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Abstract

Background: Chronic pain conditions involve numerous physical and psychological challenges, and while psychosocial
self-management interventions can be of benefit for people living with chronic pain, such in-person treatment is not always
accessible. Digital self-management approaches could improve this disparity, potentially bolstering outreach and providing easy,
relatively low-cost access to pain self-management interventions.

Objective: Thisrandomized controlled trial aimed to evaluate the short-term efficacy of EPIO (ie, inspired by the Greek goddess
for the soothing of pain, Epione), adigital self-management intervention, for people living with chronic pain.

Methods: Patients (N=266) were randomly assigned to either the EPIO intervention (n=132) or a care-as-usual control group
(n=134). Outcome measuresincluded pain interference (Brief Pain Inventory; primary outcome measure), anxiety and depression
(Hospital Anxiety and Depression Scale), self-regulatory fatigue (Self-Regulatory Fatigue 18 scale), health-related quality of life
(SF-36 Short Form Health Survey), pain catastrophizing (Pain Catastrophizing Scale), and pain acceptance (Chronic Pain
Acceptance Questionnaire). Linear regression models used change scores as the dependent variables.
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Results: The participants were primarily female (210/259, 81.1%), with a median age of 49 (range 22-78) years and a variety
of pain conditions. Analyses (n=229) after 3 months revealed no statistically significant changes for the primary outcome of pain
interference (P=.84), but significant reductions in the secondary outcomes of depression (mean difference —0.90; P=.03) and
self-regulatory fatigue (mean difference —2.76; P=.008) in favor of the intervention group. No other statistically significant
changes were observed at 3 months (all P>.05). Participants described EPIO as useful (ie, totally agree or agree; 95/109, 87.2%)
and easy to use (101/109, 92.7%), with easily understandabl e exercises (106/109, 97.2%).

Conclusions: Evidence-informed, user-centered digital pain self-management interventions such as EPIO may have the potential
to effectively support self-management and improve psychological functioning in the form of reduced symptoms of depression

and improved capacity to regulate thoughts, feelings, and behavior for people living with chronic pain.

Trial Registration:

(J Med Internet Res 2023;25:e47284) doi: 10.2196/47284

Clinical Trials.gov NCT03705104; https://clinicaltrials.gov/ct2/show/NCT03705104
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Introduction

Background

Chronic pain conditions are common and can be disabling and
distressing [1,2]. People living with chronic pain face daily
challenges related to symptom management, activities, roles,
and relationships, and coping with the emotional and sometimes
cognitive impact of pain can be taxing. The many demands of
living with chronic pain may also affect the ability to
self-regulate (ie, regulate thoughts, emotions, and behavior)
[3-5]. Given the complexity of chronic pain and living with
chronic pain, a multidisciplinary treatment approach for pain
management, aimed at supporting people in coping with
physiologica as well as psychological challenges, is
recommended [2,6,7].

Psychological treatment approaches such as cognitive behavioral
therapy (CBT) [8,9] and acceptance and commitment therapy
(ACT) [10,11] have shown to be beneficial for pain across
classification and pain etiology, with links to reductions in
symptoms of pain, distress, depression, and anxiety, aswell as
improved quality of life and pain acceptance [12,13].
Regrettably, such evidence-based in-person psychological
treatments are not always offered or accessible [7,14], with
barriers to treatment including availability, financial costs,
distance to treatment site, transportation issues, and personal
preferences [15,16]. The limited availability of in-person
psychologica interventions for chronic pain, combined with
individual barriers to engagement with such interventions,
highlights the need to expand the care and delivery of
psychosocial support for people living with chronic pain.

Digital solutions may have the potentia to improve outreach
and provide easy and relatively low-cost access to pain
self-management interventions [17,18]. Existing digital pain
self-management interventions have, for example, shown
promising results in meeting unfulfilled needs, supporting
psychologica well-being, and improving health-related quality
of life(HRQoL) [17-20]. However, there are several challenges
with the existing digital pain management programs. Most such
programs appear to focus on providing information about pain
and collecting and monitoring data (eg, tracking medication
use) and often lack atheoretical basis, such as evidence-based
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psychosocial interventional aspects [21,22]. Many existing
digital interventions for pain self-management also lack
user-centeredness, with the limited involvement of end users
(ie, people with chronic pain) and health care providersin the
development process [21,23,24]. In addition, attrition has
surfaced as a serious chalenge with digital interventions,
highlighting the need for waysto bol ster intervention adherence
when designing and developing these interventions [25,26].
Finally, rigorous efficacy testing to establish efficacy appears
to be scarce in the existing digital pain self-management
interventions[17,27], with subsequent limited evidence of actual
implementation into clinical care after study completion [22,28].

In response to the identified limitations in existing digital pain
self-management interventions, we designed, developed, and
feasibility pilot-tested EPIO (ie, inspired by the Greek goddess
for the soothing of pain, Epione), adigital pain self-management
intervention aimed at supporting patients living with chronic
pain [29-33]. Although the type, form, and intensity of pain
may differ depending on the condition and diagnosis (eg, neck
or back pain, fibromyalgia, or trigeminal neuralgia) and other
individual factors, EPIO was devel oped aiming to target chronic
painingeneral (ie, across pain classification and etiol ogy) based
on user input and the CBT- and ACT-based treatment
approaches for people living with chronic pain. The EPIO
intervention was designed and devel oped in close collaboration
with researchers, eHealth experts, end users, and health care
providers [29-31].

In line with recommendations from the Medical Research
Council (MRC) framework for the evaluation of complex
interventions [34,35], a feasibility pilot study was conducted,
identifying EPIO as useful and easy to use, with excellent user
satisfaction [32]. In line with the MRC guidelines, aqualitative
study examining participants’ experiences when engaging with
EPIO complemented the feasibility pilot findings, pointing to
engagement factors such as the motivation to learn, fostering
joy and enthusiasm, and personalization, as well as factors
related to coping with pain in everyday life (eg, awareness and
need for practice) and the value of engaging with EPIO (eg,
EPIO—a friend and making peace with the presence of pain)
[33]. Program optimization based on user feedback [32,33] was
conducted before embarking on efficacy testing in arandomized
controlled trial (RCT).
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Objectives

This study aimed to examine short-term (ie, 3 months) efficacy
findings from an RCT testing the digital pain self-management
intervention program EPIO. It was hypothesized that participants
receiving EPIO, compared with participants in a care-as-usual
control group, would experience significant improvements in
primary (ie, pain interference) and secondary (ie, depression,
anxiety, self-regulatory fatigue, HRQoL , pain catastrophizing,
and pain acceptance) outcomes after 3 months of access to the
EPIO program. System use, usefulness, and ease of use were
examined on an exploratory basis.

Methods

Study Design

A 2-armed RCT was used with participants randomly assigned
to (1) the digital pain self-management intervention program
EPIO or (2) acare-as-usua control group.

Participants and Recruitment

Participants were people living with chronic pain, recruited
from November 2019 to February 2021 through amajor medical
institution (Oslo University Hospital, Norway), collaborating
with local health care servicesand primary care practices, socia
media channels, and patient organizations' web pages. The
eligibility criteriawere asfollows: (1) living with chronic pain
in general (ie, across pain classification and etiology); (2) pain
duration =3 months (ie, self-reported); (3) age =18 years; (4)
access to a smartphone or tablet; (5) ability to understand oral
and written Norwegian; and (6) ability to attend an in-person
introduction session either at anearby health care facility or by
using asecure video link (ie, due to pandemic restrictions as of
spring 2020). The exclusion criteria included cancer-related
pain, migraine, and untreated severe psychological illness (eg,
psychosis), all of which were self-reported.

Study Procedure

Patients living with chronic pain were verbally informed about
the EPIO study by collaborating partners or through flyers at
various health care sites. If interested, the patient’s contact
information was forwarded to the project team, who then
provided additional information about study participation to
those interested. Patients could also contact the study staff
directly through a study phone number or website. Study
information was al so published on social media (eg, Facebook),
and these posts were frequently republished by individuals or
patient organizations.

All participants provided written informed consent before
completing the baseline outcome measures through a secure
research server at the Servicesfor Sensitive Data (Tjenester for
Sensitive Data [TSD]; University of Oslo). Randomization,
either to the EPIO intervention or the care-as-usual control
group, was computerized (ie, using the R-tool software program,
locally developed by the Department of Digital Health Research
at Oslo University Hospital) and stratified by sex, with study
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arms 1:1 and a block size of 20. As participants were either
assigned to receive the EPIO intervention or not, participation
could not be blinded once group assignment was compl eted.

Theintervention group participated in aface-to-faceintroduction
session where they received (1) an introduction to the EPIO
intervention program, (2) help to download the EPIO app from
the Apple App Store or Google Play Store, and (3) guidance on
how to use the program. The introduction session was initially
planned to be an in-person session but was also provided
digitaly (ie, videoconference) as of spring 2020 due to the
ongoing COVID-19 pandemic.

The study period was 3 months after the introduction session.
Theintervention group received follow-up phone callsfrom the
members of the project team at approximately 3 and 7 weeks
with standard questions about status (eg, to see how the use of
the EPIO program was going and whether they had any
use-related questions). The project team could al so be contacted
through the project study phone for questions or technical
assistance. System use was|ogged, and outcome measureswere
completed through the secure research server. Participants
completing at least 6 (67%) of thetotal 9 EPIO modules during
the study period were defined as program completers for study
purposes [32,36].

The EPIO Intervention Program

The app-based EPIO program consists of 9 CBT-based modules
with aspects of ACT, each combining educational information
(eg, thought challenges, coping strategies, values, and activity
pacing) with practical and related exercises (eg, diaphragmatic
breathing, progressive muscle relaxation, visualization, and
mindfulness) for people living with chronic pain [30]. The 9
modules include information about (1) pain; (2) balance; (3)
thoughts and feelings, (4) stress and coping; (5) what is
important to me (ie, values); (6) behaviors and lifestyle; (7)
communication, relations, and social support; (8) coping during
difficult times; and (9) summary and the road ahead [30].
Through the EPIO program, progression is supported and guided
by the EPIOS bird, an avatar accompanying the participants
and their program progression. Participants are encouraged to
practice content frequently to familiarize themselves with the
psychoeducational content and exercises, and a 3-day practice
mode delay has therefore been incorporated between modules
(ie, from completing 1 module until the next module becomes
available). The first 5 EPIO modules are sequential owing to
the educational structure, while the participants can choose the
order of modules 6 to 8 to alow for individuaization. As
participants proceed through the program, they can also create
alist of favorites by highlighting exercises and topics, and they
can opt to receive reminders based on their needs and
preferences. EPIO also alows the user to choose between
reading and listening or both, and there is an option to use the
program offline. More detailed information about the design
and development of the EPIO intervention program has been
presented elsewhere [29-31]. See Figure 1 for screenshots of
the EPIO program.
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Figure 1. Example screenshots of the EPIO intervention program.
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Care-As-Usual Control Group

Participants in the care-as-usual control group completed the
study outcome measures at baseline and at 3 months, without
any additional follow-up from the research team. The project
team did not seek to monitor or control any type of additional
care potentially sought by participants in the care-as-usual
control group during the study period. If interested, participants
in the control group received access to the EPIO program after
the completion of the study (ie, 12 months).

Data Collection and Outcome M easures

All questionnaires and outcome measures were completed by
the participants (ie, self-report) using the secure TSD server.
Parti cipants compl eted a study-specific sociodemographic and
disease-related questionnaire at baseline, and outcome measures
were collected at baseline (ie, before randomization) and at 3
months (ie, follow-up) after the introduction session.

Psychosocial Outcome Measures

Primary Outcome

Pain interference was measured using the short version of the
Brief Pain Inventory (BPI) [37]. The BPI consists of 7 items
and measures the impact of pain on daily functioning. The
guestionnaire has been validated in a Norwegian chronic pain
population sample [38] and has acceptable internal consistency
and reliability [37]. The BPI score ranges from 0 to 10, with
higher scoresindicating greater pain interference.

Secondary Outcomes

Symptoms of anxiety and depression were measured using the
Hospital Anxiety and Depression Scale (HADS) [39]. The
HADS consists of 14 items measuring anxiety (7 items) and
depressive (7 items) symptomatology. The questionnaire has
acceptable internal consistency and reliability and has been
validated in Norwegian primary care patients and the general
population [40]. The HADS scores range from 0 to 21 for both
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scales, with higher scores indicating a higher presence of
symptoms of anxiety or depression.

Sdf-regulatory fatigue was measured using the Self-Regul atory
Fatigue 18 scale [41]. The Self-Regulatory Fatigue 18 consists
of 18 items measuring self-regulatory capacity with cognitive,
emotional, and behavioral components. 8 items are positively
phrased (eg, | rarely get frustrated, | have no trouble making
decisions, and | handle stresswell), and 10 items are negatively
phrased (eg, | experience repeated unpleasant thoughts, | feel
moody, and | get easily upset). The measure has been trand ated
and tested in Norwegian cancer populations [42,43] and has
acceptableinternal consistency and reliability [41], and the score
ranges from 18 to 90, with higher scores indicating higher
self-regulatory fatigue.

HRQoL was assessed using the noncommercial SF-36 Short
Form Health Survey (RAND-36) [44,45]. The RAND-36
consists of 36 items measuring physical, role, emotional,
cognitive, and socia functionsaswell as physical, general, and
global health. The questionnaire has acceptable internal
consistency and reliability and has been validated in a
Norwegian population sample with chronic pain [45]. The
RAND-36 scores range from 0 to 100, with higher subscale
scores indicating improved HRQoL.

Pain catastrophizing was measured using the Pain
Catastrophizing Scale (PCS) [46]. The PCS consists of 13items
measuring catastrophic thinking and maladaptive responses to
pain, with 3 subscales measuring hel plessness, magnification,
and rumination. The questionnaire has acceptable internal
consistency and reliability and has been validated in a
Norwegian population samplewith chronic pain [47]. The PCS
score rangesfrom 0 to 52, with higher scoresindicating agreater
presence of catastrophic thoughts and feelings about pain.

Pain acceptance was measured using the short form of the
Chronic Pain Acceptance Questionnaire (CPAQ)-8 [48]. The
CPAQ-8 consists of 8 items measuring pain acceptance, with

JMed Internet Res 2023 | vol. 25 | 47284 | p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

4 items gauging pain willingness and the other 4 activity
engagement [48]. The questionnaire has acceptable internal
consistency and reliability and has been validated in a
Norwegian population sample with chronic pain [49]. The
CPAQ-8 scorerangesfrom 0 to 24, with higher scoresindicating
a higher acceptance of pain.

System Use, Usefulness, and Ease of Use

Details related to use and program progress (ie, system use)
were collected automatically, stored on asecure research server
(ie, TSD), and later extracted in accordance with informed
consent and existing safety and privacy regulations. At the
3-month follow-up, participants completed a 6-item
study-specific questionnaire related to usefulness and ease of
use based on the research team’s previous experience [30,42],
inspired by Davis[50]. Participants completed 3 questionsrating
acceptability and feasibility on ascalefrom 1to 5 (ranging from
totally agree to totally disagree) and 3 open-ended questions
regarding preferences, perceived usefulness, ease of use, and
further suggestions. The System Usability Scale (SUS),
examining system and program usability [50,51] on a 10-item
5-point scale with options ranging from strongly disagree to
agree, was also completed at 3 months. The scores were
summarized and multiplied by 2.5, yielding a value range of 0
to 100. Scores above 80.3 are considered excellent.

Power Analysisand Sample Estimates

eHealth interventions for comparable samples have shown a
Cohen d effect size of 0.30 to 0.40 on the primary outcome (ie,
pain interference) [20,52]. On the basis of these findings, a
sample size for the intervention effect on pain interference was
calculated to alow the detection of Cohen d=0.4, with a
Cronbach a value of .05 and 80% power (based on a2 tailed t
test). This study included 200 participants. To account for
attrition and allow for adequate power in secondary outcome
analyses, 266 participants were included.

Statistical Analyses

Basdline characteristics, usefulness, ease of use, and user
patterns were summarized with means and SDs for normally
distributed variables and medians and ranges for variableswith
skewed distributions. The type of distribution was assessed
using the visual inspection of histograms and g-q plots and by
comparing means and medians. Categorical datawere presented
as counts and percentages. Change scores, defined as a
difference between scores at baseline and at 3 months, were
caculated for pain interference, anxiety, depression,
self-regulatory fatigue, HRQoL, pain catastrophizing, and pain
acceptance and used as dependent variablesin linear regression
models. As statistically significant differences were observed
between the intervention and care-as-usual control groups for
age and years living with pain, these variables were included
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in the intention-to-treat analysis as possible confounders. We
included only individuals with data on both assessment points,
thus, there were no missing data and no imputation of missing
values was necessary. Model fit was tested using visua
inspection of the residual plots of histograms, and the mode! fit
was satisfactory for al the presented variables (ie, change
scores). P values <.05 were considered statistically significant.
The results are presented as estimated mean difference (MD)
in change with 95% CI and effect size (ie, standardized
coefficients 3) [53]. All the presented Cls for model estimates
were derived using bootstrapping with bias-corrected and
accelerated correction (95% Cl). Statistical analyses were
performed using SPSS software (release 25; IBM Corp).

EthicsApproval, Informed Consent, and Participation

The study wasregistered in Clinical Trials.gov (NCT03705104)
and approved by the Regional Committee for Medical and
Health Research Ethics (REK 2018/8911) and the Hospital
Privacy Protection Committee (ie, institutional review board
equivalent; PVYO 2017/6697). The study method and results
were reported following the CONSORT-EHEALTH
(Consolidated Standards of Reporting Trials of Electronic and
Mobile Health Applications and Online Telehealth) checklist
of information to include when reporting an RCT (Multimedia
Appendix 1).

All potential participants received information about the nature
of the study and detail s about study participation before deciding
whether to participate. All study participants provided written
informed consent. The signed consent forms were stored
separately from any study data under lock and key in a separate
departmental cabinet. Data from questionnaires and outcome
measures were collected through the secure TSD platform
throughout the study, and all personally identifiableinformation
was deidentified from the TSD database before exporting the
study data to a local secure server for further analysis. The
participants did not receive compensation for participation in
the study.

Results

Sample Description

An overview of recruitment and retention details from baseline
to the 3-month follow-up is shown in the trial recruitment and
participant flowchart in Figure 2. A total of 266 participants
living with chronic pain were enrolled in the study. In all, 7
participants allocated to the intervention group withdrew from
the study or did not respond before the introduction session and
were therefore excluded from the study. Thefinal study sample
was 259, with 125 participants in the intervention group and
134 in the control group.
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Figure 2. Recruitment and participant flow.
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Assessed for eligibility (N=339)

Enrollment

Excluded - Not meeting inclusion criteria (n=46)
+  Other diagnosis (n=37)

*  Not fluent in Norwegian (n=1)

| * Notaged =18 years (n=1)

| + Mot able to meet for an introduction session (n=7)
Excluded - Not completing study requirements (n=27)

+ Did not complete informed consent form (n=17)

+ Did not complete baseline (n=10)

Randomize

d (n=266)

v Allocation 4

Intervention

Allocated to intervention group: n=132
+  Withdrew prior to the intervention: n=4
+ Did not reply after randomization: n=3

Received the allocated intervention: n=125
» Face-to-face introduction session: 42
+  Virtual introduction session: 83

Control

Allocated to usual care control group: n=134

Follow-up

Completed 3 months outcome measures: n=109 (87%)
+  Noncompleters: n=14 (11%)
+  Withdrew prior to 3-month questionnaire: n=2 (2%)

Completed 3 months outcome measures:n=120 (90%)
+  Noncompleters: n=13 (10%)
+  Withdrew prior to 3-month questionnaire: n=1 (1%)

Analysis

Analyzed: n=109 (87%) ‘

‘ Analyzed: n=120 (90%)

Most participants (174/259, 67.2%) were recruited through
social media, personally contacting the project via the study
phone or website, and the remainder were recruited through
collaboration with health care sites. The 259 participants were
primarily White (n=251, 96.9%), with amedian age of 49 (range
22-78) years at inclusion, and were mainly female (210/259,
81.1%). Most of the participants reported being on sick leave
or disability benefits (186/259, 71.8%) at thetime of enrollment
and reported having lived with pain for =10 years (158/259,
61%). See Table 1 for an overview of basdine
sociodemographic and disease-related characteristics.

There were statistically significant differences between the
groupsin terms of age (ie, intervention group participants were
significantly older than those in the control group; 49.2 years
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Vs 46.0 years, respectively; P=.02) and years lived with pain
(ie, more participantsin the intervention group reported having
lived with pain for 210 years than those in the control group;
91 participantsvs 72 participants, respectively; P=.007). There
were no other statistically significant differences between the
groups in terms of sociodemographic and disease-related
variables (all P>.05). Of the 259 participants, 229 (88.4%)
completed the outcome measures at the 3-month follow-up
(intervention group, n=109, 47.6%; control group, n=120,
52.4%). See Figure 2 for details regarding the final number of
participants. Of the 109 participants in the intervention group,
39 (35.8%) had received the introduction session in person and
70 (64.2%) received it through a secure video link owing to the
COVID-19 pandemic restrictions.
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Table 1. Baseline sociodemographic and disease-related characteristics (n=259).

Characteristics Intervention (n=125) Control (n=134) P value
Age (years), median (range) 50 (26-74) 48 (22-78) .02
Sex, n (%) 64
Female 103 (82.4) 107 (79.8)
Male 22 (17.6) 27(20.1)
Marital status, n (%) .30
Married or cohabitating 79 (63.2) 93 (69.4)
Single or divorced 46 (36.8) 41 (30.6)
Education, n (%) 49
Elementary or high school 51 (40.8) 58 (43.3)
University or college <4 years 57 (45.6) 48 (35.8)
University or college >4 years 24 (19.2) 26 (19.4)
Employment, n (%) .58
Full-time work or part-time work 30 (24) 27 (20.2)
Sick leave or disability benefits 86 (68.8) 100 (74.6)
Retired or others 9(7.2 7(5.2
Income status (€%), n (%) 92
<40,000 28 (22.4) 26 (19.4)
>40,000 to 60,000 19 (15.2) 22 (16.4)
>60,000 to 80,000 32(25.6) 31(23.1)
>80,000 to 100,000 24 (19.2) 31(23.1)
>100,000 22 (17.6) 24(17.9)

Self-reported pain conditionsb, n (%)

Unspecific musculoskeletal pain 27 (21.6) 32(23.9) 77
Unspecified disk disorder 15(12) 16 (11.9) .93
Osteoarthritis 22 (17.6) 26 (19.4) .87
Rheumatoid arthritis 16 (12.8) 13(9.7) 43
Fibromyalgia 52 (41.6) 54 (40.3) .70
Neuropathic pain 10(8) 9(6.7) 81
After injury or surgery 12 (9.6) 11 (8.2 .58
Other 23(18.4) 18 (13.4) 16
Yearsliving with pain, n (%) .03
>3 12 (9.6) 22 (16.4) 14
35 7(5.6) 17 (12.7) .06
5-10 20 (16) 23(17.2) 62
>10 91(72.8) 72(53.7) .007

81 is approximately US $1.1 and approximately 10 Norwegian kroner (as of spring 2022).
BPartici pants could report having several types of self-reported pain conditions.

. control groups in the primary outcome of pain interference on
Group Differences function at the 3-month follow-up (P=.84). However, therewere
Primary and secondary outcomes, assessing between-group  significant reductionsin symptomsof depression (ie, MD —0.90;
differencesin changes from baseline to the 3-month follow-up,  P=.03) and self-regulatory fatigue (ie, MD —2.76; P=.008) in
are reported in Multimedia Appendix 2. There was no the EPIO intervention group compared with the care-as-usual
statistically significant difference between theinterventionand  control group. There were no statigtically significant
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between-group differences in anxiety, pain acceptance, pain
catastrophizing, or HRQoL at 3 months (all P>.05); atrend was
observed for the HRQoL subscale of vitality (MD 4.25; P=.05)
and the Chronic Pain Acceptance Item of Activity Engagement
(MD 0.08; P=.08; Multimedia Appendix 2), but these results
were not statistically significant.

System Use, Usefulness, and Ease of Use

Intotal, 63 of 125 (50.4%) participantsin theintervention group
completed at least 6 of the 9 modules within the 3-month study
period and were considered completers. There were no
significant differences in sociodemographic variables or
outcome measures (ie, MD in change) between program
completers and noncompleters (all P>.05). Participants (n=109)
completing outcome measures at the 3-month follow-up
described the program as useful (ie, totally agree or agree;
95/109, 87.2%) and easy to use (101/109, 92.7%) and ashaving
easily understandabl e exercises (106/109, 97.2%). Participants
particularly reported appreciating the exercises (eg,
diaphragmatic breathing), the combination of theory and
interconnected exercises, encouraging messages (eg, set
reminders), and the functionality of being able to choose
between listening and reading. The median system usability (ie,
SUS) scorewas 92.5 (range 32.5-100), indicating excellent (ie,
grade A; SUS score >80.3) system usability.

Discussion

Principal Findings

In this RCT, people with chronic pain having access to the
digital pain self-management intervention EPIO, compared with
care-as-usual controls, did not report statistically significantly
different changes in the primary outcome of pain interference
on function after 3 months nor in the secondary outcomes of
anxiety, HRQoL, pain catastrophizing, or pain acceptance.
However, participants in the intervention group reported a
significant decrease in symptoms of depresson and
self-regulatory fatigue compared with care-as-usua controls,
indicating that peopleliving with chronic pain may benefit from
having access to evidence-informed, user-centered digital
self-management programs, such asEPIO, specifically interms
of improving mood and self-regulation in the context of chronic
pain.

With pain not being a single entity, rather a subjective,
individual experience with substantial heterogeneity (eg,
depending on the pain condition and diagnosis, individual,
availabletreatment, and culture), finding adequate pain treatment
and conducting successful pain trials have long been a
conundrum [54,55]. The fact that this short-term RCT did not
show statistical significance for the primary outcome of pain
interference on function does not necessarily mean that there
was no impact on pain-related aspectsin theintervention group.
Although it is a validated and reliable multidimensional
instrument, the global estimates for the BPI [37] may not be
sensitive enough to assess the interference of pain (ie, general
activity, walking, work, mood, enjoyment of life, relationswith
others, and sleep) in a heterogeneous study population, as in
thisstudy. Effect sizesin this study were also small (3<.2), even
with statistical significance, but the data variability was large,
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which may indicate that athough some participants did not
seem to benefit from EPIO with respect to all outcome measures,
others may have benefited greatly from the intervention.
Interventions can also have clinical importance despite not
reaching statistical significance, and aspects such as data
variability and sample size may influence statistical results[56].

The numerous physical and psychosocial challenges associated
with living with chronic pain may naturally contribute to
symptoms of depression [57,58]. In-person psychosocial
interventions, particularly CBT-based interventions, can be
effective in helping decrease the symptoms of depression [59],
and thisis also the case for CBT- and ACT-based interventions
for people living with chronic pain [8,13]. Recently, digital
CBT-based salf-management programs have al so shown promise
in positively impacting depression [60,61]. The CBT-based
content with aspects of ACT in EPIO [30] may as such have
contributed to much of the significant decrease in symptoms of
depression in the intervention group in this study. It is aso
possible that the way the EPIO program has been designed in
line with existing recommendations [23,24], based on end-user
and stakeholder input [30], plays arole in the perception, use,
and ultimate effect of the program. The blended care delivery
model used in this study, although simple, promoting knowledge
that the research team is only one phone call or text message
away, could also have provided a sense of connectedness with
the research team for the participants [62,63]. This was also
underlined when examining aspects of engagement with EPIO,
with participants describing the EPIO program as fostering
communication and social support [33].

Participants receiving EPIO, compared with participantsin the
care-as-usual control group, aso reported a statistically
significant decrease in self-regulatory fatigue after 3 months of
use. Self-regulation, that is, a person’s ability to control or
regulate cognitions, emotions, behavior, and to some extent
physiology, isavital part of life and the self [64,65]. However,
depending on demands (eg, situational and environmental),
self-regulatory capacity appears to be a limited resource that
may be depleted or fatigued [65,66]. Peopleliving with chronic
pain conditions face several physical (eg, pain and fatigue),
behavioral (eg, overdoing or underdoing activities), cognitive
(eg, rumination and worry), and emotional (eg, anxiety and
depression) challenges, al of which entail aneed for self-control
or self-regulation [3], and people living with chronic pain
conditions may, because of their condition, be susceptible to
self-regulatory fatigue, perhaps even persistent self-regulatory
fatigue [4].

Considering the possibility that self-regulatory fatigue may be
amissing link in comprehending the complex aspects of chronic
pain conditions [5], finding ways to improve self-regulatory
capacity is vital [3-5,67]. This could potentially be done by
aiming to target areas such as stress management, cognitive
behavioral aspects, physical activity, nutrition, and sleep [5,68].
The CBT- and ACT-based EPIO intervention contains a balance
between educational (eg, coping, problem solving, thought
challenges, and activity pacing) and relaxation-type (eg,
diaphragmatic breathing, progressive muscle relaxation, and
visualization) exercises [30]. Therefore, it is possible that the
EPIO intervention through content does target self-regulation.
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Other CBT-based digital interventions combining educational
and relaxation-based content, tested in other patient groups,
support this notion, showing positive self-regulatory impact
[42,43].

At the 3-month follow-up, half of the participants had completed
at least 6 out of 9 modules, slightly below the completion rate
inthe EPIO feasibility pilot study (62%) [32]. It ispossible that
the in-person introduction sessions (ie, 100% in the feasibility
pilot study vs 34% in this RCT) could have contributed to the
differences in completion or adherence between the 2 studies.
However, a comparison between participants receiving the
introduction session in person (42/125, 33.6%) versusviavideo
(83/125, 66.4%) in this study could not bejustified asthe change
in delivery method was solely dueto the onset of the COVID-19
pandemic. It is also possible that 3 months may not be enough
time for participants living with chronic pain to complete the
program, particularly as they were al instructed to spend as
much time as possible practicing the module content in this
study, rather than trying to complete the program quickly. In
addition, even though the completion rate in this study may
appear relatively low, 50% seems to be an average adherence
rate for eHealth interventions [69], and program completion
rates at 20% to 40% are not uncommon [70]. Further research
is needed to examine whether access for longer periods (ie, >3
months) may help improve eHealth intervention adherence or
whether other aspects, for example, additional follow-up or
both, are called for.

There are severa professional challenges in the transfer of
traditional in-person service modelsto digital self-management
interventions. In-person treatment entails several evident values,
such as the therapist-patient relationship, but little is known
about the type and frequency of human interaction that may be
preferred or that may provide optimal effect. Reviews have
indicated that professionally guided digital self-management
interventions may be more effective than self-guided
interventions [23,71] and that guided digital CBT-based
programs may be more beneficial than unguided programs in
terms of depression [72]. As such, the prioritization of human
contact and exploration of increasingly personalized digital
programs have been suggested [ 71]. It ispossible that the ssimple
blended care delivery in this study, combined with the
avatar-like EPIOS bird guiding participants through the program,
may have provided a certain combination of guidance and
human contact. Blended care delivery, retaining advantages
from in-person and digital solutions, may therefore be a
recommended way to deliver such interventions in the future
[23,33].

Finally, participants in this study described the EPIO program
as useful (95/109, 87.2%) and easy to use (101/109, 92.7%),
with easily understandable exercises (106/109, 97.2%) and
excellent system usability (92.5 of 100). These findings arein
line with those from the EPIO feasibility pilot study [32], with
even higher system usability scoresin this study (92.5 vs 85.7,
respectively).

Study Limitations, Strengths, and Future Directions

This study had severa limitations. First, participants were
recruited through social mediaand by collaborating with project
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partners, which may suggest that the study population consisted
of highly motivated individuals. Therefore, it is not clear
whether people with chronic pain would, in genera, be
interested in or benefit from a digita self-management
intervention such as EPIO. However, therapeutic interventions
are likely mainly effective if the participants are indeed
interested in participating, which may support the notion that
interested participants may be more likely to benefit from such
self-management programs.

Second, most participantsin this study were female, were White,
had higher education, and had lived with chronic pain for many
years. Randomization in this study was computerized and
stratified by sex to ensure even sex group distribution, but future
studies should seek to identify ways to include more balanced
proportions of participants (eg, sex, ethnicity, education, and
years with pain) in self-management interventions [73,74].

Third, the EPIO intervention was developed aiming to target
chronic pain in general (ie, across pain classification and
etiology) by providing educational information and related
exercises based on CBT and aspects of ACT for pan
self-management and targeting a broader range of aspectsrelated
to self-management skills. Given the heterogeneity of chronic
pain (eg, neck or back pain, spinal cord injury, fibromyalgia,
or trigeminal neuralgia), future research should seek to explore
whether tailored self-management interventions could benefit
from a more pain condition—specific approach, with a more
rigorous definition of inclusion.

Fourth, the intervention group was compared with a
care-as-usua control group, in which the participants did not
receive the EPIO intervention program or any other care from
the project team. However, as there was no way of controlling
or assessing whether participants in the control group sought
any other type of care (eg, self-management courses or
mindfulness interventions) during the study period, there is a
potential risk that this unknown factor could have impacted the
study results. Given thischallenge with rather pragmatic RCTs,
inquiring about the potential additional external care received
by members of the care-as-usua control group might have
provided further details about this unknown factor.

Fifth, the study did not include a numerical primary outcome
measure cut-off scorefor study inclusion, and it is possible that
such a cut-off score (eg, only including participants providing
a score above mild pain interference, such as >3 or >5) could
have affected the primary outcome results of this study.
However, with pain and the interference of pain being an
individual and subjective experience, therationalefor excluding
people living with chronic pain based on subjective scoring
must be thoroughly considered before implementation.

Sixth, although the statistical power for the between-group
effects was adequate, future studies may consider testing
potential moderating effects, for example, related to baseline
medical comorbidities, in larger study samples. Finaly, this
study explored short-term (ie, 3 months) findingsfrom an RCT
testing the EPIO intervention program. Future research should
examine these long-term findings and follow-up. Qualitative
explorations may also, in line with recommendations from the
MRC [34,35], contribute to a better understanding of theimpact
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and nuances of using pain self-management interventions
[33,35].

Thefact that the EPIO intervention program was designed and
developed based on existing recommendations for digital
interventions, including a solid theoretical foundation and
development in close collaboration with end users and other
stakeholders (eg, health care professionals), is a clear study
strength. The simple blended care delivery model used in the
study may also guide how such digital interventions could be
delivered and implemented in the future, and future research
should also aim to test and compare various delivery approaches

Bostrem et al

population groups, stages, or types of condition that may benefit
from digital pain self-management.

Conclusions

Digital pain self-management interventions, such as EPIO,
deliveredin asimple blended care model, may have the potential
to support self-management and improve coping and
psychological functioning for people living with chronic pain.
Despite not showing a statistically significant impact on the
primary outcome of pain interference on function after 3 months
in this RCT, participants with chronic pain conditions having
accessto the EPIO intervention showed astatistically significant

(eg, blended care delivery vs digital self-management only).
This type of research could add value to the understanding of
what may constitute the optimal digital intervention and its
delivery for those living with chronic pain and also identify the

decrease in depressive symptoms and self-regulatory fatigue
(ie, increased capacity to regulate thoughts, feelings, and
behavior), compared with those in the care-as-usua control
group. Therefore, long-term efficacy testing is warranted and
in progress.
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