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Article history: Background: About 30-50% of Primary Care (PC) users in Spain suffer mental health problems, mostly
Received 2 FEer_-iry 2021 mild to moderate anxious and depressive symptoms, which account for 2% of Spain’s total Gross domestic
Accepted 19 April 2021 product and 50% of the costs associated to all mental disorders. Mobile health tools have demonstrated

Available online 29 April 2021 to cost-effectively reduce anxious and depressive symptoms while machine learning (ML) techniques

have shown to accurately detect severe cases. The main aim of this project is to develop a comprehensive
ﬁﬂgﬁimh ML digital support platform (PRESTO) to cost-effectively screen, assess, triage, and provide personalized
Primary care treatments for anxious and depressive symptoms in PC.

mHealth Methods: The project will be carried out in 3 complementary phases: First, a ML predictive severity model
Machine learning will be built based on all the cases referred to the PC mental health support programme during the last 5
Smartphone app years in Catalonia. Simultaneously, a smartphone app to monitor and deliver psychological interventions
for anxiety and depressive symptoms will be developed and tested in a clinical trial. Finally, the ML
models and the app will be integrated in a comprehensive decision-support platform (PRESTO) which
will triage and assign to each patient a specific intervention based on individual personal and clinical
characteristics. The effectiveness of PRESTO to reduce waiting times in receiving mental healthcare will
be tested in a stepped-wedge cluster randomized controlled trial in 5 PC centres.

Abbreviations: PC, primary care; PCCs, primary care centres; GP, general practitioners; PCMHSP, primary care mental health support programmes; CBT, cognitive-
behavioural therapy; mHealth, mobile health; apps, applications; ML, machine learning; Al, artificial intelligence.
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Discussion: PRESTO will offer timely and personalized cost-effective mental health treatment to people
with mild to moderate anxious and depressive symptoms. This will result in a reduction of the burden of
mental health problems in PC and on society as a whole.

Trial registration: The project and their clinical trials were registered in Clinical Trials.gov: NCT04559360

(September 2020).

© 2021 Sociedad Espafiola de Psiquiatria y Salud Mental (SEPSM). Published by Elsevier Espafia, S.L.U.

All rights reserved.

Background

In Spain, 30-50% of people attending Primary Care (PC) have
mental health problems, the highest percentage being mild to mod-
erate anxious and depressive symptoms.' This group accounts for
2% of Spain’s total gross domestic product (GDP) and more than
50% of the costs associated to mental disorders.? About 5% of these
cases will eventually receive specialized care in a referral pro-
cess that can take up to 3 months given the significant number of
referrals that must be assessed.? The unresolved delay in receiving
specialized mental health attention may lead to an increased and
unnecessary risk of worsening of symptoms that affects the quality
of life of patients and may even lead to irreparable consequences
such as suicide.*> This situation produces a care demand that far
exceeds the resources currently available at PC Centers (PCCs). The
COVID-19 pandemic has and will increase even more the preva-
lence of mental health problems in PC,57 especially in healthcare
workers,®? with potential severe mental health consequences.!%-12

For instance, the European Study of the Epidemiology of Mental
Disorders (ESEMeD) found that up to 30% of patients with depres-
sion reported not receiving any type of care in the previous year,'?
and that Spain was among the countries offering one of the lowest
levels in quality of care for patients with mental health problems
in Europe.'* These data suggest that, in Spain, the therapeutic
resources existing in PC to meet this growing demand are clearly
insufficient: visits averaging 10 min to screen, diagnose and treat
mental health problems, non-existent psychological resources or
mental health nurses, added to the lack of training of General Prac-
titioners (GP) to approach mental health problems.!” It is therefore
not surprising that these deficits have been reflected in a significant
increase in the prescription of psychotropic drugs that can reach up
to 1in 2 service users, in many cases unnecessary and prescribed
prematurely.!®-18 These limitations may lead to unnecessary refer-
rals to specialized care (i.e. people with mild to moderate mental
health problems that could be attended in PC) and a lack of early
detection of severe mental health problems (i.e. first psychotic
episodes or suicidal behaviours).

Considering this complex and problematic challenge, several
research groups and health systems have tried to tackle these
deficits during the last 10 years. The Spanish National Health
System (SNS) has promoted primary care mental health support
programmes (PCMHSP) composed of mental health specialists,
including psychiatrists, psychologists and nurses, who dedicate
part of their workweek to PCCs.!? Recently, group-based cognitive-
behavioural therapy (CBT) interventions have also been proposed
for treating mental health problems in PC.20-22 Along the same
lines, but exploring the potential of new communication technolo-
gies, other ongoing projects are evaluating the cost-effectiveness of
hybrid (i.e., face-to-face plus online) CBT interventions for PC users
suffering from depression.”>

The effectiveness of mobile health (mHealth) platforms,
including smartphone-based interventions through applications
(apps) for treating anxious and depressive symptoms is well
established.?4-2% The apps allow a constant intervention that
adapts to the needs, schedules, and status of the patient in a

dynamic way from the progression of the patient and the active or
passive data that may or may not be collected.?3° Our group has
demonstrated the feasibility of using apps to offer evidence-based
psychological interventions to people suffering from severe mental
disorders such as bipolar.?' 32 Besides the effectiveness of mHealth,
telemedicine, and hence telepsychiatry, have rapidly become com-
pulsory due to social-distancing measures during the COVID-19
pandemic. The current change in paradigm is and will lead to the
implementation of telepsychiatry and an increasing use of mHealth
platforms in the upcoming years.>>

In parallel to the mHealth platforms, another promising advance
in the development of digital technology in healthcare is promoted
by machine learning (ML) approaches in the context of artificial
intelligence (Al). ML models, unlike traditional statistical models,
offer two important advantages: (1) a higher predictive accuracy
that can be reproduced and replicated as the models are trained,
tested and validated with subsets of the total dataset, (2) inter-
pretable models that can explain the causes of these predictions
to improve them and increase the accuracy of the initial algorithm
by back feeding it. Recently, the development and use of ML mod-
els has proven useful to identify severe cases of depression that
would require specialized care among PC users.> In addition, ML
algorithms in PC are demonstrating use to help to personalize phar-
macological treatments for depression.>>37

Considering this emerging evidence demonstrating the poten-
tial of mHealth and Al in PC, we hypothesize that, the use of a
digital decision support platform combining ML models with a
smartphone-based app for monitoring and delivering evidence-
based psychological interventions for people with mild to moderate
anxious and depressive symptoms will reduce waiting times and
improve the quality of mental healthcare compared to treatment
as usual in PCC in a cost-effective manner.

Methods and design
Aims

This project aims at developing an integral platform of digital
support for mental health problems in PC: PRimary carE digital Sup-
port ToOl in mental health (PRESTO), which will allow to improve
the quality of care and reduce waiting times through the prioriti-
zation of the most severe cases to be assessed timely in specialized
care, while it assigns mild to moderate cases to one of these inter-
ventions: (1) Watchful waiting and periodic follow-up by the GP,
(2) Symptoms monitoring and a brief evidence-based psychologi-
cal intervention through an app (PRESTOapp), or (3) A personalized
psychopharmacological treatment. To achieve this objective, first,
ML-based predictive severity models will be developed taking into
account clinical variables from electronic health records (EHR) of
all referrals from GPs to the Primary Care mental health support
programme (PCMHSP) during the last 5 years from all PCCs in
Catalonia, including a total population of 7.5 million users. Simulta-
neously, the effectiveness of an app for monitoring and delivering
evidence-based psychological interventions for mild to moderate
anxiety-depressive symptoms (PRESTOapp) will be developed and
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Fig. 1. PRESTO platform development process phases. The figure shows the final PRESTO platform assembling process divided by phases. Phase 1 and Phase 2 will be

conducted in parallel. EHR: Electronic Health records.

evaluated in a feasibility study and a randomized clinical trial.
Finally, the ML models and the PRESTOapp will be integrated into
a decision support platform (PRESTO) that will triage and person-
alize the interventions for each case in a supervised manner. Yet,
the platform will be dynamically updated, and the triage algorithm
will be automatically re-trained with the results of the evolution
and response to the treatment of each case included to improve its
accuracy.

Study design and phases

The PRESTO project will be structured in three phases, described
in detail below, in order to finally integrate the different mod-
ules validated in each phase in the final objective of evaluating the
PRESTO platform (Fig. 1). Phase 1 and 2 will be conducted simulta-
neously.

Phase 1: Building machine learning models that allow the
categorization of the severity of people with mental health
problems in PC

The regional shared EHR of all referrals from GPs to the PCMHSP
during the last 5 years from all PCCs in Catalonia and a control sam-
ple of non-referred PC users will be independently retrieved and
anonymized by the Data analytics programme for health research
and innovation (PADRIS)*® from the Catalan Agency for Health
Quality and Evaluation (AQuAS).2° Afterwards, the data will be
analyzed in an aggregated manner.

Based on previous research of predictors of depression severity
in patients from PC,*° the baseline data that will be prioritized in the
initial model are the following variables: sex, age, education level,
ethnicity, employment status, marital status, housing and living
conditions, present or past medical and psychiatric co-morbidities,
past-present drug use and pharmacological treatments, and recent
life stressors. Additionally, any previous mental health care service
provided such as emergency room or hospitalizations admissions
registered in any public health care facility in Catalonia will be
included to the model. Simultaneously the same variables from PC
users who were not referred or required to the PCMHSP will be
retrieved from public EHR to train the ML models.

Once all the data is retrieved and merged from the diverse
sources aforementioned, the team (AS, JR) will use ML techniques to
building, debugging, modelling, training and evaluating predictive
variables to differentiate PC users that required specialized mental
health care from those who didn’t, as well as predictive variables
of severity. The severity (target feature) will be determined by the
diagnosis by the PCMHSP of a severe mental disorder or not, time off
work, the use of second- or third-line antidepressant treatments,
prolonged follow-up, referral to the mental health centre, hospi-

talization in a psychiatric units or consultations in the psychiatric
emergency departments.

Potential problems that can be assumed in predictable data
cleansing and modelling include cases that left the monitoring by
the PCMHSP, people who changed the basic health area sector, or
cases that preferred to be monitored and treated in the private
network. It will also be decided on the basis of the quality and
granularity of the data available whether to proceed with a binary,
categorical or cluster classification.

Phase 2: Development and evaluation of the feasibility,
acceptability, usability, satisfaction and effectiveness of
PRESTOapp

Based on the team’s experience in the development and evalu-
ation of mental health apps,?!32 the next steps will be followed:

a. Development of PRESTOapp 1.0: A User-centred development
(UCD) approach will be adopted which has evidence of improved
user retention and satisfaction with the end product.*!4?

This phase will begin by conducting two online surveys: one
directed to PC users who have been referred to PCMHSP about
their interests and preferences on the use of a mental health app,
and another survey directed to GPs and mental health profession-
als (psychiatrists, psychologists, specialized nurses, etc.) about the
needs they think ought to be covered by a mental health app.

Subsequently, two focus groups, one with PC users/people who
have been referred to PCMHSP and another with GPs and men-
tal health professionals, with a minimum of 8 people each and
a duration of 1.5hours approximately, will be performed in an
online format. During the focus group, ideas, models, designs, char-
acteristics and functionalities of the proposed mental health app,
considering the results from the surveys, will be presented to find
out the participants’ interest and opinions.

Based on the surveys and the data collected during the focus
groups, the research team will outline the priority aspects of the
development of the application as well as the contents of the
evidence-based psychological interventions to be included.

The technical development of PRESTOapp will be carried out
with the software development collaborating company through
an iterative, collaborative, multidisciplinary process that preserves
patient confidentiality at all times and will be monitored by the
researchers as it will be displayed in real time at the collaborative
working platform. This approach has been successfully imple-
mented by the team in previous e-mental health projects.*3

b. Evaluation of the feasibility of PRESTOapp 1.0: A minimum of 50
PC users will be recruited to participate in the feasibility study of
PRESTOapp 1.0 app for 1 month. The inclusion criteria will take into
account persons between 18 and 65 years of age who are referred
to or are being followed up by the PCMHSP who are found to
have mild-to-moderate depressive (PHQ-9: 5-14) and/or anxious
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(GAD-7: 5-14) symptoms,***> and have a compatible smartphone
(i.e. Android or iPhone) and sufficient digital skills to download
and use an app. The criteria for exclusion will be the previous or
present diagnosis of a severe mental disorder, or a mild, moderate
or severe risk of suicide. A baseline assessment will be conducted to
collect sociodemographic (including occupation to identify health
workers), medical and psychiatric history and evaluate depressive
(PHQ-9) and anxious (GAD-7) symptoms. At a single follow-up
visit after 1 month, depressive and anxious symptoms will be
reassessed and acceptability will be explored with the Technology
Acceptance Model (TAM) questionnaire,*S usability with the Sys-
tem usability scale (SUS),*” and satisfaction with the Health App
Usability Questionnaire (MAUQ).*® Data on usage, retention and
adherence with the app will be retrieved and analyzed directly from
the servers.

¢. Randomized controlled clinical trial with PRESTOapp 2.0: Based
on participants’ feedback and suggestions from the feasibility
study, PRESTOapp will be further improved to a 2.0 version. We will
conduct a single-blind randomized controlled clinical trial offering
their participation to all patients referred to our PCMHSP from our
catchment area that includes 5 PCCs. The sample size calculation
will contemplate as a primary outcome the reduction of depres-
sive symptoms assessed by PHQ-9 taking into account two groups
(PRESTOapp 2.0 vs. treatment as usual (TAU) in addition to pre-
vious results of effect sizes between 0.30 and 0.35 from similar
studies.*®°9 We have set for this purpose a power of 0.80 and a «
of 0.05. Experience in similar studies indicates an expected 25-30%
drop-out. Therefore, it was decided to add 15 more subjects per
branch for preventive purposes and to ensure that at the end of the
study there would be a sufficient sample to guarantee the strength
of the data. Hence, 76 participants per branch will be recruited.
Considering similar inclusion and exclusion criteria as the previ-
ous feasibility study, the intervention group will be asked to use
the app for a period of 2 months. The control group will receive
the usual follow-up and treatment during the same time by the
PCMHSP team. Participants from both groups will be asked to par-
ticipate in an initial evaluation and a follow-up in 2 months, unless
the app indicates or symptoms that require urgent care arise. Both
interviews willinclude the collection of sociodemographic and clin-
ical variables alongside standardized scales PHQ-9, GAD-7, Holmes
and Rahe Stress Scale.”!

Statistical analyses will be conducted using specific R packages.
The analyses of all the subjects included will be considered until
the dropout or end of the study. The main variable is the change
in symptoms measured by PHQ-9, GAD-7 during the 2 months,
controlled by Holmes and Rahe Stress Scale. We will use a mixed
effects linear model with random interception for each participant.
The differences in the primary measures will be analyzed first in
an unadjusted manner and then adjusted for sociodemographic
and clinical factors. An analysis by intention to treat (ITT) with
last observation carried forward (LOCF) will also be employed. A
threshold of statistical significance p < 0.05 (two-tailed) will be set.

Among the limitations of this study, it is worth mentioning that
researcher and patients blinding will not be possible for logistical
and ethical reasons, nor is there a placebo in the case of the control
group. The main reason for this design is that the methodological
effects of providing a placebo app to the control group are unclear.
Assumable risks are the placebo and Hawthorne effect in the inter-
vention group, natural progression and regression to the mean.
Digital literacy will likely be widely variable among the included
sample. This may hinder the use of the app in some of the included
subjects. To minimize bias in measuring engagement, inclusion cri-
teria in phase 2 takes into account having sufficient digital skills
to download and use an app. Moreover, the design of the app’s
user-interface will be clean, user-friendly, and include preliminary
instructions of use.

Spanish Journal of Psychiatry and Mental Health 17 (2024) 114-125

Health workers are one of the most affected populations regard-
ing mental health due to the COVID-19 pandemic. Beside from
anxiety and depression symptoms, they may suffer from posttrau-
matic stress disorder (PTSD) symptoms.® Moreover, their medical
literacy is usually higher than the general population. To avoid
selection bias, health workers included in the study will be iden-
tified and a sensitivity analysis performed. It is worth noting that
a version of the PRESTOapp adapted to specific situations and par-
ticularities of health workers - in particular on the detection and
management of PTSD symptoms and the medical language used -
is under current development in a parallel project.

Phase 3: Integration and evaluation of the PRESTO platform

a. Calculation of predictive models of response to each assigned
intervention based on ML: development and integration in the
PRESTO platform: From the ML predictive models built in phase
1 and the data collected on the evolution of patients with contin-
uous monitoring through the app in phase 2, the PRESTO platform
will be integrated and developed in a web interface.

The main aim of this phase is to test the PRESTO platform, a
dynamic triage system for all patients who are referred to PCMHSP
by GPs that will be assigned, in a supervised manner, the most
appropriate and personalized approach to each case. However,
beyond the friendly web environment that will host the platform,
the background algorithms will progressively be fed to increase
with outcomes and follow-up data derived from face-to-face vis-
its as well as those collected by the PRESTOapp. This will allow
a two-way loop flow of information that with a machine learn-
ing approach will “learn in a supervised manner” and will allow
to predict with increasing precision the evolutionary course of the
patients and the best type of the approach that will be required
(Fig. 2).

b. Stepped-wedge cluster randomized trial to assess effectiveness in
reducing waiting lists: The investigation of PRESTO effectiveness in
reducing waiting times will be carried out by means of a pragmatic
design study without distorting or interrupting the health care of
service users as well as minimizing its risks. The design will there-
fore be of a Stepped-wedge cluster randomized trial, in which, for
predetermined periods of 2 months, the platform will be imple-
mented randomly to clusters of referrals to PCMHSP of each of the
5 PCCs from our catchment area. The rest of the time the current
care method will be used as a control. All users will be informed
of the system being used through the PRESTO platform and they
must accept and sign the informed consent for study participation.
Otherwise, they be provided with the current healthcare approach.
The main variable for assessing efficiency will be the reduction in
waiting time of a first contact with the PCMHSP of GP referrals,
which will be calculated for each PCC.

Regarding statistical analyses, the waiting times will be com-
pared with other centres and also with the average of each period
of the historical records of the last 5 years. In order to minimize
selection and unbalance bias, individual and cluster characteristics
will be compared among groups beforehand and appropriate cor-
rections will be conducted. A generalized mixed-effects model will
be adopted. This model will make it possible to determine the effi-
ciency of the platform by being able to adjust it by age, sex, seasonal
patterns, as well as the characteristics and care burden of each PCC
(population covered, socioeconomic situation, number of individ-
uals per GP). A randomized slope model for treatment will also
be considered given the variability of intervention by each centre
following the recommendations of Davey et al.’2 As a sensitivity
analysis, the use of a mixed-effects linear Gaussian model for the
different variances within each cluster will be adopted. Calcula-
tions will be made using specific R packages. In order to provide
an extensive use of the PRESTO platform among GPs, and avoid a
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Fig. 2. Final PRESTO platform framework and dataflow prototype. The picture shows a diagram of the final PRESTO platform prototype 1.56 alongside their dataflow channels

allowing to created loop of self-learning data from data collecting during the follow-up and treatment assigned to each specific case.

restricted use due to limited digital literacy, the user-interface will
be clean, user-friendly and intuitive.

Ethical considerations

The PRESTO project has been approved by the Clinical Research
Ethics Committees (CEIC) of the Hospital Clinic of Barcelona
(HCB/2020/0735). All the data will be collected by the project
researchers, and stored in encrypted and secure servers follow-
ing the guidelines and standards of the 2018 European General
Data Protection Regulation (GDPR). The project protocols as
described in this manuscript were registered at Clinicaltrials.gov
(NCT04559360) in September 2020.

Project status and preliminary results

At the time of writing this protocol, the process of anonymized
data extraction from EHR are already underway with the collabora-
tion of the PADRIS programme from the AQuAS agency, as planned
in Phase 1. In parallel, we have finished the exploratory surveys
about the attitudes, uses and preferences of a digital mental health
platform from both PC users and health professionals.

The participation in PC users survey was offered at the centres
waiting rooms with cards and posters including a QR code, while
the invitation to complete the health professionals survey was dis-
tributed by internal mailing list containing a link. The link to the
surveys were accessible from June to November 2020. Both surveys
were composed of 47 sequential, multi-choice and non-mandatory
questions.

One hundred and sixty-two PC users and 72 health professionals
took part in the survey. The sociodemographic and clinical charac-
teristics of the respondents are described in Table 1. About 1 in 5
(22%) of PC users had previously been treated for mental health
problems, most of them due to “anxiety” (51.6%), “depression” and
“sleep problems” (35.5% both).

The ownership and use of digital devices of PC users are reported
in Table 1, most of the them reported owning a smartphone (91.2%)
with an Android operating system (66.1%), and 54.1% reported hav-
ing been using a smartphone for more than 10 years. Fig. 3 details

the most common uses of their smartphone informed by the par-
ticipants.

The use of smartphone applications (app) for mental health rea-
sons and the potential use of a clinically validated mental health
app are detailed in Table 2. Almost one-quarter of PC users (23.4%)
reported having used a mental health app and an important per-
centage of health professionals (32.8%) found out that their patients
used or were already using mental health apps. The most common
type of mental health apps used were for meditation/mindfulness,
to reduce stress and improve sleep quality. As a result, more than
half of PC users (56.4%) and 82% of health professionals were inter-
ested on having available a clinically-validated mental health app
for use or to prescribe to their patients with the purposes and fea-
tures detailed in Fig. 4.

Overall, PC users were predominantly interested in symp-
toms monitoring (46%) and receiving psychological contents (54%)
through a smartphone app preferably only when they needed (on-
demand)(57.3%) during 1 to 10 min per day (58.2%), 1 to 3 times per
week (81%), over a period from 1 to 6 months (58.2%). Most of the
participants preferred to share with the health care team the infor-
mation collected by the app only when they decided it (51.8%), by
e-mail (39.1%) and alert the mental health specialist if worsening
(55.5%). Most of the respondents (59.5%) were extremely or very
worried about the confidentiality and safety of the potential data
collected by the app, stating that they would feel safer about it if
the app clarifies beforehand who might have access to their data
(68%), where and how it is stored, and for which aims it might be
used (60%). The main drawback identified to use the app was an
excessive amount of information (51.5%).

Health professionals that responded the survey, mostly psychia-
trists and GPs, regularly cared for people suffering from depression
and anxiety problems (more than 80% of patient’s attended). The
preferences of a clinically-validated mental health app were very
similar to those from PC users (Table 2). The greatest discrepancies
between them were that health professionals were more interested
in apps including psychoeducation modules (52 vs 29%) whereas PC
users showed more interest in meditation/mindfulness modules
(43 vs 24%). Also, compared to PC users, only few health profes-
sionals considered that an app would be useful for diagnostic (6 vs
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Table 1
Sociodemographic and clinical characteristics.
Primary care users Health professionals
N % N %
Total surveys 164 72
Total surveys completed 99 61.0 45 62.5
Age range in years
26-35 53 36.1 28 41.2
36-45 31 21.1 11 16.2
46-55 22 15.0 11 16.2
56-65 21 14.3 8 11.7
Female 95 64.6 46 67.6
Country of origin
Spain 141 86.0 68 94.4
Italy 9 5.5 3 4.2
Argentina 4 24 0 0
France 2 1.2 0 0
Portugal 0 0.0 1 14
Civil status
Married 47 32.0 19 279
Single 37 25.2 21 30.9
Coupled 31 21.1 20 294
Divorced 15 10.2 3 4.4
Number of total of partners at home
0 6 4.1 N/A
1 14 9.5 N/A
2 52 354 N/A
3 29 19.8 N/A
4 28 19.1 N/A
Working status
Employee 102 69.4 N/A
Autonomous worker 13 8.8 N/A
Retired 9 6.1 N/A
Unemployed 5 34 N/A
Student 3 2.0 N/A
Level of studies
Secondary 12 8.2 N/A
Professional training 17 11.6 N/A
University 51 34.7 N/A
Master or PhD 54 36.7 N/A
Mental health history
Treated due to a mental health problem 31 22.0 N/A
Received psychotherapy 21 67.7 N/A
Received pharmacotherapy 13 41.9 N/A
Used self-care strategies 5 16.1 N/A
Mental health current or past problems
Anxiety 16 51.6 N/A
Depression 11 35.5 N/A
Insomnia 11 35.5 N/A
Emotional instability 10 323 N/A
Suicidal thoughts 2 6.5 N/A
Mental health diagnoses
Generalized anxiety disorder 8 25.8 N/A
Depressive disorder 12 38.7 N/A
Bipolar disorder 2 6.5 N/A
Professional category
Primary Care Physician N/A 12 20.7
Psychiatrist N/A 23 39.7
Psychologist N/A 9 15.5
Nurse specialized in mental health N/A 3 5.2
Number of patients attended per week
1-10 N/A 8 13.8
11-20 N/A 13 224
21-40 N/A 13 224
41-60 N/A 6 10.3
Frequently attended mental health problems
General anxiety problems N/A 47 81
Adjustment disorders N/A 44 75.9
Mild-to-moderate depressive disorders N/A 49 84.5
Severe depressive disorders N/A 18 113
Sleep problems N/A 43 74.1
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Table 1 (Continued)

Primary care users Health professionals
N % N %
Emotional instability N/A 42 724
Grieving N/A 18 31
Ownership and use of digital devices of primary care users N %
Ownership of digital devices
Smartphone 124 91.2 N/A
Laptop computer 104 76.5 N/A
Tablet 53 39 N/A
Smart wearable 30 221 N/A
Smartphone operating system
Android 82 66.1 N/A
i0S 40 323 N/A
Owning a smartphone for
More than 10 years 67 54.1 N/A
9-4 years 53 42.7 N/A
Less than 4 years 0 0 N/A
Social media 73
Email 70
Camera/ Photography 57
Voice calls 52
Text 43
Search for information on the internet 45
Listen to music 35
Read news L rree———— ) G
Videocalls | — )4
Banking 22
Directions and navigation L Tesa—— ) )
Online shopping s 13
Watch videos ~ wmm 5
Playing games - 5
Reading books = 2
Monitoring physical activity = 1
0 10 20 30 40 50 60 70 80 90 100

Fig. 3. Most Common Smartphone Daily Use Purposes reported by service users. The figure shows the percentage of the most common smartphone daily use purposes
reported by service users.

M %PCUsers % Health workers

Virtual conversational agent (ie. chatbot)
Passive symptoms monitoring from smartphone usage patterns [ 0 [
Symptoms monitoring completing tests [ [
Personalized psychological interventions s e

Fig. 4. PRESTOapp preferred purposes and features. Potential preferred purposes and features of a smartphone app for mental health problems. Interests from primary care
users (left) and health professionals (right).
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Table 2
Mental health apps: use and interests.
Primary care users Health professionals
N % N %
Use of a mental health app?
Past 29 234 N/A
Current 14 113 19 328
Type of mental health app used®
Meditation or mindfulness 20 69 6 31.6
Stress or anxiety reduction 11 37.9 10 52.6
Improve sleep quality 10 345 7 36.8
Medication or appointment reminders 7 14.6 5 26.3
Interested in using a clinically validated mental health app 62 56.4 41 82
How to receive notifications or information from the app
Through the app 69 30 44 88
SMS or text messaging apps 33 25.5 11 22
Phone calls 28 9.1 21 42
Website 10 5.5 2 4
Self-evaluation psychological tests from the app - How many times per day?
On demand 63 57.3 32 64
1 28 25.5 12 24
2 1 0.9 1 2
More than 5 2 1.8 0 0
Self-evaluation psychological tests from the app - How many times per week?
On demand 40 36.4 13 26
1 36 32.7 16 32
2 7 6.4 1 2
3 6 5.5 9 18
More than 5 6 5.5 5 10
Psychological interventions from the app - How many times per day?
On demand 68 61.8 27 54
1 21 19.1 14 28
2 3 2.7 4 8
Psychological interventions from the app - How many times per week?
On demand 46 41.8 10 20
1 27 24.5 12 24
2 8 73 7 14
3 10 9.1 6 12
Psychological interventions from the app - Daily time spent
1-5min 31 28.2 14 28
6-10 min 33 30 19 38
11-20 min 16 14.5 8 16
21-30 min 14 12.7 5 10
Duration of mental health monitoring from the app
1-2 weeks 20 18.2 9 18
3-4 weeks 20 18.2 12 24
1-4 months 20 18.2 10 20
5-6 months 17 15.5 7 14
7-12 months 7 6.4 7 14
More than a year 9 8.2 3 6
Duration of psychological interventions from the app
1-2 weeks 21 191 8 16
3-4 weeks 15 13.6 5 10
1-4 months 17 154 17 34
5-6 months 11 10.0 6 12
7-12 months 13 11.8 4 8
More than a year 14 12.7 5 10
Who should the app alert in case of worsening or feeling bad
Nobody 5 4.5 1 2
Primary care physician 40 36.4 22 44
Mental health specialist 61 55.5 35 70
Family members 47 42.7 23 46
Emergency room services 29 26.4 10 20
How should the medical team have access to the information collected by the app
Not at all 5 4.5 0 0
Only during the medical consultation 14 12.7 17 34
Only in case of emergency 20 18.2 9 18
Only if the user decides to share 57 51.8 32 64
Only to monitoring information 9 8.2 11 22
At all times 21 19.1 7 14
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Table 2 (Continued)
Primary care users Health professionals
N % N %
How should the information of the app be shared with the medical team
The user prints and shares it 19 17.3 9 18
By email 43 39.1 20 40
Only shown by the user through their phone 18 16.4 8 16
Available from the doctor’s screen only during consultation 34 30.1 20 40
Available from the doctor’s screen at all times 28 25.5 15 30
Potential uses of a mental health app
Diagnosis 41 373 3 6
Treatment orientation 31 28.2 4 10
Treatment personalization 44 40 21 42
Self-evaluation 39 35.5 20 40
Continuous feedback to the medical team 33 30 14 28
Providing strategies to manage stress 30 273 22 44
Medication reminders 19 173 22 44
Automatic monitoring of symptoms 14 12.7 7 14
Alert system in case of risk situations 24 21.8 11 22
Providing psychotherapeutic modules 15 13.7 18 36
Improve contact with medical team 37 33.7 11 22
Allow contact with other people suffering similar problems 6 55 10 20
Optimizing time and evaluation during medical consultations 12 109 6 12
Enhancing self-management 22 20 26 52
Promoting healthier lifestyle 18 16.4 13 26
Modules to be included in the app
Sleep hygiene 52 47.2 30 60
Stress management 87 79.1 42 84
Mindfulness or Meditation 47 42.7 12 24
Behavioural activation 53 48.2 20 40
Psychoeducation 32 29.1 26 52
How the app should display self-monitoring information
Brief messages 56 50.9 29 58
Timeline 26 23.7 18 36
Graphs 59 53.6 30 60
How should the psychological modules be delivered
Sequential modules 39 35.5 27 54
Random modules 7 6.4 5 10
Daily personalized messages 34 30.9 24 48
On demand menu selected by user 53 48.2 23 46
How should the content of the psychological modules be delivered
Structured texts 23 20.9 3 6
Schematic text and images 58 52.7 22 44
Videos 51 46.4 24 48
Interactive games and animations 33 30 25 50
Bot interaction 24 21.8 18 36
Brief messages 17 15.5 14 28
Which character should represent the app
Mental health specialist 55 50 22 44
Primary care physician 12 109 3 6
Non-healthcare common person 13 11.8 7 14
Animal cartoon 7 5.5 4 8
Virtual object 6 2.7 6 12
Concerns about the information gathered by the app
Extremely concerned 23 22.8 7 15.2
Very concerned 37 36.7 15 32.6
Not very concerned 21 20.8 12 26.1
Not concerned 16 15.8 9 19.6
How should confidentiality be managed
The app clarifies beforehand confidentiality issues 51 50.5 28 60.9
Clarify who might have access to the data 68 67.3 36 78.3
Clarify how information is stored, and for which aims it might be used 61 60.4 37 80.4
The user gets to choose which information is shared and which not 41 40.6 18 29.1
Inform about the security measures to ensure confidentiality 44 43.6 22 47.8
Which of the following may be a drawback to use the app
Lack of personalized modules/information 46 45.5 22 47.8
Excessive amount of information 52 51.5 32 69.6
Excessive self-monitoring evaluations 46 455 33 71.7
It generates more concerns than benefits 27 26.7 12 26.1
Intrusiveness on the daily activity 27 26.7 18 39.1
Improper use of the information gathered by the app 32 31.7 6 13
Less face-to-face consultations 20 19.8 8 174
Addiction to its use 17 16.8 4 8.7
Lack of therapeutic use 20 19.8 14 30.4

2 For health workers, it refers to their patients’ answers.
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37%) or treatment orientation purposes (10 vs 28%). Finally, health
professionals considered that self-evaluations should be performed
more times per week as compared to patients’ preferences.

Based on all the feedback received with both surveys, we have
drafted the first mock-ups and prototypes of the potential men-
tal health app to present and discuss at the focus groups which
are scheduled to be held in February 2021 with a modified online
approach due to the covid-19 crisis.

Discussion

To our knowledge this is the first attempt to integrate these
novel technologies—smartphone apps and real-time machine
learning—in a single integral decision and therapeutic support plat-
form to address mental health issues in PC. However, it must
be noted that independent computerized decision tools have
already been successfully tested at PC settings in other medical
disciplines.”3->8

In addition, in the context of mental health, statistical analyses
using ML techniques have demonstrated to correctly predict treat-
ment resistance in major depressive disorder and identify patients
in PC who might need specialized care. However, these analyses
and their findings were made a posteriori and not in real time
as this project proposes. Considering this novel approach and in
order to ensure its feasibility, safety and test its potential effective-
ness an iterative sequential process will be undertook adopting a
supervised approach to ML. This kind of supervised ML approach
allows and enables an easier understanding of ML outputs, which
makes it especially suitable to identify, modify and improve clinical
algorithms thus preventing the black box problem.>®

Moreover, the design of the study by means of a stepped-wedge
cluster randomized controlled trial, will facilitate its pragmatic
evaluation simultaneously with the usual healthcare. Furthermore
if the main hypothesis of the effectiveness of this approach is con-
firmed, it would make its implementation feasible in other national
or international centres by considering the characteristics of each
particular sector and population facilitated by the ML approach.?

It is important to highlight that innovations in psychiatry have
not been promoted only by stakeholders and healthcare institu-
tions for cost-effectiveness purposes. Healthcare professionals are
also willing to embrace these technologies to deliver psychological
interventions, symptoms monitoring as well as other therapeutic
purposes.5! Moreover, as has been emphasized by several recent
studies®263 and re-confirmed by our initial survey, there is a great
interest and preferences of adopting mHealth tools by primary care
service users and healthcare professionals to support their men-
tal health. In fact, a relevant percentage of them are already using
non-clinically or scientifically validated mHealth tools to cope with
their mental health issues representing a potential danger to their
health. One of the main reasons for this phenomenon is the cur-
rently scarce options of commercially available apps developed or
tested by academic or healthcare institutions. We have previously
proposed frameworks and methodologies to facilitate these tech-
nologies to reach end-users which will be fully adopted throughout
this project.5*

There are several potential limitations which have been men-
tioned in the methodology of each sub-study above. However, one
of the most concerning issues developing mHealth tools and deci-
sion support platform is its long-term lack of use in real-world
clinical practice either by the patients or clinicians. Despite this
possibilities, as has also been mentioned above, we are going to
dedicate a strict user-centred design approach, thus adapting the
final PRESTO app and platform to the needs and requirements of
end-users.5® If successfully validated and its effectiveness is con-
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firmed, we have set out in advance a valorization, cooperation and
transferability plan to the public health system.

Altogether, the PRESTO platform has the unique potential to
transform the current dilemma of mental health in PC by opti-
mizing waiting times and improving the flow of care for patients
in real-time according to their personal and clinical characteris-
tics, adapting cost-effective interventions for each case and thus
alleviating existing deficits. This unique approach embraces and
attempts to make a reality the long-awaited precision psychia-
try which have been proposed for many years with theoretical
models.%
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