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Abstract

Background: Multimorbidity is a highly prevalent phenomenon whose presence causes a profound physical, psychological,
and economic impact. It hinders help seeking, diagnosis, quality of care, and adherence to treatment, and it poses a significant
dilemmafor present-day health care systems.

Objective:  This study aimed to assess the effectiveness of improved treatment as usua (iTAU) combined with a blended
low-intensity psychological intervention delivered using information and communication technologies for the treatment of
multimorbidity (depression and type 2 diabetes or low back pain) in primary care settings.

Methods: A 2-armed, parallel-group, superiority randomized controlled trial was designed for this study. Participants diagnosed
with depression and either type 2 diabetes or low back pain (n=183) were randomized to “intervention + iTAU” (combining a
face-to-face intervention with a supporting web-based program) or “iTAU” alone. The main outcome consisted of a standardized
composite score to consider (1) severity of depressive symptoms and (2a) diabetes control or (2b) pain intensity and physical
disability 3 months after the end of treatment as the primary end point. Differences between the groups were estimated using
mixed effects linear regression models, and mediation evaluations were conducted using path analyses to evaluate the potential
mechanistic role of positive and negative affectivity and openness to the future.
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Results: At 3-month follow-up, theintervention + i TAU group (vsiTAU) exhibited greater reductionsin composite multimorbidity
score (B=—0.34, 95% Cl —0.64 to —0.04; Hedges g=0.39) as well as in depression and negative affect and improvements in
perceived health, positive affect, and opennessto the future. Similar positive effects were observed after the intervention, including
improvementsin physical disability. No significant differenceswerefound in glycosylated hemoglobin, painintensity, or disability
at 3-month follow-up (P=.60; P=.79; and P=.43, respectively). Path analyses revealed that the intervention had a significant
impact on the primary outcome, mediated by both positive and negative affect (positive affect: indirect effect=—0.15, bootstrapped
95% CI —0.28 to —0.03; negative affect: indirect effect=—0.14, bootstrapped 95% CI —0.28 to —0.02).

Conclusions: This study supports the efficacy of a low-intensity psychological intervention applied in a blended format on
multimorbidity in primary care. It justifies the exploration of the conceptualization of depression in type 2 diabetes aswell asthe

analysis of the implementation of such interventionsin routine clinical practice.

Trial Registration:
International Registered Report Identifier (IRRID):

(J Med Internet Res 2025;27:€56203) doi: 10.2196/56203
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Introduction

Background

Multimorbidity (ie, the presence of =2 chronic medical
conditions) isahighly prevalent phenomenon [1-4] that affects
1in 3adults[5] and has been increasing in recent decades[6-9].
Its presence has a significant physical, psychological, and
economicimpact and hinders help seeking, diagnosis, the quality
of care received, and adherence to treatment [10-14].
Multimorbidity studies conducted in Spain confirm that mental
illnesses, particularly major depression, negatively impact
quality of life and disability [15,16]. Comorbidity between
depression and chronic medical conditionsisone of theleading
global public health priorities [17]. Although hypertension is
very prevalent [15], the most disabling chronic medical
conditions are osteoarticul ar diseases (especially chronic pain),
diabetes, and cerebral infarction [15,16]. This study focuses on
2 physical conditions that are comorbid with depression and
that involve the greatest disability, loss in quality of life, and
higher health care costs: diabetes and chronic pain.

Despitethe high preval ence of multimorbidity worldwide, with
its consequent demand for care and important health and
economic consequences [18], much work remains to be done.
Multimorbidity interventions pose a challenge for present-day
health care systems [19]. As pointed out by a previous
meta-analysis, it isdifficult to improve outcomesin people with
multimorbidity, athough interventions oriented toward
depression or specific difficultiesand risk factorsare promising
[17]. There is consensus on the need for a comprehensive
assessment to identify patients with multimorbidity who are at
risk for negative health outcomes and to simultaneoudly treat
mental and physical comorbidities to prevent functional
limitations and future deterioration [20-24]. A comprehensive
approach is recommended, addressing not only the medical
conditions but also the social, cognitive, and functional issues
faced by these patients, as well as a stepped and personalized
approach, with therapeutic goal s being collaboratively negotiated
and regularly re-evaluated throughout the process, for example,
by applying the Ariadne principles [22,25]. Patient-oriented
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approaches, interventions to support self-management, and
training for health care professionals appear to be the most
frequent elements of interventions with the potential to have a
positive impact on patients with multimorbidity [26].

Interventions involving the use of information and
communication technologies (ICTs) have been suggested as a
promising resource for the provision of adequate and timely
support for the self-management of multimorbidity [27-29].
Severd studies have demonstrated the effectiveness of
personalized, |ICT-based interventions for treating depression
[30]. However, their effectiveness and cost-effectiveness have
not been assessed within a multimorbidity framework. We use
the term multimorbidity not only to refer to aspecific population
of patients but also to the way they are approached and treated
[31-33]. Studies focusing on comorbidity deal with only one
priority condition over another, instead of addressing
multimorbidity [34,35]. As a result, unlike studies using a
multimorbidity approach, such as this study, they neglect the
bidirectional relationship between the different conditions
present and their role or influence on the course of the total
index disease. Such approaches, such as using comorbidity,
contradict the general recommendation of managing all of a
patient's conditions simultaneously to prevent functional
limitations and subsequent decline. The comorbidity concept
is useful in secondary and tertiary care settings, while
multimorbidity is more useful in primary care (PC) [33].

Objectives

In this context, this study aimed to evaluate the effectiveness
of ablended low-intensity psychological intervention delivered
via ICTs for the treatment of multimorbidity (including
depression plus either type 2 diabetes or low back pain) in PC
settings. We hypothesized that the improved treatment as usual
(iITAU) intervention, enhanced by the delivery of 1CT-based,
low-intensity psychological therapy, would be more effective
for ameliorating multimorbidity symptomsin PC compared to
a group receiving only iTAU at 3 months after completion of
the program.
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Methods

Study Design

This was a parallel-group, superiority randomized controlled
trial (RCT) in which patients receiving treatment as usual by
their general practitioners (GPs) were randomized to receive
either (1) iTAU or (2) the sameiTAU combined with ablended
low-intensity internet-delivered psychological intervention,
which comprised 2 individual face-to-face sessions and 6
individual  web-based therapeutic  modules.  Upon
implementation of the protocol and commencement of the RCT,
and ultimately due to the outbreak of the COVID-19 pandemic,
the RCT management group was compelled to make severa
changesto the original study protocol [36]. Three major changes
were made to the original protocol [36], al of which were
discussed and agreed upon by thetrial management group before
their implementation and were approved by the Research Ethics
Committee of the Autonomous Community of Aragon (CEICA;
PI16/0259). Changes were made to (1) the number of
participants recruited, (2) the time point measurements, and (3)
the mechani stic outcome measures. These changes are addressed
in the corresponding sections.

Participants and Procedure

Participantswererecruited at PC health centers of the 3 Spanish
autonomous communities participating in thisstudy (Andalusia,
Aragon, and the Balearic Idlands). The inclusion criteria were
as follows: (1) minimum age of 18 years; (2) Diagnostic and
Satistical Manual of Mental Disorders, Fifth Edition diagnosis
of major depression or persistent depressive disorder, of mild
or moderate severity, expressed as a Patient Health
Questionnaire-9 (PHQ-9) score <14; (3) duration of depressive
symptoms of >2 months; (4) diagnosis of (a) type 2 diabetes
(diagnosis according to criteria of the American Diabetes
Association [ADA] [37]) or (b) low back pain (diagnosis of
nonspecific chronic low back pain according to the definition
established by the European Cooperation in Science and
Technology B-13 clinical practice guidelines [38] with a
duration of at least 6 months); (5) possession of and ability to
use a computer, an internet connection, and a mobile phone;
(6) ability to understand oral and written Spanish; and (7)
willingness to participate in the study and signing the
corresponding informed consent form. Thefollowing exclusion
criteriawere applied: (1) any diagnosis of a disease that might
affect the central nervous system (eg, brain condition, traumatic
brain injury, or dementia); (2) other psychiatric diagnoses or
acute mental illness (eg, substance dependence or abuse, history
of schizophrenia or other psychotic disorders, or eating
disorders), except for anxiety disorder or personality disorders;
(3) any medical, infectious, or degenerative disease that might
affect mood; (4) presence of delusional ideas or hallucinations,
whether consistent with mood; and (5) suicide risk.

The protocol [36] initially stated that this study would require
63 participantsin each arm to detect an expected medium effect
size on multimorbidity symptoms [39,40]. Nevertheless, to
provide enough statistical power to compare the participants
receiving psychological therapy versus those only receiving
iTAU, considering the comorbid disease that manifested in
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conjunction with depression (ie, type 2 diabetes or low back
pain), 4 possible subgroups were secondarily established,
resulting in a total of 252 participants. In addition, an
experimental mortality of approximately 15% was expected
[41], which meant that the required sample size was initially
estimated at approximately 300 participants. However,
challenges arose during the trial setup process in recruiting
patients with type 2 diabetes. Specifically, most patients with
type 2 diabetes were older adults who lacked access to the
internet or email and did not possess the basic computer skills
needed to participate in the study. This considerably slowed
down the recruitment phase of the trial. The focus on type 2
diabetes was originally decided because it isthe most common
type of diabetes (approximately 95%) and has amore prevalent
association with major depressive disorder, and it has been more
widely studied than other types of diabetes [42,43]. However,
given that this type of diabetes normally develops at a more
advanced age and itsrisk increases with age, patientswith type
2 diabeteswere much lessinclined to use |CTs and thus showed
greater reluctance to participate in this study. After serious
consideration, it was decided that the secondary comparison by
comorbid disease subgroup would be omitted. A new sample
size calculation was then performed that considered each trial
arm as awhole entity.

For this purpose, we retained the possibility of detecting a
similar intermediate effect size on multimorbidity symptoms
to test whether the trend in changes differed between the
intervention and control groups. This criterion was considered
clinically important in previous research [39,40]. We maintained
astatistical power (1-3) of 0.80, asignificancelevel of 5%, and
al:1adlocationratio. However, dueto the previously mentioned
recruitment challenges, we assumed a 1:2 ratio between
participants with depression and type 2 diabetes compared to
those with depression and low back pain in each group. On the
basis of the“timexgroup” interactionin ageneral linear repeated
measures (RMs) design with Greenhouse-Geisser correction
[44], and considering acorrel ation that decreases monotonically
with the time gap between RMs, a base correlation of 0.5, and
adecay rate of 0.3, along with the expected 15% mortality, we
estimated that atotal of 180 participantswould be needed. This
includes 90 participants in each group, with approximately 30
patients with comorbid depression and type 2 diabetes and 60
patients with comorbid depression and low back pain.

Patients were recruited by GPs working in PC centers of the
previously mentioned Spanish autonomous communities, who
subsequently sent the referral and consent forms of potential
participants to the evaluating investigator. The evaluating
investigator then contacted the participants to schedule the
screening assessments and recorded the psychologica and
biological variablesto determinetheir inclusion. Randomization
was performed in blocks of patients based on the PC center and
comorbid disease (ie, type 2 diabetes or low back pain). An
independent researcher unrelated to the research team generated
theindividual randomization list using arandomization software.
A researcher from the research team not involved in any other
project-related task, together with an independent GP, performed
data monitoring tasks. For further information regarding
masking and procedures, refer to the protocol by
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Monreal-Bartolomé et a [36]. Participants gave their consent
for inclusion beforelearning which treatment they were assigned
to and were alowed to withdraw from the study at any time.

Interventions

iTAU at PC Level

All the patientsincluded in this study (both thosein the control
group and those included in the intervention group) were given
their usual treatment by their GPs in PC. This treatment is
described as improved because the participating GPs received
atraining program based on the widely used Spanish guidelines
for the treatment of depression in PC, which are based on the
National Institute of Health and Care Excellence guidelines
[45].

Blended Low-I ntensity | nternet-Delivered Psychol ogical
Program

The blended, low-intensity, internet-delivered psychological
program was received only by the intervention group. It
consisted of 2 face-to-faceindividual sessionsand 6 web-based
individual and interactive therapeutic modules. The web-based
therapeutic modules were oriented to work on different
psychological techniques and therapeutic strategies that have
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demonstrated their efficacy for treating depression, diabetes,
and chronic low back pain, including motivational techniques,
psychoeducation on depression and healthy lifestyle, behavioral
activation, positive psychology, and mindfulness-based
components [46-55]. These modules were supported by
multimedia materials (eg, videos and audios) and had an
approximate duration of 60 minutes each.

The content of the program is summarized in Tables 1 and 2.
The structure of the modules consistently followed the same
pattern [36] and concluded with suggested assignmentsto enable
the material covered to be practiced. Before the commencement
of each module, the participants were prompted to confirm their
completion of the recommended assignments, and they received
aresponse either congratul ating them for finishing the tasks or
encouraging them to do so. Completing these assignments is
considered crucial for consolidating the knowledge acquired in
the program and for tranglating the strategies of the program
into skills. To improve engagement, after a period of inactivity
on the software (which was scheduled according to the
preferences of the patient), usersreceived an email reminder to
continue completing the modules. The program was designed
to last between 8 and 12 weeks.
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Table 1. Overview of the program modules.

Monreal-Bartolomé et a

Module or session

Interventions

Aims and contents

Face-to-face session 1 + MO?
(program presentation)

M1: understanding emotiond is-
suesin medical illnesses

M2: healthy lifestyle habits and
diabetes or chronic pain

M3: learning how to live

M4: life satisfaction

M5: mindfulness and self-com-
passion

Face-to-face session 2

M#6: So, what happens next?

Motivational techniques

Psychoeducation on depression

Education, information, practical
exercises, and specific techniques
on how to build and maintain a
healthy lifestyle

Behavioral activation

Positive psychology

Components of M BCT? and
some basic elements of self-
compassion

Review of the modules already
completed and practice

Relapse prevention and mainte-
nance

To increase participant adherence to face-to-face sessions and assignments. To
present the web-based program and train the patients in the procedure and to
log in and use it on their home computers.

To develop anew attitude, understanding problems and difficulties as something
inherent to daily life, and seeing them as opportunities for learning and growth.
Theimpact of depression onthe quality of lifeand functional capacity of patients
aswell as on the prognosis of chronic diseases (such as diabetes and chronic
pain) was described. In addition, specific techniques and useful and practical
tips to reduce stressin daily life were explained.

To work on the healthy lifestyle component, including physical activity, diet,
good deep (relating it to the physical conditionsthey experience, such as diabetes
and chronic pain), and the development of asocial support network.

To learn to establish and maintain an appropriate level of activity and involve-
ment with life and to schedul e activities (especialy meaningful ones) and incor-
porate them into their routine. It is explained that the abandonment of activities
that occurs when thereis discomfort is not beneficial, but rather worsens the
problems. The program aso emphasizes the role of activity in mood regulation
and physical well-being, highlighting the importance of staying active and en-
gaging in activitiesthat are meaningful, satisfying, and aligned with their values.

To recognize theimportance of positive emotionsand learn strategiesthat create
positive experiences, encouraging participation in enjoyable and meaningful
activities, social interaction, improving mood, and supporting effective manage-
ment of diabetes and chronic pain.

To establish aregular formal practice of mindfulness and self-compassion as
well asaregular informal practice. Thismoduleincludes componentsof MBCT

and MBSRE, which have shown positive and promising results in patients with
depression, but also diabetes, chronic pain, and multimorbidity [54,56,57]. The
section on distancing thoughts to reduce discomfort is particularly important as
it allows patients to differentiate between primary and secondary diseases and
the causes of each.

This semistructured session includes the following objectives: (1) resolution of
doubts; (2) performing some of the most important practices, also considering
the preferences of each patient (3) emphasis on the continuous practice of the
strategies learned; and (4) farewell and completion of the intervention.

To reinforce the strategies |earned during the program, encourage participants
to continue practicing these strategies throughout the follow-up period and teach
them how to identify and cope with future high-risk situations related to depres-
sion, diabetes, or chronic pain.

M1, M2, M3, etc, refers to module numbers.
BMBCT: mindfulness-based cognitive therapy.
“MBSR: mindfulness-bases stress reduction.

Table 2. Overview of the program transversal tools.

Transversal tools

Aims and contents

Behavioral activation
diary

Calendar

How am |

Thistool was designed to focus the attention of the patients to the activities they perform daily; what they spend their time
doing; and how thisinfluences their mood, medical condition, and coping ability.

Thistool provides patients with written information regarding their progress throughout the program.

Thisisatool that provides patients with visual feedback regarding their evolution throughout the program in terms of both

their activity level and theintensity of pain aswell astheir positive (excited, energetic, vital, etc) and negative (upset, fearful,

stressed, grumpy, tense, etc) emotionality.
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M easures

Overview

During this study, a modification was made to the time point
measurements. Theinitial protocol originally stated [36] that 4
time pointswould betaken (ie, baseline, posttreatment, 3-month
follow-up, and 6-month follow-up), with the last measurement
being the primary end point. However, the outbreak of the
COVID-19 pandemic in 2020 severely affected life in Spain.
As a nationwide lockdown was declared in March 2020, this
resulted in PC centers being closed to the public. The COVID-19
pandemic impacted Spanish PC centers, headth care
professionals, patients, and the general population in various
ways—emotionally, socialy, and ultimately, in terms of the
health care services provided and received. With regard to this
RCT, the COVID-19 pandemic outbreak coincided with the
final phase of the study, immediately before the last follow-up
measurement. Consequently, we had completed the initial
baseline measurement as well as delivery of the intervention,
postintervention measurement, and the 3-month follow-up
measurement, with the 6-month follow-up measurement yet to
be conducted. Thus, the most significant impact of the
COVID-19 pandemic was on data collection for the primary
outcome at 6 months. Several possibilities were considered,
although they all pointed to the measurements being seriously
compromised in terms of data collection and quality (eg,
uncertainty about when PC centers might reopen and social
distancing issues). As a result, the feasibility, validity, and
accuracy of the estimates—along with the ability to generalize
the study results beyond the specific circumstances faced by
the Spanish population during the COVID-19 pandemic—were
called into question. Therefore, it was decided that the primary
end point would be changed from 6-month follow-up to 3-month
follow-up after treatment, which was a measure that remained
unaffected by the complex and unusual circumstances brought
about by the COVID-19 pandemic. Ultimately, the difficult
situation at the time prevented us from performing the 6-month
follow-up measurement.

Sociodemographic Data

The following sociodemographic variables were collected at
baseline: self-identified sex, age, marital status, education,
employment, and income.

Main Outcome

Inlinewith previous RCTs[58-60], the main outcome consisted
of acomposite score that considered (1) severity of depressive
symptoms and (2a) diabetes control or (2b) pain intensity and
physical disability.

The severity of depressive symptoms was measured using the
PHQ-9 [61,62]. The PHQ-9 consists of 9 questions that
correspond to the criteria for diagnosing major depressive
disorder in the Diagnostic and Satistical Manual of Mental
Disorders, Fifth Edition. Respondents rate the frequency of
their experiences over the past 2 weeks, ranging from “not at
al” to “nearly every day.” The PHQ-9 covers different aspects
of depression, including mood, energy levels, deep, appetite,
and concentration. Scores for each question are added up to
provide an overall severity score (range 0-27). These scoresare

https://www.jmir.org/2025/1/e56203
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categorized according to the severity of depression: minimal or
mild depressive symptoms (0-10), mild (10-14), moderate
(15-19), and severe (20-27) [63]. The Spanish version of the
PHQ-9 has demonstrated adequate psychometric properties
[61,62].

Diabetes control was measured using glycated hemoglobin
(HbA ). HbA . isavital tool for effective diabetes management.
It represents the proportion of hemoglobin in the blood that has
bound to glucose over an extended period, typicaly 2 to 3
months. Regular measurement of HbA ;. allowstracking progress
over time and evaluating whether lifestyle changes or therapy
are having an effect. The ADA has defined the following 3
cutoff points: <5.6% (nondiabetes), between 5.7% and 6.4%
(prediabetes), and =6.5% (compatible with a diagnosis of
diabetes) [64]. Likewise, the ADA maintains alevel of HbA .
<7% asthe goal for the treatment of patients with diabetes.

Pain intensity and physical disability were assessed using the
Faces Pain Scale-Revised (FPS-R) [65] and the Roland-Morris
Disability Questionnaire (RMDQ) [66], respectively. The FPS-R
isaself-report visual measure in which the patient chooses the
face that best represents the level of pain being experienced,
with the all ocation of ascore of 0, 2, 4, 6, 8, or 10, where 0="no
pain” and 10="very much pain.” The RMDQ was designed to
reliably determine the level of physical disability (ie, the
limitation in the performance of daily activities) resulting from
nonspecific low back pain. It ranges between O (absence of
disability for back pain) and 24 (maximum possible disability).
A change in the score on this scale is clinically significant if it
is =2 [66-68]. The Spanish version of the RMDQ has
demonstrated adequate psychometric properties [66].

The composite score was obtained by combining these
components after weights were assigned to them. For (2a),
weightage of 50% was assigned both to the severity of
depressive symptoms and diabetes control. For (2b), first, the
same weightage of 50% was assigned to pain intensity and
physical disability (to obtain acomposite, including both), and,
second, to the severity of depressive symptomsand pain (which
included the previous pain measure of intensity and physical
disability). These equal weights were added together to yield a
standardized composite score that reflected the combination of
the 3 components mentioned earlier. This composite score
provides acomprehensive measure of comorbidity that considers
both depressive symptoms and either diabetes control or pain
intensity and physical disability in asingle metric.

Secondary and Mechanistic Outcomes

Perceived health status was assessed as a secondary outcome
using the 12-item Short Form Survey (SF-12) [69]. The SF-12
questionnaire is widely used in both clinical and research
settings. A total scoreiscalculated after coding and transforming
theitemsthat range from O (worst possible health status) to 100
(best possible health status) [70]. The SF-12 has demonstrated
appropriate psychometric qualities [71,72] and has been
validated in Spanish [73].

Asanew addition to the protocol, it was decided that ameasure
of affectivity (ie, positive and negative affect) would be added
as a potential mechanistic variable. The rationale for this was
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to be able to evaluate the potential effects of changes in
affectivity on promoting better outcomes. For this purpose, the
Positive and Negative Affect Schedule (PANAS) was used
[74,75]. This self-report measure consists of 2 subscales:
positive and negative affect. Each of the subscales includes 10
adjectives, which must be rated on a scale ranging from 1="not
a all or very dlightly” to 5="very much,” depending on the
degree to which each adjective describes the state of mind in
which participants generally find themselves. The maximum
scoreis50 for each of the subscales. This scale has shown good
psychometric properties [74-76].

Finally, we used the Openness to the Future Scale (OFS) [77]
to specifically measure positive affectivity toward the future as
a potential mechanism. This variable can be an indicator of
psychological adjustment and a protective factor for mental
health. The OFS is a self-reported questionnaire composed of
10 itemsthat are scored on ascalefrom 1 (“strongly disagree”)
to 5 (“strongly agree”). A total openness to the future score is
obtained by summing the scores of all items (after reversing
item 6). The OFS has shown good psychometric propertiesin
the Spanish population [77].

Data Analyses

Datawere analyzed using StataV.18.0 statistical software[78].
Firgt, sociodemographic and outcome descriptive dataat basdline
(ie, preintervention) were analyzed using frequencies
(percentages), medians (IQR), and means (SD), according to
their level of measurement and statistical distribution. We
evaluated the success of randomization by visual inspection.

The primary analysis consisted of a comparison between the
intervention + iTAU and iTAU groups at a 3-month follow-up
after the intervention ended, considering the main outcome as
acontinuous variable. The main outcome was acomposite score
[36] that included the following: (1) depressive symptom
severity using the PHQ-9 [61] and (2a) control of diabetes
measured by HbA ;. or (3b) painintensity using the FPS-R [65]
and physical disability using the RMDQ [66]. The composite
score was wel ghted to give a continuous standardized aggregate
score. Theprimary analysiswasperformed using an RM design
on amodified intention-to-treat (ITT) basis, that is, we analyzed
complete cases due to the high proportion of missingness and
explored patterns of missing data. We used multilevel linear
mixed regression model swith the restricted maximum likelihood
method for the estimation of parameters, controlling for age
and sex as covariates. The “treatment-by-time” interaction was
calculated to determine possible differences between the study
arms. The slope coefficient (B), representing the between-group
adjusted mean difference change (ie, the interaction term), and
its 95% Cl were calculated (within-group adjusted mean
difference changes and 95% Cls are also provided). Hedges g,
as an effect size measure of between-group differences, was
calculated from the raw data, with Hedges g=0.2 (small effect),
Hedges g=0.5 (intermediate effect), and g=0.8 (large effect)
[79]. We used a 2-sided test with a.05 significance level.

The same analytical approach was used to perform secondary
analyses for the main outcome at postintervention as well as
for the components of the composite score and for the secondary
and mechanistic outcomes at postintervention and 3-month
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follow-up. We corrected for multiple comparisons by adjusting
the significance threshol d based on the number of comparisons
and the rank of the P vaue according to the
Benjamini-Hochberg procedure [80].

Additional post hoc sensitivity analyses were also conducted
using complier average causal effect (CACE) or instrumental
variable (1V) methods [81] to further investigate the impact of
compliance with the program on the composite (primary
outcome) at postintervention and at 3-month follow-up, while
accounting for potential hidden confounding relationships. A
participant in the intervention + iTAU arm was considered a
complier if they attended the 2 face-to-face sessions and
completed the 6 web-based modules. For this purpose, a2-stage
least squares IV approach was used. In the first stage of
regression, marital status, employment, and diagnosis were
included as predictors of compliance. In the second stage of
regression, age, sex, and the composite at preintervention were
introduced as predictors of the outcome at postintervention or
3-month follow-up. The allocated group was used as an IV to
define compliance. Results are presented in terms of
unstandardized regression coefficients, along with their
corresponding 95% CI and P values.

Therole of positive affect, negative affect, and opennessto the
future as mediators of improvements in the main outcome was
explored. For this purpose, (1) the primary outcome at follow-up
was considered the dependent variable; (2) pre-post differential
scores of positive affect, negative affect, and openness to the
future were calculated and included as process variables; and
(3) the group condition (with 2 possibilities: intervention +
iTAU vs iTAU) was considered the independent variable.
Modelsincluded the main outcome at preintervention, age, and
sex as covariates. The mediating analyses were conducted using
path analysesfor continuous dependent variables. Standardized
regression coefficients for bootstrapped indirect effects were
estimated, along with their 95% Cls based on 10,000
bootstrapped samples. A significant mediating effect was
considered when the 95% CI did not include zero [82].

Ethical Consider ations

This study was approved by the research ethics committee of
each of the autonomous communitiesinvolved (CEICA Aragon:
PI16/0259, CEl Baearic Idands. IB 3402/17 Pl, and the
Regional Ethics and Research Committee of the province of
Malaga: 03/2017 I CPS 2) and was designed in accordance with
the ethical standards laid down in the Declaration of Helsinki
and its later amendments. Modifications to the published
protocol [36] were approved by the research ethics committee
of the autonomous community corresponding to the leading
group (CEICA Aragon, PI16/0259). Written informed consent
was obtained before screening, and exclusion criteria were
applied afterward. Asthisstudy involved the use of theinternet,
AES strategies for data encryption and personal password use
were implemented to ensure the protection of persona
information. The data were treated anonymously and
confidentially and were used solely for the purposes of the study.
Study participants did not receive any compensation for their
participation, other than receiving improved treatment for their
condition.
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Results

Flow, Baseline Characteristics, and Compliance

Asshownin Figure 1, after excluding 112 (37.9%) participants
(who did not meet the inclusion criteria) from the initial 295,
theremaining 183 (62.1%) individual swere randomly assigned
to 1 of the 2 experimental conditions (intervention + iTAU:
n=93, 50.8%; i TAU: n=90, 49.2%). The participantswere mostly
women (132/183, 72.1%) with a mean age of 51.36 (SD 11.3)
years, and there were no important differences in either
sociodemographic or clinical characteristics betweenthe 2 arms
that might suggest prognostic strength (Table 3). In line with
the CONSORT (Consolidated Standards of Reporting Trials)
guidelinesfor reporting parallel-group RCTs and following the

Monreal-Bartolomé et a

recommendation to avoid conducting probability tests on
potential baseline differencesthat may have occurred by chance
dueto random assignment, we did not perform such hypothesis
testing. This type of testing is unnecessary because it
the likelihood that observed baseline differences happened by
chance, and asrandom assignment has already been performed,
thisis aready understood. Instead, we based our comparisons
of sociodemographic and clinical dataat baseline on the size of
potential chance imbalances and their prognostic relevance
[83,84]. In this regard, there were no significant differencesin
sociodemographic or clinical characteristics between the two
groups that could suggest prognostic strength (Table 2).
Therefore, no additional covariates were included in the
subsequent analytical models beyond those prespecified in the
protocol, namely, age and sex.

Figure 1. Participant flow diagram. Numbers at posttreatment and follow-up evaluations reflect those cases in which at least 1 of the variables that
make up the composite multimorbidity main outcome measure were obtained. iTAU: improved treatment as usual.
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Table 3. Baseline characteristics of patients by treatment group (N=183).
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Characteristics

Intervention + iTAU® (n=93)

iTAU aone (n=90)

Sociodemographic data

Age (y), mean (SD)

Sex (female), n (%)

Marital statusb, n (%)
Married or relationship
Single
Separated or divorced
Widowed

Place of residence, n (%)
Own home
Relative’'s home
Neighbor’s or friend’s home
Other

Education, n (%)
No studies
Primary studies
Secondary studies
Tertiary studies

Employment, n (%)
Unemployed
Employed
Home duties
Student
Sick leave

Retired

Income®, n (%)
<National minimum wage (US $600)
1-2 x national minimum wage (US $600)
2-4 x nationa minimum wage (US $600)
>4 x national minimum wage (US $600)
Clinical data
Diagnosis, n (%)
Pain
Diabetes
Medications, median (IQR)
Analgesics, n (%)
Antidepressants, n (%)
Antiepileptics, n (%)
Antipsychotics, n (%)
Antidiabetics, n (%)
Antithyroid, n (%)

51.20 (11.16)
74 (79)

56 (61)
17 (19)
17 (19)
2(2

79 (86)
4(49
0(0.0)
9 (10)

0(0)

22 (24)
55 (60)
15 (16)

24.(26)
24 (26)
2(2
1(2)
22 (24)
19 (21)

25 (27)
30(33)
22 (24)
1(1)

70 (75)
23 (25)
3(2-4)
57 (61)
39 (42)
16 (17)
1(1)

21(23)
5 (5)

51.51 (11.51)
58 (65)

54 (60)
16 (18)
12 (13)
8(9)

75 (83)
5(6)
1(2)
9(10)

6(7)

17 (19)
39 (43)
28 (31)

28 (31)
38 (42)
5(6)
0(0)
8(9)
11(12)

20 (22)
31 (34)
26 (29)
4(4

63 (70)
27 (30)
3(2-4)
50 (56)
37 (41)
7(8)
0(0)
23(26)
4(4)
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Characteristics

Intervention + iTAU® (n=93)

iTAU alone (n=90)

Anxiolytics, n (%)
Cardiovascular medication, n (%)
Corticosteroids, n (%)
Insulin, n (%)
NSAIDs?, n (%)
Other, n (%)
Composite (range —2.25 to 2.25), mean (SD)

PHQ-9° (range 0-27), mean (SD)
RMDQ' (range 0-24), mean (SD)
FPS-RY (range 0-10), mean (SD)
HbA 1" (diabetes: 26.5), mean (SD)
SF-12' (range 0-100), mean (SD)

PANA§-posi tive subscale (range 10-50), mean (SD)
PANA S-negative subscale (range 10-50), mean (SD)

OFS¥ (range 10-50), mean (SD)

45 (48) 33(37)
32(34) 34(38)
4(4) 4(4

5(5) 7(8)

1(2) 0(0)
30(32) 36 (40)
-0.02 (0.74) 0.05 (0.81)
14.48 (5.34) 13.84 (5.79)
13.54 (5.54) 14.38 (6.13)
4.86 (2.15) 5.11(2.47)
6.78 (0.66) 7.77 (2.48)
30.33 (19.28) 31.84 (18.36)
20.32 (6.48) 20.97 (7.34)
26.35 (7.72) 26.06 (8.50)
30.82(8.12) 29.97 (8.06)

3TAU: improved trestment as usual.

BMarital status, place of residence, education, and employment: 1 missing in the intervention arm.
CIncome: 15 missing in the intervention arm, and 9 missing in the control arm.

dNSAID: nonsteroidal anti-inflammatory drug.
€PHQ-9: Patient Health Questionnaire-9.

Rm DQ: Rolland-Morris Disability Questionnaire.
9FPS-R: Faces Pain Scale-Revised

i bA 1. glycosylated hemoglobin.

ISF-12: 12-item Short Form Survey.
IPANAS-positive: Positive and Negative Affect Scale.
KoFs: Openness to the Future Scale.

On average, the PHQ-9 indicated moderate |evel s of depression
(mean 14.18, SD 5.55) in the total sample, the RMDQ suggested
adysfunctional low back pain status (mean 13.93, SD 5.82) in
the subgroup with low back pain, and the HbA ;. value confirmed
the presence of diabetes (mean 7.09, SD 1.51) in the type 2
diabetes subgroup. More than half of the sample (107/183,
58.5%) was taking analgesics, which was the most common
medication. In total, 95% (89/93) of the participants in the
intervention + iTAU arm attended thefirst face-to-face session,
and 63% (59/93) of the participants attended the second
face-to-face session. The median (IQR) number of modules
attended in the intervention arm was 4 (out of 7), with amean
of 4.02 (SD 2.75). Pogtintervention retention ratesin the primary
outcome (ie, composite score) were 37% (35/93) in the
intervention + iTAU arm and 54% (49/90) in the iTAU arm,
with rates of 49% (46/93) and 55% (50/90), respectively, at
follow-up. At the 3-month follow-up (primary end point), higher
age, being separated or divorced, and having adiabetesdiagnosis
(as well as taking antidiabetics and insulin) were significantly
associated with a higher probability of attrition. On the other
hand, being employed, engaging in household chores, being on
sick leave, and taking analgesics and antiepileptics were

https://www.jmir.org/2025/1/e56203

significantly associated with a lower probability of study
attrition (Multimedia Appendix 1).

Effectson Primary and Secondary Outcomes at
Primary End Point

The study outcomes are reported by trial arm status at
postintervention (Multimedia Appendix 2) and 3-month
follow-up (Table4). At 3-month follow-up (primary end point),
the within-group analyses of the intervention + iTAU group
based on a modified ITT basis reveded significant
improvements in the composite score (main outcome) as well
as in depression (PHQ-9), perceived health status (SF-12),
positive  affect (PANAS-positive), negative  affect
(PANAS-negative), and openness to the future (OFS; Table 4).
However, there were no significant effects on HbA ;. or pain
intensity and disability (RMDQ and FPS-R). At 3-month
follow-up, the within-group analyses of the iTAU group based
on a modified ITT basis showed no significant effects in any
of the outcomes (Table 4). At 3-month follow-up, there was
evidence that the intervention + iTAU group achieved a
significantly greater reduction in the composite score (main
outcome) compared toi TAU (B=-0.34, 95% Cl —-0.64 t0—0.04),
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with small-to-medium effects (Hedges g=—0.39). Furthermore,
compared to iTAU, the intervention + iTAU group showed
greater reductions in depression (PHQ-9: B=-3.92, 95% ClI
—5.70t0—2.15) and negative affect (PANA S-negative: B=—3.67,
95% Cl —6.63 to —0.71) and greater improvementsin perceived
health status (SF-12: B=9.04, 95% CI 3.21-14.87), positive
affect (PANAS-positive: B=4.73, 95% Cl 2.01-7.45), and

https://www.jmir.org/2025/1/e56203
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opennessto the future (OFS: (B=4.73, 95% CI 2.01-7.45), with
small-to-large effects (Hedges g ranging from 0.36 to 1.13 in
absolute value). However, no significant differences in HbA .
or pain intensity and disability (RMDQ and FPS-R) were
identified in the comparison between the intervention + iTAU
group and the iTAU group at 3-month follow-up.
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Table 4. Descriptive statistics and main comparisons for primary and secondary outcomes at 3-month follow-up.
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Participants,n Intervention+  iTAU aone,  Within group, B (95% CI) Between group
(intervention, iTAU, mean mean (SD)
iTAU?) (SD)
Intervention +
iTAU iTAUdone d Pvaue® B (95%Cl)
Primary outcome
Composite(range—2.25 46, 50
t0 2.25)
Baseline -0.10 (0.79) -001(0.80) _c¢ — S — —
Follow-up -0.21 (0.86) 0.19 (0.86) -0.13(-0.37 020(-0.02to -039 .02 -0.34(-0.64
to—0.02) 0.43) t0—0.04)
Secondary outcomes
PHQ-9Y (range0-27) 4761
Baseline 13.89 (5.97) 1341 (545 — — - = —
Follow-up 9.79 (6.46) 13.05(6.45) —4.30(-556 -0.50(-1.73 -065 <.001 -3.92(-5.70
t0—-3.04) 10 0.72) to-2.15)
RMDQ® (range0-24) 33,44
Baseline 13.36 (5.49) 14.00 (6.05) — — S — —
Follow-up 13.06 (6.28) 14.39(6.18) —0.36(-1.90 0.04(-0.87to 012 .43 —0.74 (-2.58
to0 1.18) 0.95) t01.10)
FPSR' (range0-100 3344
Baseline 4.67 (1.78) 5.00(218) — — S — —
Follow-up 5.21 (2.50) 573(2.05  0.43(-0.37to 0.65(-0.13to -010 .79 -0.14(-1.13
1.23) 1.43) to 0.86)
HbA,Jd (diabetes: >6.5) 16:5
Baseline 6.73 (0.66) 7.54 (1.40) — — - = —
Follow-up 6.89 (1.31) 754(2.08) 0.23(-0.26to -0.01(-0.78 0.18 .60 0.23 (-0.61
0.72) t0 0.77) to 1.07)
SF-12" (range0-100)  47.60
Baseline 33.91(19.43) 33.17(17.81) — — S — —
Follow-up 4346 (24.01) 33.04(21.95) 10.81(598 1.19(-2.25t0 052 .002 9.04(3.21to
t015.64) 4.63) 14.87)
PANA§-positive sub- 4459
scale (range 10-50)
Baseline 20.68 (7.14) 21.47(7.05) — — S — —
Follow-up 25.36 (9.77) 21.24(8.88) 4.84(204t0 -0.03(-1.86 113 .001 473(2.01to
7.64) to 1.80) 7.45)
PANAS-negativesub- 44,59
scale (range 10-50)
Baseline 25.89 (8.50) 27.17(846) — — S — —
Follow-up 21.09 (8.34) 25.47(9.31) -505(-714 -132(-3.14 -036 .02 -3.67(-6.63
to—2.95) to 0.50) t0—0.71)
OFY (range1050) 47,60
Baseline 31.02 (7.86) 3043(818) — — - - —
Follow-up 34.06 (9.01) 30.32(8.13) 3.13(0.98to 0.03(-1.60to 0.39 .02 3.08(0.55t0
5.29) 1.68) 5.62)
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% TAU: improved treatment as usual.

Monreal-Bartolomé et a

bAll significant results remained significant after correction for multiple comparisons using the Benjamini-Hochberg method.

®Not applicable.

dPHQ-Q: Patient Health Questionnaire-9.

®RMDQ: Rolland-Morris Disability Questionnaire.
"FPS-R: Faces Pain Scale-Revised.

9HbA 1 glycosylated hemoglobin.

NSF-12: 12-item Short Form Survey.

IPANAS: Positive and Negative Affect Scale.
loFs: Openness to the Future Scale.

Effectson Primary and Secondary Outcomes at
Secondary End Point

At postintervention, the within-group analyses of the
intervention + iTAU group based on a modified ITT basis
reveal ed significant improvementsin the composite score (main
outcome) as well as in depression (PHQ-9), pain intensity
(RMDQ), HbA,, perceived hedlth status (SF-12), positive affect
(PANAS-positive), negative affect (PANAS-negative), and
opennessto the future (OFS); however, there were no significant
effects on pain disability (FPS-R; Multimedia Appendix 2). At
postintervention, the within-group analyses of the iTAU group
based on amodified ITT basis showed a significant worsening
in the composite score (main outcome); however, there were
no other significant effects (Multimedia Appendix 2). At
postintervention, there was evidence that the intervention +
iTAU group achieved a significantly greater reduction in the
composite score (main outcome) compared to iTAU (B=-0.63,
95% CI —0.94 to —0.31), with large effects (Hedges g=—0.85).
Furthermore, theintervention +iTAU group al so showed greater
reductions in depression (PHQ-9: B=-5.02, 95% CI —6.77 to
—3.26), low back pain disability (RMDQ: B=-2.28, 95% ClI
—4.10t0-0.46), and negative affect (PANA S-negative: B=—-5.52,
95% Cl —8.45 to —2.60) and greater improvementsin perceived
health status (SF-12: B=13.55, 95% Cl 7.77-19.33), positive
affect (PANAS-positive: B=5.25, 95% Cl 2.56-7.93), and
openness to the future (OFS: B=3.16, 95% CI 0.64-5.67), with
small-to-large effects (Hedges g ranging from 0.38 t0 0.88 in
absolute value). However, no significant differences in HbA ;.

and pain intensity (FPS-R) were identified in the comparison
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between the intervention + iTAU group and the iTAU group at
postintervention.

Effect of Compliance With the Program

Theresults of the CACE or 1V analysesrepresent an estimation
of theintervention effect among the subpopul ation of compliers
in the intervention arm, compared to those in the control arm
who would have complied with the intervention had they been
offered it. The CACE or IV analyses indicated evidence of a
relationship between the completion of the program and the
composite score (main outcome) at postintervention (B=—1.04,
95% CI —1.56 to —0.52; P<.001). These analyses also showed
evidence of a relationship between the completion of the
progran and the composite (main outcome) at 3-month
follow-up (B=-0.54, 95% CI —1.01 to —0.07; P=.03).

Analysis of Mediating Variables

The results of the path analyses on the primary outcome
(composite score) aredetailed in Table 5, where the independent
variable is the group condition (intervention + iTAU vsiTAU).
Three models controlled for the main outcome at baseline, age,
and gender were tested (ie, positive affect, negative affect, and
opennessto the future as potential mediators of the effect of the
intervention on the outcome); however, only positive affect and
negative affect showed a significant indirect effect (positive
affect: ab=-0.15, bootstrapped 95% CI —-0.28 to —0.03 and
negative affect: ab=—0.14, bootstrapped 95% Cl —0.28 t0 —0.02).
After controlling for the mediators, the direct effect (path c) of
the intervention was significant and of the same sign as the
indirect effects in both models, suggesting a “complementary
mediation.”
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Table 5. Direct and bootstrapped indirect effects in the mediational models.
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Main outcome® and mediators® (R?)S, and direct effects Indirect effects
Path? Coefficient® P value' Path Coefficient? 95% CIf
Composite (0.57)
Positive affect (0.16) axb -0.15 -0.281t0-0.03
d 0.76 001
b -0.19 03
ok -0.57 .001
d -0.42 .01
Composite (0.55)
Negative affect (0.15) axb -0.14 -0.28t0 -0.02
a -0.60 .007
0.22 .007
c -0.56 .001
c -0.42 .009
Composite (0.58)
Openness to the future (0.12) axb -0.06 -0.18t0 0.01
a -0.15 .07
0.37 .10
c -0.54 .001
c -0.48 .003

#The dependent variable (main outcome) is the composite score at 3-month follow-up.

5The potential mediators, highlighted in italics (positive affect, negative affect, and openness to the future), were based on pre-post change scores.

°RZ: variance explained by regression models.

9path coefficients are (standardized) ordinary least squares—based regression coefficients.

Coefficient: (standardized) slope.
P valuerelated to t test.

9The product of “ab” is the bootstrapped indirect effect using 10,000 samples.

Pt is the 95% CI of the bootstrapped indirect effect using 10,000 samples.
ia the direct path between the independent variable and the mediator.

Ip: the direct path between the mediator and the outcome.

ke': total effects.

lc: direct effect of the independent variable on the dependent variable after adjustment for mediating effects.

Discussion

Principal Findings

The main aim of this trial was to evaluate the effectiveness of
alow-intensity psychotherapy program (intervention + iTAU)
applied in a hybrid form with face-to-face and internet-based
sessions (ie, blended), for the treatment of multimorbidity
between mild to moderate severity depression and either type
2 diabetes or chronic low back painin PC, compared to agroup
that only received iTAU. It was observed that the intervention
+ iTAU group achieved a significantly greater reduction in the
composite score (main outcome) compared to iTAU, with large
effects at postintervention and small-to-medium effects at
follow-up. In addition, compared to iTAU, the intervention +
iTAU group showed greater reductions in depressive

https://www.jmir.org/2025/1/e56203
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symptomatology, low back pain disability, and negative affect
at postintervention, athough not at follow-up, where only
reductions in depression and negative affect were maintained.
On the other hand, greater improvements in perceived health,
positive affect, and openness to the future were observed in the
intervention + iTAU group versus iTAU, with small-to-large
effects at both time points. However, no significant differences
in HbA . or pain intensity were identified in the comparison
between the intervention + iTAU group and the iTAU, either
at postintervention or 3-month follow-up.

Comparison to Prior Work

These results align with previous literature, indicating the
effectiveness of psychological intervention programs for
multimorbidity in improving depressive symptomatology,
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whether  delivered face-to-face or through ICTs
[20,35,49,51,52,85-95]. With regard to pain, the few studies
that tested psychotherapy tools delivered via ICTs in these
patients showed varying results [96]. While some studies
achieved improvements in either disability and pain intensity,
or both [92,97-99], others achieved no or only partial
improvement in these variables [93,100-103]. Differences in
the results may be attributed to the significant heterogeneity
among these studies, such as variations in the type of
intervention, the presence of pain comorbidities, the
measurement instruments used, and the existence of comorbid
depression. Among the studiesthat specifically had chronic low
back pain and depression as inclusion criteria and were
conducted entirely through ICTs, improvementsin painintensity
or associated disability were not observed 6 months after
randomization [99,102]. However, one of them did show
improvements postintervention [99]. It is possible that pain
intensity, being a variable that is difficult to modify, exhibits
effects that are lost earlier, and this was evident in both cases,
although the loss occurred in the medium term. As far as we
know, there are no studies applying blended psychotherapy in
patients with chronic pain and depression. Therefore, reaching
asolid conclusion inthisregard ischallenging, highlighting the
need for further studiesin thisfield.

Our results present a contrast with findings from other studies
that used psychological interventions in patients with diabetes
and depression [57,104-109]. In those studies, both cognitive
behavioral therapy and interventionsincorporating mindful ness
and self-compassion components appeared effectivein glycemic
control. However, it is worth noting that these interventions
were primarily delivered in a face-to-face design. In studies
where interventions were applied viathe internet or telephone,
improvements in glycemic control were not achieved
[35,90,91,94,110-113]. Thus, the method of implementing the
intervention could play a decisive role. Given that our
intervention was blended, such effects might have been
mitigated. This could also be associated with the small sample
size (resulting in reduced statistical power) achieved when
recruiting patients with diabetes, along with the limited
follow-up time (3 months). The HbA ;. variable represents the
proportion of hemoglobin in the blood that has bound to glucose
over an extended period. Therefore, amore extended follow-up
time may be necessary to observe significant results, as
demonstrated by Hoyo et a [114], where HbA ;. level s continued

to decrease at 12- and 18-month follow-ups.

With regard to the observed improvements in perceived health,
the use of a blended model rather than a solely web-based
approach may have led these improvements to stand out,
particularly in comparison to other nonblended studies[90,110].
In those studies, only some of the dimensions of perceived
health showed improvement, or improvements were not
achieved at the intragroup level. A study that applied a
face-to-face mindfulness-based cognitive therapy (MBCT)
intervention in patientswith diabetes and low level s of emotional
well-being found that MBCT was more effective for improving
perceived hedlth than the waitlist control group [115].
Conversely, inthe case of pain, apreviousface-to-face delivered
study that compared cognitive behaviora therapy,
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mindfulness-based stress reduction, and a waiting list showed
improvements in perceived mental health only [116].

In the case of improvements in negative and positive affect, a
situation similar to that observed for the previous variables
arose, with varied results across different studies [93,117,118]
Those studies exhibit considerable heterogeneity, differing in
crucial characteristics such asthetype of intervention, delivery
method (eg, face-to-face, telephone, and web-based vs mixed),
and the nature of the medical conditions. This heterogeneity
makesit challenging to compare them with each other and with
this study. Our results underscore the crucial role of affect, both
positive and negative, as potential mediatorsin the functioning
of theintervention, influencing improvementsin the composite
main outcome. Understanding how affective states mediate the
impact of theintervention is pivotal for tailoring and optimizing
future treatment developments. This finding emphasizes the
need for interventions that consider the affective dimension,
not only addressing the negative valence of depressive
symptoms but also enhancing positive emotional experiences.
While this study contributes to this understanding, it is
noteworthy that similar results were found when using MBCT
to reduce the risk of relapse or recurrence in major depressive
disorder [119].

Finally, improvements in openness to the future could not be
compared with any previous studies due to the novelty of the
construct [ 77]. It isinteresting to understand the positive future
expectations of patients both before and after receiving an
intervention for any health problem. Specifically, the measure
used in this study incorporates different aspects, such as the
positiveillusion of control, the active process of accepting future
scenarios, and the confidence and commitment in one's ability
to plan for desired outcomes and to cope with adversity.
Nevertheless, thisvariable did not show any potential mediating
effects on the main composite score.

Strengthsand Limitations

Thisisthefirst study to use blended modelsinvolving ICTsin
the treatment of multimorbidity. It focused on a particularly
prevalent, disabling, and challenging condition in clinical
practice, multimorbidity between depression and type 2 diabetes
or chronic low back pain. Furthermore, an evidence-based
design and intervention were proposed, adhering to the
recommendations of major clinical guidelines and previous
research. The intervention specifically targeted risk factors,
such asdepression, and addressed functional difficulties. It was
centered on patients and their specific needs, offering support
for self-management, adopting a comprehensive and
personalized approach, and incorporating therapeutic objectives
negotiated and reassessed throughout the processin accordance
with the principles by Ariadne [22].

However, the study has significant limitations. First, a notable
challenge was the high attrition rate, which impacted the
statistical power of this study. Recruitment and retention
difficulties in RCTSs targeting comorbid physical and mental
illnesses have been documented in prior studies[120,121], and
specific details of this study will be discussed in aforthcoming
publication focused on implementation. Nevertheless, it is
important to highlight that, in line with the earlier recruitment
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challenges, dropouts were more prevalent among ol der patients
and those with type 2 diabetes. This trend might be attributed
to challenges in managing the use of internet and email and the
acquisition of the basic computer skills required for active
participation. Similar observations were made in a study by
Clarke et a [35] focusing on patients with type 2 diabetes and
depression. This study reported higher attrition and mean age
compared to other ICT-delivered interventions in chronic low
back pain and depression [99,102] and diabetes and depression
[90,91]. It is noteworthy that the latter studies also included
type 1 diabetes, contributing to differencesin the age distribution
of participants. There is also a proposal that patients with
diabetes and mild depression might perceive low mood as a
feature of their diabetes rather than a separate condition to be
treated, potentialy influencing treatment adherence and
completion [122]. As suggested by other authors [35], further
exploration of the conceptualization of depression in type 2
diabetes and its impact on program uptake and the benefit of
treatment isrecommended. Regardless, the low recruitment and
retention rate in this study, particularly for older patients with
diabetes owing to their lack of basic computer skills, could
affect the generalizability of the results. Second, similar to many
clinical trials, this study faced disruptions due to the COVID-19
pandemic [123], preventing the implementation of necessary
follow-up measures, particularly for patients with diabetes.
Given their heightened vulnerability to the virus, this situation
led to theloss of valuablefollow-up data. Trialsthat stop earlier
for reasonsindependent of trial findingsare unlikely to introduce
bias because of their premature termination [124]; however,
changing the primary end point from a 6-month follow-up to a
3-month follow-up in response to the challenges posed by the
COVID-19 pandemic offers a different time perspective than
originally proposed. We lack information on the effect sizes at
6 months, and the true effect size may vary between the 3-month
and 6-month time points. In this sense, future research might
benefit from the inclusion of longer follow-up periods. Third,
we observed a varying proportion of losses between the
intervention and control groups postintervention, although this
effect disappeared at the subsequent primary end point. Similar
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effectswere noted in prior studies[35,90,91,102,111] and could
be attributed to some extent to the control groups being
wait-listed, leading participants to initially complete the
assessment and refrain from dropping out in anticipation of
receiving the intervention at a later point. Although modified
ITT and CACE or 1V approaches provided useful insights into
the impact of treatment on those who completed the study and
on those who completed the treatment, we must not overlook
this potential attrition bias and the possible limitation when
generalizing the resultsto the entire population, where adherence
can be variable. Nevertheless, the fact that the effect of the
losses disappears at the primary end point indicates that the
initial bias was not significant in the long term. A more
comprehensive consideration of these implementation aspects
will be presented in a subsequent paper. Finally, we did not
measure other diseases besides depression, diabetes, and chronic
pain; therefore, we are unaware of how the program might work
with other potentially present conditions. Future studies should
take into account a wider range of potential disorders among
the participating patients.

Conclusions

Thisstudy supportsthe efficacy of alow-intensity psychological
intervention applied in a blended form for multimorbidity in
PC. Promising outcomes are particularly noted in the
psychological dimension, showingimprovementsin depression,
perceived health, positive and negative affect, and openness to
the future. However, the findingsin the physical dimension are
mixed, indicating variable results in pain and disability
reduction, promising results in short-term disability reduction,
and no improvementsin diabetes control. We encourage further
research to validate the findings of this study, including the
exploration of subgroupsthat could not be adequately examined
due to the discussed limitations. In addition, we advocate an
exploration of the conceptualization of depression in type 2
diabetes to shed light on its effects on adherence indicators,
acceptance, and the efficacy of psychological interventionsin
these patients. Analyzing the implementation of such
interventionsin routine clinical practice is aso warranted.
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