JOURNAL OF MEDICAL INTERNET RESEARCH Morcillo-Mufioz et &

Original Paper

Multimodal Chronic Pain Therapy for Adults via Smartphone:
Randomized Controlled Clinical Trial

YolandaMorcillo-Mufioz!", BA, MSc, RN; Antonio José Sdnchez-Guarnido®, BA, PhD; Silvia Calzon-Fernandez®,
BA, PhD; Isabel Baena-Paregjo”’, BA, PhD

1Primary Care, Andalusian Health Service, Algeciras, Spain
2Primary Care, Andalusian Health Service, Motril, Spain
3Primary Care, Andalusian Health Service, Sevilla, Spain
4Primary Care, Andalusian Health Service, Cordoba, Spain
"all authors contributed equally

Corresponding Author:

Yolanda Morcillo-Mufioz, BA, MSc, RN
Primary Care

Andalusian Health Service

Plaza delaMujer s/n

District Campo de Gibraltar

Algeciras, 11207

Spain

Phone: 34 670946860

Email: ymmcadiz1969@gmail.com

Abstract

Background: Combination therapies delivered remotely viatheinternet or mobile devicesareincreasingly being used to improve
and promote the self-management of chronic conditions. However, little is known regarding the long-term effects of these
interventions.

Objective: Theaim of this study isto evaluate the effectiveness of amultimodal intervention program that measures associated
variables such as catastrophizing, pain acceptance, and quality of life using a mobile device in people with chronic pain in an
outpatient setting.

Methods: A randomized controlled clinical trial was performed using parallel treatment groups. A total of 209 patients with
chronic muscul oskeletal pain were randomly assigned to one of the two study arms. The intervention group received a standard
web-based psychosocia therapy-type program of activitiesthrough asmartphone for 6 weeks. The control group only had access
to the Find out more section of the app, which contained audiovisual material for pain management based on a self-help approach.
The primary outcome was catastrophizing measured using the Pain Catastrophizing Scale (PCS). Secondary outcomes were pain
acceptance measured using the Chronic Pain Acceptance Questionnaire and health-related quality of life measured using the
EuroQol Visual Analogue Scale. Assessmentswere conducted at baseline (T1), after treatment (T2), and at the 3-month follow-up
(T3). Thevariations between the different phases were assessed using the percentage change rescal ed with log base 2. The Cohen
d was calculated based on the results of the linear mixed model. The investigators of the study who evaluated the results were
not involved in patient recruitment and were blinded to the group assignment.

Results: Positive effectswerefound in theintervention group (T2—T1) in catastrophizing between the baseline and posttreatment
phases (P<.001) and in helplessness (-0.72 vs 0.1; P=.002), rumination (-1.59 vs —0.53; P<.001), acceptance (0.38 vs 0.05;
P=.001), and quality of life (0.43 vs —0.01; P=.002), although no significant changes were found for magnification (0.2 vs 0.77;
P=.14) and satisfaction with health (0.25 vs —0.27; P=.13). Three months after treatment, significant differences were observed
in the intervention group for the outcome variable of catastrophizing (PCS; —0.59 vs 0.2; P=.006) and the PCS subscales of
helplessness (—-0.65 vs 0.01; P=.07), rumination (1.23 vs —0.59; P=.04), and magnification (0.1 vs 0.86; P=.02).

Conclusions: The results of our study suggest that app-based mobile multidimensional treatments for adults with chronic pain
improve catastrophizing, quality of life, and psychological flexibility immediately after treatment and that the effects are maintained
for the primary outcome of catastrophizing for at least 3 months following treatment. Moreover, they promote self-management
and can be used to complement face-to-face pain treatments.
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Introduction

Background

Pain is estimated to be among the top 10 conditions with the
highest burden on health expenditure and health care resources
and has a significant impact on patients' quality of life [1,2].
Pain is defined as an “unpleasant sensory and emotional
experience associated with or similar to that associated with
actual or potential tissue damage” [3]. When it affects one or
more anatomical regions, persists for >3 months; and is
associated with emotional (anxiety or depressed mood) and
functional distressthat interfereswith work, social, and family
life, pain is considered chronic [4]. Although not a frequent
cause of mortality initself, many people die experiencing pain,
and even more people are living with pain [5,6]. Owing to the
extremely high prevalence of chronic pain in the genera
population, it should be considered a health problem.

Thereisalarge body of research on multidisciplinary treatment
programs for adults with chronic pain, including reviews of the
clinica evidence, effectiveness of pain treatments, and
cost-effectiveness of chronic pain programsin outpatient settings
[7,8]. A systematic review by Hauser et al [9] reported that
multidisciplinary programs are effective in reducing chronic
pain and improving patients' biopsychosocia situations and
may also reduce the use of prescription medications. Similarly,
the Canadian Agency for Drugs and Technologies in Health
found that both multimodal therapy and monotherapy were
beneficial for treating chronic pain. However, further research
is needed to determine which type or combination of therapies
can provide long-term benefits for these patients [8,10,11].

As chronic pain is a complex and multidimensiona problem,
it cannot be managed using medical therapiesaone. Therefore,
multidimensional treatmentsinvolving psychological therapies
such as acceptance and commitment therapy (ACT),
mindful ness, physical exercise, and health assets could play an
important role in mitigating catastrophizing, improving pain
acceptance, and reducing the use of psychotropic medications
[8,12-14].

The available evidence supports the efficacy of severa
interventions for the self-management of chronic pain in
outpatients. Some of the key components of these interventions
are the administration of chronic pain medications according
to the type of pain and patient comorbidities [7,10,14,15];
therapeutic exercise and patient education for the treatment of
a wide range of musculoskeletal disorders [5,16,17]; patient
education and counseling [18,19]; ACT as an evidence-based
treatment for chronic pain intensity and depression [20,21];
mindfulness [22] to moderate the impact of catastrophizing on
everyday pain [23,24]; and self-management [15,25,26].

https://www.jmir.org/2022/5/€36114

Balancing activities with rest, stress management, emotion
regulation, and appropriate physical exercise can also improve
the quality of life of these patients [27]. An essential part of
treatment is the early detection of catastrophic thinking,
psychologica inflexibility, and depression as the modification
of these factors can reduce disability, decrease pain interference
and intensity, and improve the ability of patients with chronic
pain to perform activities of daily living [28].

In addition to face-to-face interventions for chronic conditions,
interventions are increasingly being delivered via mobile apps
or the internet as these technol ogies have become an essential
part of people’'s daily lives and are aways on cal. In a
systematic review of the use of information and communication
technologies (ICTs) in chronically ill patients, 15.4% of the
studies found that ICTs had a positive impact on patient
empowerment or self-management, 14% showed an
improvement in physical conditions and quality of life, and
5.1% reported greater self-efficacy for managing disease
[29-32]. In thefield of health, new technologies are being used
for a variety of purposes, among them symptom assessment,
psychoeducation, and treatment adherence. Such technologies
have been shown to be beneficial for the provision of health
care as they can improve patient accessibility and health care
response, are instantaneous, and occur in real time [33-35].

Objectives

The aim of this study was to evaluate the effectiveness of a
multimodal intervention program using aweb-based smartphone
or mobile device app. The app assesses pain perception by
means of associated variables such as catastrophizing, pain
acceptance, and quality of lifein people with chronic pain.

The study was based on the hypothesisthat participants assigned
to the intervention group will exhibit less catastrophizing and
emotional distress, more acceptance of pain, and improved
ability to perform activities of daily living according to
self-management values. Moreover, they will experience abetter
quality of life and fewer symptoms, pain intensity, anxiety, and
depression. These outcomeswill be measured after completion
of the intervention period and at the 3-month follow-up and
compared with a control group in line with the recommended
outcomesin chronic pain research [36].

Methods

Study Design

A randomized controlled clinical trial was performed using
parallel treatment groups [31,37]. Block randomization was
used to ensure a similar number of participants in each group
and in the intervention phase (Figure 1).
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Figure 1. Flowchart of the recruitment process.
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[ Enrollment J

Assessed for eligibility (N=297)

Excluded (n= 88)
¢ Did not meet inclusion
criteria (n=1)
¢ Did not atlend information
meeling (n=67)

Randomized (N=209)

s Declined to participate
(n=20)

hd

l Allocation l

Allocated to intervention (n=105)

Received allocated intervention {(n=98)

Did not receive allocaied intervention (n=2)
Decided not to participate (n=5)

Allocaied to interveniion (n=104)

Received allocated intervention (n= 96)
Did not receive allocated intervention (n=4)
Decided not to participate (n=4)

l [ Follow-Up ] l
The participants did not use the app (n=13) Did not complete the intervention (n=0)
Discontinued the intervention at home (n=8)

l Analysis ] l

Analyzed (n= 56)
Excluded from analysis (n=32)

M obile App—Based Multimodal Treatment

To develop the contents of the multimodal treatment for the
mobile device app, a systematic literature review was carried
out in a first phase following the Scottish Intercollegiate
Guideline Network.

As part of abroader research program aimed at improving pain
management, we first located articles that described the basic
concepts of multi-professional treatments for chronic pain,
provided recommendations, and included published evidence
for the selected topics of interest. The purpose was to identify
the characteristics of pharmacological and nonpharmacological
interventions for people affected by chronic pain in different
settings by means of a bibliographic search and reading of the
literature, a synthesis of the results, and an assessment of the
evidence. In the second part of our study, a participatory
approach was used to prioritize self-management
recommendations for chronic pain selected from the reviewed
literature. Specifically, we designed a multimodal intervention
protocol combining physical exercise, psychoeducational
therapy, health assets, and pharmacol ogical treatment that was

https://www.jmir.org/2022/5/€36114
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delivered using a mobile device. The effectiveness of the
intervention was subsequently evaluated by means of aclinical
trial [38].

Theinterventions delivered in the mobile app include ACT and
mindfulness exercises to promote greater pain acceptance,
reduce the aversive component associated with pain, and help
patients dispassionately recognize and observe both pain and
related thoughts and emotions. Another group of activitiesaims
toraise awareness of anindividual’s own valuesthrough aseries
of activities to recover ameaningful life project [22,23,39,40].
The exercise section provides tools and resources for patients
to improve their physical, mental, and emotional well-being.
The activitiesin this section include empowerment, stretching,
relaxation, walking, and low-intensity exercisesto help patients
acquire good habits and learn about alternativesto improvetheir
day-to-day life[5]. The activitiesin the pharmacol ogical section
aim to help patients better understand medications that reduce
the intensity of pain. For each medication, the most common
side effectsand characteristicsrelated to pain relief are described
as well as which drugs are best suited to the patient’s current
health state, the risks of taking more than the recommended
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dose of medication, and how to identify warning signs[41-43].
The activities in the health assets section are designed to
improve patients’ self-esteem and health by having themidentify
the individual, physical, institutional, associational, economic,
and cultural assets and resources available in their community
to help them cope better with situations of vulnerability and
stress [44,45)].

Development of the M obile App

Our research team developed an app caled NO+Dolor
(NO+Pain) that contains an Android or iOS user interface. The
app includes links to several multimedia resources (mainly
audios and videos) and was designed based on game dynamics
(gamification) to improve users concentration, attention, and
motivation. Indications on how to use the app and correctly
perform the measures are provided in the instructions section
of the app. Regarding the technical characteristics of the app,
the information technology part required the design of a
relational database implemented using MySQL Community
Server 5.6. On the server side, a Java 1.8 communications
application programming interface was implemented with
representational state transfer architecture between the patients
mobile apps and the database using a client-server pattern. On
the client side, hybrid mobile apps were implemented for
Android and iOS operating systems. Apache Cordova 9.0 and
jQuery Mobile 1.4.5 frameworks were integrated into the app,
and HTML5 and CSS3 technologies were used for the
presentation layer [46].

Textbox 1. Inclusion and exclusion criteria.

Morcillo-Mufioz et d

Participants

The study population comprised residents of municipalities
belonging to the Cordoba South Health District of the
Andalusian Health Service, Spain, who were registered in the
health service user database. Patients were recruited from each
of the district’s 11 primary care centers by two collaborators:
a nurse and a physician with experience in the follow-up of
patients with chronic pain.

The samplewas drawn from a database using Diraya electronic
medical records. Theinclusion criterion was being attended by
primary care physicians and nurses. The database search was
carried out on June 30, 2019, and identified 297 patients
diagnosed with chronic musculoskeletal pain, of which 205
(69%) were women and 92 (31%) were men. Accepting an o
error of .05 and a3 error of .2 (statistical power of 80%) in a
2-tailed test and estimating 15% loss to follow-up, 296
participants were required to detect a statistically significant
difference between 2 means at 3 pointsin our outcome variable
with an estimated SD of 12.

All participants were under pharmacological treatment for
chronic musculoskeletal pain (analgesics, anti-inflammatory
drugs, antidepressants, anticonvulsants, or opioids) as previously
indicated by their primary care physician and were asked to
sign an informed consent form. The inclusion and exclusion
criteriafor the participantsin the study are presented in Textbox
1.

Inclusion criteria
«  Patients aged =18 years with pain in any location
o Painwith aduration of =23 months

« Painwith anintensity of >4 on the Visual Numerical Scale

« Ableto use asmartphone

« Not participating in another research project

Exclusion criteria

«  Patients with acute pain (duration <3 months)

«  History of braininjury

«  Presenting one of the following characteristics: continuous pain or intermittent pain =5 days a week

«  Cancer-related or postsurgical pain, patients with palliative care, and pediatric population

« Inability to complete the study forms because of mental disability or language barrier

Ethics Approval

This study was approved by the Cordoba Research Ethics
Committee of the Andalusian Public Health System (CIF
G-14825277; protocol code PI-0447-2017). Informed consent
was approved by the Cordoba Research Ethics Committee and
completed by the participants. This study is registered at
Clinical Trials.gov (NCT04509154).

https://www.jmir.org/2022/5/€36114

Randomization and Blinding

Block randomization with ablock size of 4 was used. The only
stratification criterion was the reference health center of the
patients. An automated recruitment form hosted on the REDCap
(Research Electronic Data Capture; Vanderbilt University)
platform of the Maimonides Biomedical Research Institute of
Cordobawas used to randomi ze the patients by simply clicking
abutton. The datawere transferred and recorded in an electronic
notebook using the Data Entry Manager system. The statistician
(Ipek Guler Caamafio and Juan Antonio Marin Sanz), principal
investigator (YM-M), and coinvestigators (AJS-G, SC-F, and
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MIB-P) of the study who eval uated the results were not involved
in patient recruitment and were blinded to the group assignment.
A total of 22 recruiters from the 11 primary care health centers
of the Cordoba South Health District recruited the patients in
2019. They were also responsible for randomizing the patients
(by clicking a button on the automated recruitment form) and
were not blinded.

Treatment Procedures

All patients received a written invitation from their primary
care physician or nurse to participate in the study. Two 8-hour
face-to-face sessions were held at their reference health center
led by anurse and a primary care physician with experiencein
the follow-up of patients with chronic pain. At the group
meeting, patients who agreed to participate voluntarily in the
study were informed that they would receive instructions by
email on how to download the mobile app with the treatment
contents. The patients were also informed that, if they were
selected to participate in the intervention group, the treatment
would last from 6 to 8 weeks. The control group would only
have access to the Find out more section of the app, which
contained audiovisual materials for pain management from a
self-help approach, such asinformation on theorigin of chronic
pain and advice for pain treatment and relaxation exercises.

The intervention group received the treatment via their
smartphones for a period of 6 weeks after completing both
face-to-face sessions. Pain intensity was measured daily on an
11-point numerical rating scal e when the participants accessed

the app.

To assessthe treatments, self-reported questionnaires were sent
to the participants by email and collected at three time points:
upon admission to the program (T1), at week 6 of the
intervention (T2), and at 3 months after the intervention (T3).
The participants completed all 3 questionnaires at home and
returned them by email.

Smartphone-Based I ntervention

The intervention consisted of the implementation of a program
of standard, interactive psychosocial therapy activities. Thepain
management app enables automatic monitoring, skill training,
social support, education, goal setting, and achievement of four
components: psychological wellness, exercise, pharmacol ogical
trestment, and health assets. Each week, the participantsreceived
3 activities for each of the aforementioned components viathe
NO+Dolor app until completing the 6 weeks of treatment. All
the activities were designed to be performed weekly except for
the walking challenge, which was performed daily. The first
time the participants completed an activity, they were awarded
a star. The participants could perform the proposed activity as
many times as they liked, but no more rewards were given until
the following week. The more activities they completed, the
more stars they were awarded, and the higher the percentage of
goalsreached by the patients each week (Multimedia Appendix
1). The app al so had a Consultation section with a contact form
where the participants could send any questions or comments.
The form was then sent by email to the researchers so that they
could respond to the inquiries.

https://www.jmir.org/2022/5/€36114
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Assessment M easures

The Spanish adaptation [47,48] of the Pain Catastrophizing
Scale (PCS) [49] was used to measure the main outcome
variable of the study [50]. The total score on the PCS is
calculated by summing the responsesto the 13 items and ranges
from 0 to 52. The PCS subscales comprise three dimensions:
(1) rumination, scored from 0 to 16 (difficulty inhibiting
repetitive pain-related thoughts and inability to seek solutions);
(2) magnification, scored from 0 to 12 (tendency to exaggerate
distressing situations and negative aspects of pain and perception
of oneself as unable to control pain); and (3) hopelessness or
helplessness, scored from 0 to 24 (inability to cope effectively
with pain). Higher scores indicate higher levels of
catastrophizing. A score of =30 is considered a cutoff point for
clinically significant catastrophizing levels. The Spanish version
of the PCS has been shown to have adequate interna consistency
(Cronbach a=.79), convergent validity and classificatory value,
test-retest reliability (intraclass correlation coefficient=0.84),
and sensitivity to change in size (effect size>2).

The Spanish adaptation [51] of the Chronic Pain Acceptance
Questionnaire (CPAQ) [21] was used to measure engagement
in life activities despite pain; willingness to experience pain
without trying to control, change, or avoid it; ability to recognize
the chronicity of pain; and the need to avoid or control pain.
The CPAQ isa20-item self-report questionnaire that rates pain
acceptance on a7-point Likert-type scaleranging from O (never
true) to 6 (always true). The maximum possible score on the
CPAQ is 120, with higher scores indicating higher pain
acceptance. Initial studies on the acceptance and adaptation of
the CPAQ have shown adequate internal consistency and
expected correlations with measures of physical functioning
and psychological distress. Subsequent studies have evaluated
the content and dimensions of the questionnaire and identified
two factors. activity engagement (Cronbach a=.82) and pain
willingness (Cronbach a=.78) [21].

The Spani sh adaptation of the EQ-5D [52] was used to measure
health-related quality of life. This version can be used both in
relatively healthy individuals (the general population) and in
groups of patients with different conditions. Individuals assess
their own hedlth state first by level of severity in different
dimensions (descriptive system) and then on the more general
EuroQol Visual Anaogue Scale (EQ-VAS) of 0to 100 (worst
imaginable health state and best imaginable health state,
respectively). A third component of the EQ-5D is the social
values index obtained for each health state generated by the
instrument, which describes respondents’ health state according
to five dimensions: mobility, self-management, usual activities,
pain or discomfort, and anxiety or depression. Regarding the
instrument’s psychometric properties, the test-retest reliability
ranges from 0.86 to 0.90, and numerous studies have
demonstrated its validity and sensitivity to change [53]. We
included a question on subjective global improvement rated by
the EQ-VAS from 0 to 100: We would like you to indicate on
this scale how good or bad your health state is today. Pain
intensity was measured using an 11-point numerical rating scale
ranging from 0 (no pain) to 10 (pain as bad asyou canimagine).
The format of this rating was established in the latest Initiative
on Methods, Measurement, and Pain Assessment in Clinica
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Trias recommendations on core outcome measures for chronic
pain clinical trials [36].

Data Analysis

A descriptive analysis was performed for the quantitative
variables with mean and SD and for the qualitative variables
with recounts (n) and proportions (%). Goodness-of-fit to a
normal distribution was determined using the Shapiro-Wilk test,
and homogeneity of variance was assessed using the Levene
test. The quantitative variables of the treatment and control
groupswere compared using the Mann-Whitney U test, and the
Pearson chi-sgquare test was used to compare the qualitative
variables and the Fisher-Freeman-Halton descriptive analysis.
In addition, the variations between the different phases were
assessed using the percentage change rescaled with log base 2.
The association between the quantitative variables was
determined using bivariate (Pearson linear correlation coefficient
or Spearman p) and partial correlations controlling for the
variables age and sex.

A linear mixed effects model [54,55] was subsequently used to
assess changes over time for the repeated measurements of the
pain questionnaire scores at 3 time points between the control
and treatment groups. Linear mixed effects models account for
variability between participants and between repeated
measurementsin the same participant simultaneously. To obtain
different trgjectories for each group (experimental vs control)
over time, weincluded theintercept and slope effect asrandom
effects and time, group, and the interaction term (groupxtime)
asfixed effects. The variance-covariance structure was fixed to
an unstructured matrix, and the random effects and error terms
were assumed to have a normal distribution. Furthermore, the

https://www.jmir.org/2022/5/€36114
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Cohen d was calcul ated based on the results of the linear mixed
model. The R project nime package (version 3.5.0; R Foundation
for Statistical Computing) was used to estimate all theregression
models. The established level of statistical significance was
P<.05.

Results

Participants

A total of 297 participants (n=205, 69% women and n=92, 31%
men) were initially invited to participate in the study. Of these
297 participants, 1 (0.3%) was excluded for not meeting the
inclusion criteria, 67 (22.6%) were excluded because they did
not attend the meeting, and 20 (6.7%) were excluded because
they declined to participate. A total of 209 participants were
randomized into 1 of the 2 study arms. After randomization,
2.4% (5/209) of the participants were excluded because they
declined to participate, dropped out before the intervention, or
did not know how to use the technologies. In the intervention
group, 15% (15/98) of the patients did not complete the
intervention. The analysis was performed on patients who
completed all 3 questionnaires at baseline, upon completion of
theintervention, and 3 months after theintervention (Figure 1).

Table 1 showsthe demographic dataand baseline characteristics
of the sample by group. The outcome variabl es showed measures
for PCS (P=.20), CPAQ (P=.07), and EQ-5D (P=.26) at the
beginning of the intervention (baseline), in which participants
in both groups did not differ in pain catastrophizing, quality of
life, or pain acceptance. No differences were found in
sociodemographic variables or use of medications (Table 1).
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Table 1. Characteristics of the sample (N=194).

Morcillo-Mufioz et d

Characteristic Intervention group (n=98)  Control group (N=96) P value
Age (years), mean (SD) 51.2 (11.2) 50.3 (10.2) 992
Gender, n (%) .99
Female 78 (80) 77 (80)
Male 20 (20) 19 (20)
Marital status, n (%) .59
Married 81(83) 78 (81)
Divorced 6 (6) 8(8)
Single 6(6) 6(6)
Widowed 2(2 4(4)
Employment status, n (%) .27
Unemployed 17 (17) 15 (16)
Employed full-time 27 (28) 29 (30)
Employed part-time 13 (13) 33
Disability 11(13) 12 (13)
Home care 22 (22) 28 (29)
Other combination of the aforementioned characteristics or unknown 8 (8) 9(9)
Level of education, n (%) .16
No schooling 13 (13) 7(7)
810 10 years (elementary) 41 (42) 54 (56)
10to 12 years (high school) 36 (37) 26 (27)
>12 years (higher education) 8(8) 9(9)
Taking medications, n (%) .68
Yes 96 (98) 92 (96)
No 2(2 4(4)
Annual income, € (US$), n (%) 45
<10,000 (10,857) 11 (11) 12 (26)
10,000 to 20,000 (10,857 to 21,714) 73 (74) 74 (77)
>20,000 (21,714) 14 (14) 10 (5)
EQ-5D and pain, n (%) 56 (100) 53 (100) 34
Moderate pain 34 (61) 27 (51)
Extreme pain 22 (39) 26 (49)
EQ-5D and anxiety and depression, n (%) 56 (100) 52 (100) .90
| am not anxious or depressed 13(23) 13 (25)
| am moderately anxious or depressed 32 (57) 30 (58)
| am extremely anxious or depressed 11 (20) 9(17)
PCS®, mean (SD) 29.86 (13.27)° 27.7 (12.77)8 20
CPAQS, mean (SD) 64.16 (18.89)° 66.77 (18.4)" 07
EQ-5DY, mean (SD) 0.45 (0.19)" 0.43 (0.21)' 26
EQ-VAS, mean (SD) 48.22 (18.74) 44,23 (23.49)' 16

=194,

bpCS: Pain Catastrophizing Scale (score 0-52).
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°n=55

n=54,

€CPAQ: Chronic Pain Acceptance Questionnaire (score 0-120).
=52

9EQ-5D score —0.654 to 1.

Pn=53.

In=51

jEQ-VAS: EuroQol Visual Analogue Scale (0-100).

Kn=50

In=47.
at baseline, upon completion of the treatment, and during

Primary Outcome: Catastrophizing follow-up are presented in Table 2. The between-group
variations over time for the primary outcome variables are

Overview .
The descriptive results for the differences between the control presented in Table 3.

and intervention groups regarding measures of catastrophizing
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Table 2. Median, mean, SD, and differences between groups for the primary outcome measure at admission to the program (T1), immediately after

treatment (T2), and at the 3-month follow-up (T3) for completers.

Morcillo-Mufioz et d

Primary outcome 42 T2 T32
measure (scale)
Median (IQR) Mean(SD) P Median (IQR) Mean(SD) P Median (IQR) Mean(SD) P
value value value
pc 20 001 09
Control 26.5 (17.25- 277 (12.77)(7 32.5(23.75- 31.82 (12.06)d 31.0(22.5-43.0) 3141 (12.61)9
38.5) 42.0)
Intervention  29.0(22.0-39.0) o9 gg (13'27)f 19.5 (14.25- 20.86 (11.25)9 27.0(17.0-35.0) o578 (14. 12)h
28.25)
Helplessness 31 .001 .07
Control 125(8.0-16.25) 1243 (5.8)i 14.0(105-19.0) 1422 (5.82)° 14.0 (9.75- 13.65 (5.75)1'
18.75)
Intervention 14.0(8.25-18.0) 1309 (6.45)° 85(5.25-120) go1 (5.38)9 10.0(6.0-17.0) 1109 (6.48)9
Rumination 14 .004 12
Control 10.0 (6.0—12.0) 9.19 (4.16)k 7.0 (4.0—8.25) 6.32 (2_99)d 6.0 (4.0—9.0) 6.28 (2.84)'
Intervention  10.0 (7.5-14.0) 10911 (4ap™ 4.0 (2.0-5.0) 4.05 (2.4)" 5.0 (3.0-7.0) 5.24 (3.16)"
M agnification .20 .007 12
Control 6.5 (4.0-8.75) 6.57 (3.17)0 13.0(8.75- 11.29 (4.28)d 12.0(7.5-15.5) 11.33 (4.56)9
14.25)
Intervention 7.0 (4.25-9.75) 7.06 (3.22)0 8.0 (6.0-12.0) 8.29 (4_14)“ 10.5(5.75-12.0) 9.55 (5.04)9

At admission to the program (T1), at the end of the intervention at 6 weeks (T2), and at the 3-month follow-up (T3).
bpCS; Pain Catastrophizing Scale.

Cn=54.
dn=28.
€n=27.
fr=56.
In=22.
Pn=23.
In=52.
In=26.
Kn=53.
' n=25.
Mp=55.
Mh=21.

JMed Internet Res 2022 | vol. 24 | iss. 5| €36114 | p. 9
(page number not for citation purposes)

https://www.jmir.org/2022/5/€36114

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Morcillo-Mufioz et d

Table 3. Between-group differences and changes over time for the primary outcome measure and Pain Catastrophizing Scale (PCS) subscales.

Primary outcome To_t12 T3-T22 T3-T12
measure (scale)
Median (IQR)  Mean (SD) P Median (IQR)  Mean (SD) P Median (IQR)  Mean (SD) P
value value value
PCS <.001 24 .006
Control 005(-0.11to o9 (l.O)b -0.03(-0.19t0 _q o7 (0.32)° 0.1(-0.14to 021 (l.lS)d
0.73) 0.21) 0.36)
Intervention -0.5(-1.0to -0.67 (0.72)° 0.0 (-0.27to 0.02 (O.65)f -0.15(-10t0 _g5g (0.91)¢
-0.14) 0.58) 0.08)
Helplessness .002 21 .007
Control 0.0(-0.23t0 0.1 (0.84)9 -0.07(-041t0 _g1q (0'33)h 0.0(-0.32to 0.01 (0.88)i
0.4) 0.04) 0.48)
Intervention -0.79(-L.14t0 _g 70 (0.78)j 0.0(-0.35t0 0.11 (0.8)f -0.33(-1.06t0 _gg5 (0.92)j
-0.07) 0.44) -0.08)
Rumination <.001 48 .049
Control -0.58 (-0.83t0 _q53 (0.89)k 0.0(0.0t00.39) (o9 (O.86)h -0.71(-10t0 _g59 (0.96)i
0.0) -0.26)
Intervention -1.42(-2.27t0 _q5g (0.95)| 0.0(0.0t0057) oo (0_55)h -0.85(-1.82t0 _q03 (0.84)'
-0.79) -0.58)
Magnification 14 41 .03
Control 0.56 (0.32to 0.77 (1.0)b 0.12 (-0.14 to -0.02 (0.48)C 0.68 (0.49to 0.86 (1.02)d
0.97) 0.22) 1.25)
Intervention 0.42 (0.29to 0.2 (1'02)| 0.0(-0.13to -0.03 (O.83)f 058(-043t0 1 (1.16)j
0.66) 0.46) 0.68)
@At admission to the program (T1), at the end of the intervention at 6 weeks (T2), and at the 3-month follow-up (T3).
Pn=26.
“n=16.
Un=27.
n=21.
Th=17.
In=23.
fn=15.
'n=24.
In=20.
kn=25.
In=10,

Between-Group Effects

Immediately following the treatment (T2), statistically
significant improvements were observed in the intervention
group for catastrophizing (20.86 vs 31.82; P=.001) and the
catastrophizing subscales of helplessness (8.91 vs 14.22;
P=.001), rumination (4.05 vs 6.32; P=.004), and magnification
(8.29 vs 11.29; P=.007). However, at 3 months of follow-up,
the mean remained lower (25.78 vs 31.41; P=.09), although it
was not statistically significant (Table 2).

Within-Group Effects

Positive effects were observed at the different treatment times
according to the percentage change rescaled by log base 2.
Specifically, positive effects were found for the intervention
group (T2-T1) in catastrophizing between the baseline and

https://www.jmir.org/2022/5/€36114

posttreatment phases (P<.001) and in the subscales of
helplessness (-0.72 vs 0.1; P=.002) and rumination (-1.59 vs
-0.53; P<.001), although no significant changeswerefound for
magnification (0.2 vs0.77; P=.14). Significant resultswere also
found for catastrophizing at the 3-month follow-up with respect
to the baseline (-0.59 vs 0.2; P=.006) and the subscales of
helplessness (—-0.65vs0.01; P=.07), rumination (—1.23 vs-0.59;
P=.04), and magnification (0.1 vs 0.86; P=.02), al of which
improved 3 months after completing treatment (Table 3).

We also measured changes in the pain questionnaire scores
between the control and treatment groups at the 3 time points
by applying alinear mixed effects model. Statistical differences
were found only between the 2 groups for changes in the PCS
scoreover time. In addition, the interaction effect between time
and the intervention group was —6.47 (P=.001), thusindicating
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asignificant decreasein PCSscoresover timeintheintervention  group compared with the control group (Table 4).

Table 4. Changes between groupsin Pain Catastrophizing Scale scores over time.

Coefficient Values, mean (SD) P value
Intercept 25.747 (2.572) <.001
Time 2.479 (1.336) 07
Intervention (reference: control) 7.528 (3.669) .04
Time® intervention (reference: time control) -6.476 (1.991) 001

3Pain Catastrophizing Scale scores over time in the intervention group compared with the control group.

(EQ-VAS), whereas Table 6 shows variations over time for the

Secondary Outcomes secondary outcomes.

Overview

Table 5 shows the results for the variables of acceptance
(CPAQ), quality of life (EQ-5D), and overal hedth state

Table 5. Mean and SD for the secondary outcomes at admission (T1), immediately after treatment (T2), and 3 months after the intervention period
(T3) for completers.

Secondary out- 112 T22 T2

come measure

(scale)

Median (IQR) Mean(SD) P Median (IQR) Mean(SD) P Median (IQR) Mean(SD) P
value value value

cPAQ® .07 14 A7
Control 68.0(580-780) 6577 (18.4)° gg.g)(52.75- 63.82 (12.47)° 650(54.5-715) 65,67 (16.06)°
Intervention gi.g)(ssjs- 64.16 (18.89)' 67.0(59.0-780) g 23(14.43) 620(545-730) 6448 (21.76)"

EQ-5D .27 .008 .30
Control 0.46(0.22-059) .43 (0.21)° 0.36(0.22-056) (.41 (0.22) 0.37(0.22:052) 39 (0.19)°
Intervention  048(0.23-059) (45 (0,19)f 0.56(047-0.72) 55 (0.17)9 0.41(0.22:059) .43 (0.2)"

EQ-VAS 16 02 .03
Control 44.0(215-540) 44,93 (23.49) 22.8)(25.25- 38.68(19.58)7 30.0(25.0-51.0) 36.96 (20.15)
Intervention  47.0(335-60.0) 45 2 (18.74)¢ 530(38.0-660) 57 68 (18.27) 50.0(3L5-75.0) 51,05 (25.73)

At admission to the program (T1), at the end of the intervention at 6 to 7 weeks (T2), and at the 3-month follow-up (T3).
bCPAQ: Chronic Pain Acceptance Questionnaire.

®h=53.
dn=28.
€n=27.
fr=s56.
In=22.
Pn=23.

iEQ-VAS: EuroQol Visual Analogue Scale.

In=47.
Kn=s50.
In=19.
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Table 6. Within-group differences and variations over time for the secondary outcomes.

Secondary out-  To_T12 T3.T2?2 T3-T18
come measure
(scale)
Median (IQR) Mean (SD) P Median (IQR) Mean (SD) P Median (IQR) Mean (SD) P
value value value
CPAQb .001 14 .30
Control -0.16 (-0.27to 0.05 (0.9)0 0.02 (-0.12to 0.08 (0.28)d -0.08 (-0.24 to 0.12 (0.92)6
0.1) 0.25) 0.09)
Intervention 0.22 (0.05to 0.38 (0.86)f -01(-0.24t0 _goo (0.95)9 0.0(-0.18to 01 (0.86)f
0.39) 0.16) 0.25)
EQ-5D .002 A7 48
Control -0.12(-053t0 _gq (0.69)° 0.0 (-0.03to 0.04 (0_34)d 0.0(-0.4to 0.12 (0.69)°
0.08) 0.22) 0.45)
Intervention 0.31(0.0to 043 (0.66)f 0.0(-0.31to -0.09 (0.61)9 0.0(-0.1to 0.08 (0.75)f
0.92) 0.13) 0.35)
Control 0.14(-0.77to  -0.27 (1.0 -0.05(-0.28t0 -0.08(0.31) 0.18(-0.34t0 13 (1.22)i
0.49) 0.17) 0.83)
Intervention 0.28(-0.12to  0.25(0.52) -0.14 (-0.37to -0.05(0.4) 033(-026t0 (18 (0.93)d
0.42) 0.24) 0.95)

At admission to the program (T1), at the end of the intervention at 6 weeks (T2), and at the 3-month follow-up (T3).

bCPAQ: Chronic Pain Acceptance Questionnaire.
’n=26.

dn=16.

fn=27.

fr=21.

In=17.

PEQ-VAS: EuroQol Visua Analogue Scale.
'n=24.

Between-Group Effects

With regard to pain acceptance (CPAQ), no significant
differences were found between the 2 groups after treatment
(68.23 vs 63.82; P=.14) or a 3 months following the
intervention (64.48 vs 65.67; P=.47).

In terms of quality of life (EQ-5D), the intervention group
showed significant improvement at the end of treatment (0.55
vs0.41; P=.008), although these differences were not maintained
after the 3-month follow-up (0.43 vs 0.39; P=.30).

The assessment of overall health state (EQ-VAS) registered in
the daily records showed significant improvements in the
intervention group compared with the control group (52.68 vs
38.68; P=.02) at the end of treatment, and these differences
were maintained over time (51.05 vs 39.96; P=.02; Table 5).

Within-Group Effects

Regarding variations between the different phases, a positive
effect was observed immediately following the intervention
(T2-T1) in both acceptance (0.38 vs 0.05; P=.001) and quality

https://www.jmir.org/2022/5/€36114

of life (0.43vs-0.01; P=.002), but the positive effect on overall
satisfaction with health was not maintained (0.25 vs -0.27;
P=.13).

No significant differences were found during follow-up for
CPAQ (T3-T2: -0.22 vs0.08 and P=.14; T3-T1: -0.1vs0.12
and P=.30), EQ-5D (T3-T2: -0.09 vs 0.04 and P=.17; T3-T1:
0.08 vs 0.12 and P=.48), or overall hedlth state (T3-T2: —-0.05
vs—0.08 and P=.49; T3-T1: 0.18 vs 0.18 and P=.34; Table 6).

Table 7 shows the Fisher-Freeman-Halton descriptive analysis
of the proportion of participants with clinically significant
improvement immediately after treatment according to the
EQ-5D subscale. Intheintervention group, clinical improvement
in pain intensity ranged from 37% in moderate pain to 22.7%
in severe pain (P=.04). The exact test results showed that a
significantly higher proportion of participantswho received the
multimodal treatment improved in the mobility subscale (P=.04)
and activities of daily living such asgoing to work, leisuretime,
and family activities (P=.045) immediately after receiving
treatment. These improvements were not significant 3 months
after the intervention.

JMed Internet Res 2022 | vol. 24 | iss. 5 | €36114 | p. 12
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Morcillo-Mufioz et d

Table 7. Proportion of patients to the EQ-5D subscale per time and group at admission (T1), immediately after treatment (T2), and 3 months after the

intervention period (T3).

EQ-5D secondary outcomemeasure  T1 T2 T3
Intervention, Control, Overal Intervention, Control, Overal Intervention, Control, Overall
n (%) n (%) Pvaue N(%) n (%) Pvaue N(%) n (%) P value

Pain 34 .004 .08

Moderate pain (VASA=4-7) 34 (61) 27 (51) 16 (37) 10 (78) 13(34) 9(53)

A lot of pain (VAS=8) 22 (39) 26 (49) 2(23) 17 (64) 10 (46) 17 (67)
Anxiety and depression .90 27 12

| am not anxious or depressed 13 (23) 13 (25) 7(32) 8(29) 3(13) 8(30)

| am moderately anxiousor de- 32 (57) 30 (58) 13 (59) 12 (43) 16 (67) 14 (52)

pressed

| am very anxiousor depressed 11 (20) 9(17) 1(9) 7 (29) 4(21) 4(19)
Mobility 14 .04 07

| have no problem walking 9(41) 10(36) 12 (21) 13 (25) 7 (29) 8(30)

| have some trouble walking 43 (77) 39 (74) 13 (59) 18 (64) 16 (67) 19 (70)

| have to bein bed 12 1(2 N/AP N/A 1(4) N/A
Personal care .92 77 .63

| have no problems with self- 33 (60) 31 (59) 14 (65) 15 (56) 12 (50) 13 (50)

care

| have some problemswashing 22 (40) 21 (40) 8(36) 12 (44) 12 (50) 14 (50)

or dressing

| anunabletowashordress  N/A 1(2) N/A N/A N/A N/A
Everyday activities (work, study, household chores, free 14 .045 86
time, and family activities)

| have no problem performing 5 (9) 9(17) 5(24) 4(14) 2(8) 1(4)

my daily activities

| have sometrouble performing 49 (88) 38(72) 16 (76) 20(71) 20(83) 23(85)

my daily activities

| amunableto performmy dai- 2 (4) 6 (11) N/A 4(14) 2(8) 3(11)

ly activities

3/AS: Visual Analogue Scale.
BNI/A: not applicable.

Discussion

Principal Findings

We performed asmall randomized controlled clinical trial with
asample of mostly women (205/297, 69%). Randomization of
both the sociodemographic characteristics of the study
population and the study variables was homogeneous.

The results of the study clearly show that the main variable,
catastrophizing, had a significant positive effect on the
intervention group compared with the control group after the
intervention and at the 3-month follow-up. This could be due
to changes in cognition or maladaptive behavior that modified
erroneous beliefs and decreased catastrophic thoughts. It should
be noted that previous research has considered the beneficial
effect of multimodal treatments in decreasing catastrophizing
and fear. Thus, these results are in accordance with the more
pronounced effect found in the intervention group [55].

https://www.jmir.org/2022/5/€36114

These results are aso in line with the findings of studies on the
effects of monotherapies using ACT [56], mindfulness [57],
physical activity, pharmacological therapy, and the health asset
approach. Analysis of the results showed that the intervention
group improved in catastrophizing, psychological flexibility,
movement avoidance, pain interference in daily life, pain
intensity, and quality of life [31,58-62].

The analysis showed that the intervention group improved in
both perceived quality of life and pain acceptance after
treatment. This finding indicates that patients who accept pain
better exhibit greater psychological flexibility (ie, less activity
avoidance), less psychological distress, and less disability.
Moreover, we found that patients with higher pain acceptance
(psychological flexibility; P=.001) reported a better quality of
life (P=.002). Thisisin agreement with other studies that have
shown that pain acceptanceisagood predictor of abetter quality
of life[20,21,61].
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However, theresultswereinconclusivefor theselast 2 variables.
Specifically, although the effect sizes of quality of lifeand pain
acceptance were significant from before treatment to after
treatment in the intervention group, no changes were observed
3 months after the treatment. This lack of significance may be
explained by the fact that perceived quality of life is a
multidimensional phenomenon, and some indicators may
therefore have had a greater influence on this variable, such as
thelow educational level and low annual income of the sample.
These results are consistent with those of other studies
suggesting that low educational level and low income are
associated with poorer perceived health [63].

With regard to the main aim of thiswork, we hypothesized that
the participants assigned to the intervention group would
experience fewer catastrophizing thoughts and emotional distress
and more acceptance of pain and improvetheir ability to perform
activities of daily living according to self-management values.
The results are encouraging asthe effects of the treatment were
largely maintained over time and reduced catastrophizing and
the three dimensions of the PCS (hel plessness, rumination, and
magnification). This may suggest that a combination of these
interventions promotes skillsthat result in behavior changes, at
least in the medium term.

A priori, this relationship could be explained by the additive
effect of the combined components of psychoeducational
therapy, exercise, pharmacological treatment, and health assets.
It may also be explained by the fear avoidance model in that
exercise contributes to the reconceptualization of pain and
reduces catastrophic thinking and the threat value of pain related
to functional limitations[55]. Similarly, exercise may help divert
attention away from rumination because of its attentional
demands and mood effects, whereas the use of exercise as a
self-management tool could increase self-efficacy and thereby
reduce feelings of helplessness.

Physical activity likely helped the participantsin our study learn
about activities such as daily waking and low-intensity
stretching to improve their physical, mental, and emotional
well-being as well as acquire new habits and find alternatives
to improve their quality of life [64]. These results are in line
with recent studies and meta-analysesthat show that intermittent
or regular sessions of therapeutic exercise can reduce pain
perception and sensitivity [65].

ACT and mindfulness were also a treatment goal in our study
[6Q]. In the intervention group, both therapies had a positive
effect on pain acceptance (psychological flexibility), improved
health perception, and decreased levels of catastrophizing
immediately after the intervention. This finding isin line with
the available evidence suggesting that face-to-face or
technology-based ACT is an effective self-management
intervention for chronic pain and that it may be effective for the
treatment of chronic pain [23,34,66].

Pain catastrophizing has been identified asapsychosocial factor
that predicts adaptation to chronic pain and may contribute to
its development and chronicity. In this regard, severa studies
[28,67] have examined the associations between pain
catastrophizing and patient functioning and suggested that
genetic and interpersonal factors, family history, pain duration,
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and comorbidities moderate pain and are likely to influence the
strength of the association of the effects of catastrophizing on
pain.

However, another explanation for the effect of our multimodal
treatment may be related to patient-treatment matching.
Specifically, broader-spectrum multimodal treatments have a
greater likelihood of matching at |east one treatment component
to a patient’s strength or deficit [68].

The overall health state self-reported by the intervention group
improved after the intervention, although this effect was not
maintained over time. This may be explained by the fact that
the participants perceived an improvement in their health state
when performing the proposed weekly activities during the
treatment period because of the effort and time invested, which
is known as the Hawthorne phenomenon [69]. Motivation, or
the effect of feeling observed and cared for, may also have
played arole. It isimportant to remember that it takes time to
modify lifestyles and habits and see the benefits of change.

Moreover, the descriptive analysis of the EQ-5D dimensions
showed improvement in at least three of the five core outcome
domains (pain intensity, mobility, and activities of daily living)
compared with the control group. Thisfinding corroboratesthe
influence of attitudes and beliefs that may affect the
development of passive coping mechanisms such as rest and
medication versus the ability to adopt active strategies such as
physical activity and pain acceptance [70].

Strengths, Limitations, and Future Directions

This study has severa strengths. First, we developed a
multimodal program involving avariety of therapeutic activities
that could be standardized and used in the future for other
patients with chronic pain. An encouraging finding in thisline
was that the benefits of the treatment were largely maintained
at follow-up, which may suggest that these interventions lead
tothe acquisition of skillsthat result in behavior change, at |east
in the medium term. Second, ICTs were used in combination
with pharmacological and nonpharmacological therapeutic
treatments in the outpatient setting to evaluate their impact on
pain catastrophizing, pain acceptance, and quality of life. Third,
the fact that the patients did the programmed activitiesin their
natural environment is likely to promote self-efficacy, thus
supporting the importance of the self-management component
in interventions of thistype[25].

One of the most important limitations of our study wasthe low
response rate of the self-reported questionnaires sent viaemail.
It should also be noted that the sample sizewas small. Thismay
have affected the outcomes of theintervention and could explain
the significant differences found between the groups. However,
we cannot rule out the beneficial effect of the treatment on
catastrophizing in the intervention group as a good prognosis
of the disease and that, in the long term, these interventions
(physicd activity, psychoeducational therapies, pharmacol ogical
therapies, and health assets) are part of multi-professional
treatments to achieve the desired effects. Nevertheless, as we
used amultimodal therapy, we cannot really know the effect of
each individua intervention on the outcomes, and more studies
will be needed to determine the effects of specific interventions
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in patients with chronic pain. Therefore, caution must be
exercised when extrapolating our findings to the general
popul ation.

With regard to treatment adherence [5,71], we cannot reach
reliable conclusions. Although the electronic records of the
participants’ accessto and completion of the activitieswere not
analyzed, we do know that 85% (83/98) of the participants
completed the intervention program. This loss of participants
may have occurred because the self-reported assessment was
administered via email. Therefore, our treatment design could
be improved by administering the questionnaire through the
same mobile app, in interviews with the attending nurses, or by
telephone follow-up.

According to our results and the available evidence,
pharmacological treatments are most effective when they are
part of an overall multidisciplinary pain management plan that
also incorporates psychological, physical, and preventive
components[8,72-74]. Clearly, patientswith chronic pain should
be informed and educated to enable them to make decisions
about the most effective evidence-based strategy and ensure
that their pain is treated and managed in the best possible
manner.

A large number of studies have been conducted on | CT-based
interventions to promote self-management in people with
chronic pain [75-77], and there is evidence of high ICT
acceptance and satisfaction [ 72,73]. Indeed, astechnologies can
assist and support peoplein their daily lives and at any time of
the day [32], smartphones have become a very effective health
care tool. In our smartphone app, we have selected
evidence-based activities to address the various dimensions of
chronic pain. The activities are easily reproducible in many
environments and heath care fields and can serve as
complementary therapies for the comprehensive treatment of
people with persistent pain. Nonetheless, it should be noted that
self-management of pain is only effective when implemented
from a multidisciplinary approach as treatment response is
individual and there is no single approach that is beneficial for
all patientswith chronic pain. Therefore, for smartphone-based
apps to be successful in promoting the self-management of
chronic pain, we believe they should include self-monitoring,
goa setting, skill training, social support, and educational
components [ 78]. Moreover, many of these apps appear to have
been developed without the involvement of patients and health
care professionals and, to the best of our knowledge, few have
been tested in randomized trials to evaluate their impact on
health.

In future research, more attention should also be paid to the
participants’ gender as this could have affected our findings. It
is well-known that gender is strongly related to access to care
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and treatment response and that, although many patients who
experience pain are women, many stigmas are associated with
pain in men. Therefore, it is important that we gain a better
understanding of therole of gender in health care access aswell
asgender biasesin diagnoses, patient-professional interactions,
and treatment.

Further lines of research could improve the efficacy of
multimodal chronic pain interventions based on new
technologies, such as the refinement of treatments, the
identification of moderating factors that might influence
psychosocial variables, and their association with treatment
adherence. To evaluate which groups of patients are more
competent to self-manage a technology-based multimodal
intervention would have been ideal. In the same vein, it isalso
worth mentioning that, in our study, we did not specifically
assess satisfaction in relation to the use of technologies, and
this could be a promising line for future research.

In future research, it might be interesting to analyze data not
included in this study, such as mobile sensor data using
accelerometers, gyrometers, and other sensors to monitor
engagement and assess the timing of the activities.

Conclusions and I mplications for Practice

The results of our study suggest that multidimensional
treatmentsfor adultswith chronic painimprove catastrophizing,
quality of life, and psychological flexibility immediately after
treatment and that the effects are maintained for the primary
outcome of catastrophizing for at least 3 months following
treatment. This study has also shown that nonpharmacol ogical
treatmentsthat include physical and psychoeducational therapy
to promote active participation work well in combination with
pharmacological strategiesand that such interventionsimprove
self-reliance in patients with chronic pain and help them cope
constructively with pain.

The NO+Dolor app we have developed uses gamification to
teach patients distraction methods and divert their attention
away from pain as well as mindfulness techniques to improve
pain acceptance. It aso provides patients with a well-paced
program of exercises and information on the proper use of
medicationsto avoid side effects and helpsthem identify health
assets to engage in pleasurable activities or find the resources
they need. Moreover, the app-based mobile interventions we
have presented here are flexible and self-directed, promote
self-management in patients with chronic pain, and can be used
to complement face-to-face pain treatments.

Preventive interventions for people with chronic pain designed
from asal utogenic approach, are essential to promote well-being
and prevent further decline in health throughout life.
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in the creation of the audiovisual materials as this work would not have been possible without them. This study was funded by
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