 (P < 0.00001)

-0.28 [-0.56, -0.00]
-0.65[-1.17,-0.13]

-0.76 [-1.01, -0.51]

-0.51 [-0.66, -0.36] ¢

IV, Fixed, 95% CI
-0.31[-0.84, 0.23] B
-0.40 [-0.86, 0.05]

-0.43 [-0.88, 0.03]

-4 -2 0 2 4
Favours [experimental] Favours [control]

Fig. 3. Forest plot for depressive symptoms. CI, confidence interval; SD, standard deviation.

0.11]), indicating a small-to-medium trend toward improve-
ment, but the difference was not statistically significant (Z
=1.55,p=0.12, Fig. 2).

Depressive Symptoms

A total of 6 studies were included in the meta-analysis
for depressive symptoms, and a fixed-effects model was
used for pooling due to the low heterogeneity (I = 35%,
Tau? = 0, Chi? = 7.74, df = 5, p = 0.17). Compared with
control groups, the pooled effect size of dCBT on depres-
sive symptoms was g =—0.51 (95% CI [-0.66, —0.36]), in-
dicating a moderate improvement, and the difference was
statistically significant (Z = 6.81, p < 0.00001, Fig. 3).

Pain Interference

A total of 6 studies were included in the meta-analysis
for pain interference, and a random-effects model was used
for pooling due to the high heterogeneity (I = 89%, Tau?
=0.32, Chi%? =44.50, df= 5, p < 0.00001). Compared with
control groups, the pooled effect size of dCBT on pain inter-
ference was g =—0.70 (95% CI [-1.18,-0.21]), indicating a
moderate improvement, and the difference was statistically
significant (Z =2.82, p = 0.005, Fig. 4).
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Anxiety Symptoms

A total of 6 studies were included in the meta-analysis
for anxiety symptoms, and a fixed-effects model was used
for pooling due to the low heterogeneity (I? = 37%, Tau? =
0, Chi%2 = 7.98, df = 5, p = 0.16). Compared with control
groups, the pooled effect size of dCBT on anxiety symp-
toms was g = —0.59 (95% CI [-0.74, —0.44]), indicating a
moderate improvement, and the difference was statistically
significant (Z = 7.80, p < 0.00001, Fig. 5).

Publication Bias

Publication bias was assessed using Egger’s and
Begg’s tests for each of the four outcomes (Table 3). Be-
cause each meta-analysis included only 6 studies, these
statistical tests have limited power; therefore, the results
should be interpreted with caution, and no definitive con-
clusion regarding the absence of publication bias can be
drawn. A funnel plot for the primary outcome (depressive
symptoms) is presented as an example (Fig. 6). For the re-
maining outcomes, funnel plots are not shown individually
because, with fewer than ten studies, visual asymmetry tests
are unreliable and would not provide meaningful additional
information.
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Study or Subgroup

Buhrman 2011
Buhrman 2013
Chiauzzi 2010
Dear 2013
Schlicker 2020
Serrat 2021

Total (95% ClI)

Test for overall effect: Z = 2.82 (P = 0.005)

Buhrman 2011
Buhrman 2013

Chiauzzi 2010
Dear 2013

Schlicker 2020

Serrat 2021

Total (95% CI)

Experimental Control Std. Mean Difference Std. Mean Difference
Mean SD Total Mean SD Total Weight IV. Random. 95% Cl IV. Random. 95% CI
32 14 26 35 1.2 28 15.5% -0.23[-0.76, 0.31] -
437 1.09 38 494 093 38 16.4% -0.56 [-1.02, -0.10] -
47 0.29 95 5.03 026 104 17.9% -1.20 [-1.50, -0.89] =
10.1  5.23 30 14.77 533 30 15.6% -0.87 [-1.40, -0.34] -
28.26 16.29 40 2556 16.52 36 16.5% 0.16 [-0.29, 0.61] I
58.58 19.91 135 79.77 972 137 18.2% -1.35[-1.62, -1.09] -
364 373 100.0%  -0.70 [-1.18, -0.21] >
s 2 = - Chi2 = s .12 = 809, t + t t
Heterogeneity: Tau? = 0.32; Chi? = 44.50, df = 5 (P < 0.00001); I> = 89% o B 0 2 4
Favours [experimental] Favours [control]
Fig. 4. Forest plot for pain interference. CI, confidence interval; SD, standard deviation.
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl 1V, Fixed, 95% CI
58 35 26 g 6 28  7.6% -0.24 [-0.77, 0.30] e
8.97 4.33 38 967 35 38 10.8% -0.18 [-0.63, 0.27] -
7.72 0.98 95 842 0.89 104 26.4% -0.75 [-1.03, -0.46] -
7.23 476 30 9.03 4.78 30 84% -0.37 [-0.88, 0.14] i
9.34 343 40 11.2 3.1 36 10.4% -0.56 [-1.02, -0.10] -
11.09 4.72 135 14.23 3.83 137 36.3% -0.73[-0.97, -0.48] -
364 373 100.0% -0.59 [-0.74, -0.44] ’
o hi2 = = = 12 = 370, f + t t
Heterogeneity: Chi? = 7.98, df =5 (P = 0.16); 1> =37% M 5 0 5 4

Test for overall effect: Z = 7.80 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 5. Forest plot for anxiety symptoms. CI, confidence interval; SD, standard deviation.

Table 3. Publication bias test results.

Outcome

Egger’s test (p-value)

Begg’s test (p-value)

Interpretation (interpret with caution due to small number of studies)

Pain intensity
Depression
Pain interference

Anxiety

0.12
0.09
0.18
0.14

0.15
0.11
0.20
0.16

Non-significant, but test underpowered (k = 6)

Non-significant, but test underpowered (k = 6)

Non-significant, but test underpowered (k = 6)

Non-significant, but test underpowered (k = 6)

With only 6 studies per outcome, Egger’s and Begg’s tests have low statistical power. The p-values are provided for completeness but should not

be interpreted as evidence for or against publication bias.

o SE(SMD) \
H
i
0.11 f
oI
e
CoN
0.27 Do
I <
[ Qo
0.37 h ! i
| ! \
h ! \
0.47 i l '
h ' \
/ ! \
/ ' \
05 + — [ ' ,__SMD
) -4 -2 0 2 4

Fig. 6. Funnel plot for depression. SE, standard error; SMD, standardized mean difference. Funnel plot of standard error by Hedges’
g for depression. Each dot represents one of the 6 included studies. The vertical line indicates the pooled effect size. With fewer than
10 studies, tests for funnel plot asymmetry (e.g., Egger’s test) have low power; therefore, this plot should not be used to conclude the

absence of publication bias.
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Discussion

This systematic review and meta-analysis provides
comprehensive evidence for the effectiveness of dCBT in
adults with co-occurring chronic pain, anxiety and depres-
sion. These findings showed that dCBT did not signifi-
cantly reduce pain intensity (g =-0.43, p=0.12), but it sig-
nificantly improved depressive symptoms (g =—0.51, p <
0.00001), anxiety symptoms (g =—-0.59, p < 0.00001), and
pain interference (g =—0.70, p = 0.005), with moderate ef-
fect sizes. These findings align with prior analyses demon-
strating the efficacy of digital interventions for chronic pain
[25-27], but extend them by specifically focusing on co-
occurring anxiety and depression—a critical gap addressed
by few previous reviews. Notably, in this population with
co-occurring conditions, dCBT showed clear benefits on
emotional and functional dimensions (pain interference),
whereas the direct improvement on the sensory dimension
of pain intensity did not reach statistical significance. These
results underscore the promise of dCBT as an accessible
component of holistic pain management, but suggest that in
the context of co-occurrence, the effects of dCBT may be
more evident in cognitive-emotional regulation and func-
tional recovery than in direct analgesia.

For the significant outcomes, effect sizes (depression
g =-0.51, anxiety g = —0.59, pain interference g = —0.70)
are consistent with benchmarks for clinical significance in
chronic pain research and comparable to those of face-to-
face CBT (median effect size = 0.5) [28]. Notably, the ef-
fect size for pain interference reached a moderate-to-large
level (g = —0.70), exceeding the minimal clinically impor-
tant difference threshold (approximately 0.5 standard devi-
ation) for patient-reported pain interference improvement,
indicating a clinically meaningful enhancement in func-
tional abilities [29]. For the non-significant pain intensity
outcome, although g =—0.43 did not reach statistical signif-
icance, its point estimate was close to a small-to-medium
effect, suggesting possible Type I error or limitations due
to sample size and heterogeneity of the included studies.

Regarding heterogeneity, fixed-effects models were
used for depression and anxiety outcomes (I> < 50%),
while random-effects models were used for pain intensity
and pain interference (I > 50%), indicating high level of
heterogeneity for the latter two outcomes. Potential con-
tributors include variations in target pain conditions (e.g.,
fibromyalgia vs. back pain), intervention components (e.g.,
specific CBT techniques, inclusion of acceptance and com-
mitment therapy elements, mindfulness), level of therapist
guidance (guided vs. unguided), program duration (6—12
weeks), and the nature of the control groups (waitlist vs.
active control). The non-significant pooled result for pain
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intensity, along with its high heterogeneity, may be related
to differences in pain scales used across studies and their
assessment time windows. Consequently, the pooled esti-
mates for pain outcomes should be interpreted with con-
siderable caution. Future subgroup analyses with larger
numbers of studies are needed to disentangle these effects
and identify optimal intervention characteristics and patient
profiles. The focus on the highly prevalent and burdensome
co-occurrence of chronic pain, anxiety and depression ad-
dresses a critical clinical need.

This study has several limitations. Firstly, although
we included 2 studies rated as low risk of bias and 4 studies
with some concerns, the relatively small number of stud-
ies precluded robust subgroup analyses to explore specific
moderators such as pain type or platform design. The four
studies with “some concerns” under Cochrane RoB 2.0 in-
dicate potential bias in the domain of deviations from in-
tended interventions, which may affect the reliability of the
pooled estimates. Secondly, because each meta-analysis in-
cluded only 6 studies, the publication bias analyses (Egger’s
and Begg’s tests, funnel plot) have low statistical power.
Therefore, the non-significant p-values do not rule out the
presence of publication bias, and the funnel plot should be
interpreted with caution. Thirdly, there was moderate-to-
high heterogeneity for outcomes such as pain intensity and
pain interference, likely due to variations in intervention du-
ration and levels of therapist support. Fourthly, although
the included studies reported follow-up data for the inter-
vention group at 3 or 6 months, these data were derived
from within-group pre-post comparisons and lacked con-
current control group data, thus preventing their inclusion in
the meta-analysis. Moreover, none of the studies reported
long-term follow-up data beyond one year, which limits our
ability to evaluate the sustained long-term effects of dCBT
in the population with co-occurring anxiety and depression.
Fifthly, the non-significant result for pain intensity may also
be related to the limited sample size, suggesting that future
larger-scale RCTs are needed to confirm the true effect of
dCBT on pain intensity.

Clinically, although dCBT did not significantly reduce
pain intensity, it demonstrated clear and clinically relevant
benefits in reducing depression, anxiety, and pain interfer-
ence with daily life. Therefore, these findings strongly sup-
port the integration of dCBT into routine care pathways for
individuals with co-occurring chronic pain, anxiety and de-
pression. Its digital format enables broad accessibility, po-
sitioning it as a valuable tool for bridging treatment gaps,
shortening waiting lists, and delivering care in geographi-
cally remote regions. For patients with co-occurring anx-
iety and depression or pain-related functional limitations,
dCBT is particularly recommended as an initial interven-
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tion or adjunct in a stepped-care model.

Future research should prioritize longitudinal effec-
tiveness studies with extended follow-up periods (>6
months) to assess the durability of dCBT effects, partic-
ularly regarding the maintenance of co-occurring symp-
toms. Larger-scale RCTs are especially needed to clar-
ify the true effect of dCBT on pain intensity, as the cur-
rent meta-analysis showed a medium effect size trend that
did not reach statistical significance, possibly due to in-
sufficient statistical power. Additionally, head-to-head
comparative trials are needed to directly compare dCBT
with face-to-face CBT and alternative digital interven-
tions (e.g., mindfulness-based programs) among patients
with co-occurring conditions. Personalized intervention re-
search should investigate moderators of treatment response,
including baseline symptom severity, co-occurrence pro-
files, and digital literacy, to identify optimal candidates for
dCBT. Methodological advancements, including standard-
ized outcome measures and reporting of intervention proto-
cols, are essential to reduce heterogeneity in meta-analyses.
Cost-effectiveness analyses comparing guided versus un-
guided dCBT models will inform resource allocation and
healthcare policy. Adolescent-specific studies with ade-
quate sample sizes are warranted to evaluate dCBT efficacy
in this understudied population, with considering develop-
mental adaptations to intervention content. Finally, mech-
anistic studies exploring mediators of change (e.g., catas-
trophizing, fear-avoidance) will help refine dCBT compo-
nents for co-occurring pain, anxiety and depression, partic-
ularly in understanding why dCBT improves pain interfer-
ence more effectively than pain intensity.

Conclusions

dCBT is an effective and accessible intervention for
adults with co-occurring chronic pain, anxiety and depres-
sion. It demonstrates clear benefits in reducing depressive
symptoms, anxiety symptoms and pain interference, but the
direct effect on pain intensity did not reach statistical sig-
nificance in this meta-analysis. As healthcare systems in-
creasingly embrace digital solutions, dCBT stands out as a
promising and evidence-based approach, particularly suit-
able for improving anxiety, depression and functional lim-
itations in patients with co-occurring conditions, thereby
providing integrated care for this complex patient popula-
tion. Future large-scale RCTs are needed to clarify the true
effect of dCBT on pain intensity and to optimize interven-
tion protocols to enhance its analgesic effects.
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