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ABSTRACT

Introduction Each year, suicide claims approximately
700000 lives worldwide and generates a significant
financial burden. Integrating genomic data, exposomic
factors and digital phenotypes can enhance the
development of short-term predictive models. Current
knowledge and available tools provide the basis for
designing personalised treatment strategies that
incorporate real-time interventions to prevent suicide
attempt recurrence cost-effectively. This study aims to
develop a predictive algorithm for suicidal behaviour
integrating psychiatric assessments, genetic risk markers,
digital phenotypes and exposomic data.

Methods and analysis This protocol describes a
retrospective multicentre study that will recruit participants
with a clinical history of suicide across 25 hospitals across
Spain with a catchment area of 8.6 million people (17.8%
of Spain’s population). Our sample target is over 5000
participants, aged over 12 years old, ensuring 93.5%
statistical power for genetic analysis. Eligible participants
must be over 12 years old. Data collection will include
psychiatric assessments, biospecimen collections (DNA,
RNA, plasma and serum), Google Takeout data for digital
phenotyping, and a standardised set of administrative and

67,68

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study integrates digital phenotyping, clinical data

and genetic profiles to characterise the exposome of
suicide, a comprehensive mapping of environmental
and biological exposures linked to suicide risk.

The inclusion of multi-omics data and its integration
with medical and pharmacological patient history
enables an innovative and comprehensive approach
to identifying biological markers of suicide risk,
treatment effectiveness and prognosis.

Passive and active digital phenotyping via smartphone
and web-based data provides a novel, real-time assess-
ment of behavioural factors linked to suicide risk.
Psychological distress and reluctance to share smart-
phone data may reduce participation rates, particularly
in individuals with recent suicidal behaviour, which may
potentially introduce sample bias.

Data from deceased individuals could not be collected
directly, as data will be collected from individuals who
survived suicide attempts, limiting the scope of digital
and biological data acquisition in those most affected.
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clinical data registered for each patient. Genotyping will be performed
with the Axiom Spanish array (>750000 markers), and genome-wide
association studies (GWAS) will be performed after genetic imputation in
a whole sample of >10000 individuals (5000 suicide attempters; 5000
controls). Prescription and clinical history will also be retrospectively
integrated, and codified data statistics forms will periodically be sent to
the Government. Statistical analyses will combine traditional regression
models and Al-based algorithms to identify predictive behavioural,
genomic profiles, and digital markers of suicidal behaviour. Cost-
effectiveness analyses of pharmacogenomic markers for antidepressant
response will also be conducted.

By successfully implementing this project, we aim to help reduce suicide
reattempts and lessen the emotional and economic burden on families
and the healthcare system.

Ethics and dissemination This study has been approved by the Ethics
Committee of the Fundacion Jiménez Diaz (PIC301-24_FJD) and complies
with the Declaration of Helsinki. It adheres to the GDPR (EU Regulation
2016/679), Spain’s Organic Law 3/2018 on Personal Data Protection and
Digital Rights, and Law 41/2002 on patient autonomy. All required data
protection measures will be implemented, including those under Real
Decreto 1718/2010 on prescriptions and treatment adherence. Underaged
participants will require parental consent for participation. The results will
be disseminated through publication in peer-reviewed scientific journals
and presentations at psychiatric conferences.

Trial registration number NCT07422090.

INTRODUCTION

The impact of suicide

Each year, suicide claims approximately 700000 lives
worldwide, yet despite extensive prevention efforts, rates
have not significantly declined.' For every suicide death,
an estimated 20 attempts occur, underscoring the critical
need for effective prevention strategies. The combined
directand indirect costs of suicide-related issues in Europe
amount to €150billion annually.2 Moreover, suicide
profoundly affects families, communities and society. In
Spain, suicide is the leading cause of death among indi-
viduals aged 15-29 years, accounting for 129481 years of
potential life lost (YPLL).2® In 2020 alone, suicide was
responsible for 80679 YPLL in Spain, surpassing the
impact of COVID-19 (63417 YPLL).*

Suicide is closely linked to mental health disorders,
particularly depression.” ® Both are unresolved public
health crises that impose a significant economic burden
on healthcare systems.7 The WHO emphasises the need
for economic evaluations of suicide prevention strat-
egies.® However, there is still limited data on the cost-
effectiveness of these interventions.’

One of the strongest predictors of suicide is a prior
attempt, with 20% of individuals who attempt suicide
showing reattempts,'” "' and a 12-month suicide fatality
rate of 8.2% among US adult attempters.'” Reattempt
rates vary across studies, with systematic reviews esti-
mating 15%-16% at 1 year'® and 23%—-37% at 5 years or
longer'; notably, up to 88% of reattempts occur within
the first 2 years, peaking during the initial 6-12 months
following the index attempt."” Given the high recur-
rence rate, secondary prevention—targeting individuals

with a history of suicide attempts—plays a crucial role in
reducing suicide-related deaths.'®

Advancing knowledge: detection and prognosis

Suicide prevention, as a critical public health issue,
needs a comprehensive strategy that includes universal
(population-wide), selective (targeting atrisk groups)
and indicated (focusing on individuals exhibiting suicidal
behaviours such as self-harm, ideation or attempts) inter-
ventions."” The success of these interventions depends
on accurately identifying high-risk individuals—a task
complicated by the multifactorial nature of suicide
risk. Multiple interrelated factors, such as heritability
(30%-50%), family history, biological markers, mental
health disorders and various environmental and personal
adversities, contribute to this risk.'”® '’ Despite extensive
research, our understanding of these factors has changed
little over the past 50 years, as highlighted by Franklin
et al.** Meta-analysis, and current risk stratification proto-
cols often perform no better than chance.”’ Moreover,
key factors—including genetic, behavioural and prox-
imal determinants—remain inadequately character-
ised. Therefore, there is an urgent need for improved
short-term prediction methods and personalised prog-
nostic tools to enhance targeted suicide prevention
interventions.*

Unexplored factors in suicide risk: genetics and
sociodemographic factors

No single genetic cause of suicide has been identified,
but twin and family studies® suggest that genetic factors,
combined with environmental and psychological influ-
ences, may increase vulnerability to suicidal behaviour.
Among the most promising genetic targets for under-
standing this psychiatric trait are genes involved in
serotonin neurotransmission. Specifically, certain poly-
morphisms in the SLC6A4 gene, which encodes the sero-
tonin transporter, have been linked to an increased risk
of suicide.*

However, suicide likely follows a highly polygenic
model, driven by the cumulative effect of thousands of
common variants with small effect sizes under an addi-
tive model. The largest genome-wide association studies
(GWAS) meta-analysis to date, conducted by the Psychi-
atric Genomics Consortium, analysed 29782 suicide
attempters and 519961 controls, identifying two genome-
wide significant loci.”” These findings highlight the
complex genetic architecture underlying suicide and the
need for large cohorts to improve statistical power. Addi-
tionally, other genetic variants, such as single nucleotide
variants (SNVs) and copy number variants (CNVs), may
contribute to suicide risk, although no large studies have
been performed thus far. Future research should clarify
how polygenic risk interacts with environmental and
psychological factors to predispose individuals to suicidal
behaviour.

Suicidal behaviour also exhibits sex and gender differ-
ences, with suicide rates being approximately three times
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higher in men than in women, while suicide attempt
rates are four times higher in women than in men.” Addi-
tionally, Lesbian, Gay, Bisexual, Transgender, Queer or
Questioning, and others individuals show higher suicide
rates compared with the general population.”® However,
gender is rarely considered a key variable in study designs,
stratification or data analysis, highlighting a critical gap in
suicide research.

Enhancing suicide behaviour characterisation: digital
phenotype

Recent evidence indicates that lifestyle factors—particu-
larly physical activity and sleep quality—play a significant
role in reducing suicide risk. These factors are promising
targets for real-time monitoring via digital phenotyping,
an emerging approach that uses behavioural markers
to establish a digital signature of mental health condi-
tions, 222728

A straightforward way to capture these behavioural
markers is through Google Takeout, a tool that allows
users to download and export data stored in Google
services. These data record movement patterns, distance
travelled, locations visited and app interactions, offering
objective insights into suicidal behaviour. Although
exact figures are unavailable, Gmail is estimated to have
4.1billion users, with 2.5billion active® indicating the
widespread use of Google accounts. Therefore, Google
Takeout offers an efficient means to collect passive digital
behavioural data in large population samples.

Previous studies have linked digital behaviour indi-
cators to mental health (digital phenotype), with our
research team finding an inverse relationship between
physical activity during the COVID-19 lockdown and
mood.” Recent findings from our research team have
also demonstrated the predictive potential of passive
data, achieving an area under the curve (AUC) of 0.77
for 1week suicidal risk prediction.” While prior research
has relied on ecological momentary assessment (EMA)
or smartphone sensors,”*”* Google Takeout remains an
unexplored tool for digital phenotyping in this context.

Knowledge frontiers: treatment approaches

Effective treatments specifically targeting suicidal
behaviour remain limited, largely due to the scarcity of
clinical trials using suicide risk as a therapeutic endpoint.
Most psychopharmacological trials exclude individuals
with suicidal behaviour, limiting the available evidence
on treatment efficacy.

Regarding pharmacological treatments, antidepres-
sants provide short-term protective effects against suicidal
ideation, yet further research is needed to understand the
underlying mechanisms of selective serotonin reuptake
inhibitors (SSRIs).” Growing evidence supports the
potential benefits of ketamine and esketamine in rapidly
reducing suicidal ideation.® Digital health records
provide valuable insights into proximal risk factors, such
as medication changes, which may influence suicidal
behaviour.”

For non-pharmacological interventions, cognitive
therapy, dialectical behaviour therapy (DBT), cognitive-
behavioural therapy (CBT) and brief interventions
show greater efficacy than standard care in preventing
suicide attempts.”® Further research is needed to opti-
mise delivery methods (in-person or remotely), identify
the most effective intervention strategies and assess their
long-term impact.

The exposome

Beyond individual risk factors, their combined influence
could approach us to an exposome—the totality of envi-
ronmental and biological exposures that shape physical
and mental health risks.™ A characterisation of suicidal
profiles and exposome determination could improve the
identification of atrisk individuals to enhance treatment
effectiveness. This approach has been explored by Visoki
and colleagues® in youth cohorts using environmental
and lifestyle factors and found that exposomic scores for
suicide attempts offer a generalisable approach to risk
classification. Exposomes have also been widely used in
other health fields like cancer, age-related diseases and
environmental health.""™ Most studies integrate high-
resolution metabolomics and other multi-omics tech-
niques with exposure analysis, bioinformatics, behavioural
monitoring and monitoring devices.**

Integrating genetic data, exposomic factors and digital
phenotypes can enhance the development of short-
term predictive models, with gender inclusion playing a
crucial role in improving accuracy. Current knowledge
and available tools provide the foundation for designing
personalised treatment strategies that incorporate real-
time interventions to prevent suicide attempt recurrence
cost-effectively.

Objectives

This study aims to develop a predictive algorithm for
suicidal behaviour integrating genetic markers, digital
phenotypes and exposome data. To achieve this, we
will genotype patients with a history of suicide attempts
to analyse their genetic profiles and identify associated
risk factors. Blood samples will be processed for biospec-
imen collections and future genotyping, next-generation
sequencing, methylation array and metabolic profiles
to establish potential biomarkers via integrative omics
analyses.

Secondary objectives include evaluating behavioural
factors and digital phenotypes linked to suicide risk
drawing from smartphone and web-based data. Addition-
ally, we aim to investigate the relationship between medi-
cation changes, medical history and suicidal behaviour
using data from electronic prescriptions and digital
health records. Additionally, we will assess the impact of
pharmacological interventions in conjunction with digital
phenotyping.

By successfully implementing this project, we aim to
reduce suicide rates, improve the quality of life for atrisk

Artés C, et al. BMJ Open 2026;16:€106685. doi:10.1136/bmjopen-2025-106685

salbojouyoa} Jejiwis pue ‘Bululely |y ‘Buiuiw ejep pue }xa} 0} pajejal sasn Joj Buipnjoul ‘yybriAdoo Aq pajoajoud
* e29)ol|qIg "ezobelez ap pepisiaAlun Je 9Z0z ‘¢ dunr uo jwod fwq-uadofwq)/:dyy wouy papeojumo( 9Z0Z AN 0Z uo §89901-6zZ0z-uadolwq/geLL 0L se paysiignd 3s1iy :uado riNg


http://bmjopen.bmj.com/

individuals and lessen the emotional and economic
burden on families and the healthcare system.

METHODS AND ANALYSIS

Study design and setting

This protocol describes an observational retrospec-
tive multi-site study. Patients will be recruited from 26
hospitals throughout Spain, which represent more than
8.6 million people, over 17.8% of the total Spanish popu-
lation (see online supplemental material for the full list
of participating hospitals and the 14 adjoining research
entities). Patient recruitment will begin in three hospital
units: emergency department, shortstay inpatient unit
and outpatient mental health clinics for all hospitals.

Sample

Our study will recruit patients who attend mental health
services and who have a history of at least one suicide
attempt in their lifetime. Following informed consent,
we will collect their electronic health records for further
analysis.

Inclusion criteria are as follows:

1. At least one suicide attempt (without a fatal outcome)
in their lifetime.

2. The attempt must have occurred when the participant
was older than 12 years old.

3. Participants must be at least 18 years old or have paren-

tal consent if aged 12-17.

Individuals will be excluded if a medical contraindi-
cation prevents blood sample collection or if they are
unable to provide informed consent to participate in the
study.

Sample size calculation

This study is part of a consortium aiming to collect at
least 5000 participants across Spain. Due to the partici-
pation of 19 centres across Spain, covering a catchment
area of nearly 10million people. Most centres have estab-
lished suicidal treatment programmes, each following
300 to 4000 patients with a history of suicide attempts.
Previous research on genetic markers and digital pheno-
types suggests that this sample size is necessary to account
for key variables such as gender, diagnosis and treatment
response. Based on data from Li’s” meta-analysis, which
included 8315 cases across five cohorts, a sample of 5000
cases is projected to provide 93.5% statistical power
at a 5x107® significance level, assuming a minor allele
frequency (MAF) of 0.2 and an OR of 1.3.

Measures

A multifaceted array of information will be gathered
from participants to build a complete patient profile
and identify suicide risk factors. Baseline data will be
collected from patients to assess the participant’s initial
state in a single visit or multiple sessions if needed. It is
comprised of three measures: a genetic sample collection
for genetic and metabolic analysis, a sociodemographic

and health survey carried out by a mental health clinician
and consent to Google Takeout data retrieval to analyse
digital behaviour patterns.

To complete the health profiles of the participants,
retrospective clinical data will be integrated into the study
database. These data consist of the patient’s electronic
health record, pharmaceutical treatments and statistics
from the National Institute of Statistics (Instituto Nacional
de Estadistica, INE) regarding socioeconomic and envi-
ronmental factors. The participant’s digital phenotype
analysis will integrate geographically and chronologically
referenced data from the INE to establish a digital pheno-
type. Data from the patient’s electronic health record will
include the Basic Minimum Set of Data (BMSD), a stan-
dardised set of administrative and clinical data registered
for each patient encounter used in healthcare facilities.

Sociodemographic data

Participants will be asked questions about their gender
identity, birthdate, nationality and marital status. Addi-
tional questions will examine employment status, educa-
tion, living arrangements and whether the individual
receives any form of financial assistance. We will also
include questions on family composition, such as the
number of biological and adopted children.

Medical and psychiatric information

Using validated tools to explore psychiatric history,

current symptoms and risk factors, including:

» Medical history: Questions about chronic and acute
medical conditions, categorised by cardiovascular,
neurological, endocrine, respiratory, oncological and
others.

» Psychiatric diagnoses following International Classi-
fication of Diseases, 10th Revision (ICD-10) criteria
will be established by clinicians and drawn from elec-
tronic clinical records, including mood disorders,
anxiety disorders, psychotic disorders, substance use
disorders, eating disorders and personality disorders.

» Suicidal ideation and behaviour (Columbia-Suicide
Severity Rating Scale—C-SSRS)*: This questionnaire
assesses past and recent suicidal thoughts, intent,
planning and attempts. It evaluates frequency, severity
and potential risk factors, including protective
elements (such as family support or religious beliefs)
and preparatory behaviours (eg, acquiring means or
writing suicide notes).

» Stressful life events'®: This questionnaire identifies
major stressors, such as serious illnesses, financial
crises, legal issues, job loss or bereavement.

This evaluation provides a multidimensional under-
standing of the participant’s profile, identifying risk
factors and patterns associated with suicidal behaviour.

Biospecimen collection and genomic data

Blood samples will be collected from all participants for
biospecimen collection. Blood samples enable DNA and
RNA extraction and allow the isolation of plasma and
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serum for lipidomics, metabolomics and pharmacolog-
ical assays.

With this purpose, four tubes will be drawn and stored
at 4°C for a maximum of 24 hours before biospecimen
processing. The sample includes three ethylenedi-
aminetetraacetic acid (EDTA) tubes (two 5mL and one
10mL EDTA K2 or K3) and a serum-separator tube, facil-
itating the isolation of DNA, RNA, plasma, proteins and
serum. DNA genotyping will be performed at healthcare
centres, and samples will be sent to designated labora-
tories for genotyping. This will take place through the
Axiom Spanish array (758740 markers, including single
nucleotide polymorphisms (SNPs) and a subset of 114898
SNVs in the Spanish population). This complete set of
genome-wide SNPs will be used to calculate a Polygenic
Risk Score (PRS), which is a numeric value representing
the additive contribution of hundreds of risk alleles. The
PRS offers a measure for the genetic burden of common
variants (SNPs) using risk alleles already identified in the
GWAS summary statistics from the Psychiatric Genomics
Consortium (PGC) for suicide attempts.® These per-
individual data will be integrated with clinical outcomes in
future combined analyses. Additionally, ancestry-specific
associations in the Spanish population will be performed
through a GWAS, comparing allelic frequencies between
>5000 suicide attempters and 5000 controls. 9-10million
SNPs (MAF >0.01) obtained after imputation in TOPMed
Imputation Server will be analysed. The control popula-
tion includes healthy donors from the Banco Nacional de
ADN and the Madrid Manic Group Cohort.*”* Pharma-
cological profiles will be studied to provide a comprehen-
sive approach to help uncover genetic factors influencing
suicidal behaviour.

Digital phenotype

To build the digital phenotype of participants, clinicians
will ask them to share their Google Takeout data. Google
Takeout is a Google service that allows users to export
and download personal data stored across various Google
services, such as Google Maps, Gmail, Google Contacts
or Google Calendar. This tool provides objective, indirect
insights into user behaviour patterns through their inter-
actions with these platforms. This study will extract the
following data categories from Google Takeout: phone
audio, Chrome browsing history, Gmail, Google Fit,
location history (timeline), Google Maps, YouTube and
YouTube Music.

Among these sources, geolocation and time-stamped
(chrono-referenced) data derived from Google Maps
Timeline constitute the primary digital phenotyping indi-
cators. These data enable the quantification of mobility
patterns (eg, daily distance travelled, time spent at home,
variability in routine) and temporal behavioural rhythms.
Importantly, geospatial and temporal markers will allow
linkage with external environmental datasets, including
climatological and atmospheric exposure records, facil-
itating integration with exposomic variables. Additional
extracted metadata (eg, browsing categories, search terms

related to mental health, physical activity logs and commu-
nication frequency indicators) will be operationalised
into predefined behavioural features reflecting activity
levels, sleep—wake patterns, social interaction proxies and
health-related information-seeking behaviour.

To ensure privacy, all collected data will be anonymised
before analysis. Patients will personally select the data
they consent to share, with support from a research assis-
tant. The selected data will be temporarily transferred to
a Dropbox folder, where a script will apply pseudonymi-
sation. The processed data will then be securely stored
on servers managed by the Universidad Carlos III, main-
taining pseudonymisation protocols to ensure participant
confidentiality.

Analysing these patterns may help identify correlations
between digital behaviour and mental health conditions.
For example, a decrease in mobility data or an increase in
searches related to mental health symptoms could serve
as early indicators of psychological distress.

Electronic health records
Information from the electronic health records will be
gathered retrospectively, focusing on diagnosis, general
consultations, urgency visits and hospitalisation instances.
We will use this tool to collect the BMSD data set,
which includes sex, age and diagnoses, coded according
to the International Classification of Diseases (ICD).
Additionally, data on psychiatry and psychology consulta-
tions, hospitalisations, emergency department visits and
suicide attempts treated in the emergency department
(including their dates) will be recorded. The Clinical
Global Impression (CGI) scale, which is integrated into
the Mental Health form and completed by clinicians,*’
will also be included.

Digital pharmacological history

Prescription history from the different Spanish auton-
omous communities will be used. These records allow
authorised healthcare professionals to access a patient’s
prescription history, ensuring continuous monitoring of
medication initiation, suspension, dosage adjustments
and treatment changes. Information gathered will include
patients’ identification and health history codes, dates for
treatment start and end, diagnosis and drug description,
including doses. Moreover, frequency and administration
route will be recorded, and whether patients collect their
medications from the pharmacy will be tracked, providing
an objective measure of treatment adherence.

Exposome

We will draw information from the INE, which provides
geo-referenced and time-referenced data on several vari-
ables, such as crime rates and mortality, broken down
by neighbourhoods and other territorial divisions. By
combining this dataset with the patient’s digital foot-
prints, researchers can analyse individual behavioural
patterns in relation to aggregated national or local
statistics. An aggregated dataset of the environmental,
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sociodemographic and genetic factors for each patient
will be generated to build the exposomes.

Procedure

The study will be divided into five phases (described in
figure 1): recruitment, patient inclusion, baseline data
collection, retrospective data collection and an algorithm
creation. The three first phases may occur on the same
day as the participant’s healthcare visit or be scheduled
for a later date in case of logistical constraints. This will
be followed by retrospective data collection from the elec-
tronic health records to further characterise the partici-
pants and data analysis.

The study will take place over 2 years, starting in 2025,
and the workflow is depicted in figure 2. Before patient
recruitment, the healthcare professionals’ preparation
and formation will occur. Recruitment and sample collec-
tion will be followed by database processing to merge
baseline and retrospective data before data analysis and
scientific diffusion.

2025 -
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Figure 2 Gantt chart of the workflow of the study.

Patient recruitment

Patient recruitment will take place in person at health-
care facilities. It will be conducted by psychiatrists, clin-
ical psychologists and mental health nurses in outpatient
mental health clinics, emergency departments and short-
stay hospitalisation units. When patients attend the desig-
nated health service, clinicians will check for eligibility
and, if feasible, explain the project and data protection
policies and offer them to participate.

Data storage

Clinicians will store survey data in the MEmind digital
environment—a digital platform (https://frontend.
memind.net) used to record survey responses for both
sociodemographic and psychological assessments.
Google Takeout data will be transferred to Dropbox
anonymously for data analysis. Genetic sampling will
be labelled according to the participant, who will be
then offered two options regarding any excess sample:
the leftover samples can either be destroyed or stored
for future research use in the ‘National Biobank
Registry, Collections Section’ which is managed by Dr
Baca (C.0000278). For further use in research studies,
approval by the Ethics Committee will be required,
along with new informed consent if the research is unre-
lated to the original study.

Data confidentiality
Pseudonymisation involves assigning each participant
a coded identifier that removes any direct identifying
elements. To ensure data confidentiality, the research
team responsible for pseudonymisation will be separate
from the coordinating team. Only the designated team
will retain the information necessary for potential re-iden-
tification, ensuring compliance with privacy regulations.
Patient data will remain strictly confidential throughout
the study. A secure tool will link participant codes to
medical record numbers via an external, access-restricted
file stored separately from the main study database.
These security measures ensure strict compliance with
data protection regulations, maintaining confidentiality
and integrity throughout the study.

Outcomes

The primary outcomes are suicidal behaviour, psycholog-
ical and behavioural assessments, and pharmacological
treatment changes. Suicidal behaviour will be measured
through the clinical history of the patients in terms of
visits to the emergency department, suicide attempts
codified in the hospital’s discharge reports, and deaths by
suicide. Psychological and behavioural assessments will be
measured using the C-SSRS and Brugha Scales,” ** and
the digital phenotype, which will be obtained through
Google Takeout reports. Pharmacological treatment
information will be collected from the hospital’s elec-
tronic health records, and treatment decisions will be
guided by the genetic report.
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Our secondary outcomes include pharmacological
treatment efficacy and the cost-effectiveness of genetic
markers to guide antidepressant treatments.

Statistical analysis

Traditional statistics

SPSS v. 29.0 software will be used to carry out the tradi-
tional analysis. Logistic regressions will be performed to
explore the factors associated with our outcomes, and
a multivariate regression model will be built to explore
independent associations. All tests will be two-tailed with
statistical significance set at p<0.05, with 95% ClIs.

Non-traditional statistics

Advanced statistical and machine learning methods will
be employed to identify digital behavioural biomarkers.
Longitudinal trajectories and delayed environmental
effects will be analysed using generalised linear mixed
models, including distributed lag non-linear models
(DLNM) to account for time-dependent exposomic influ-
ences. Time-to-reattempt will be modelled using a para-
metric survival model (Weibull or Gompertz, based on
model fit).

To integrate high-dimensional multi-omics and digital
phenotyping data, deep neural network architectures
will be implemented alongside conventional statistical
models to allow comparison of predictive performance
and interpretability.

Feature selection will follow a structured pipeline.
Initially, random forest models with permutation-based
Gini importance will be used to identify candidate predic-
tors. Subsequently, least absolute shrinkage and selec-
tion operator (LASSO) regularisation will be applied
to reduce dimensionality, followed by correlation anal-
yses (Pearson or Spearman, as appropriate) to remove
multicollinearity.

The cohort (n=5000) will be divided into training (60%),
validation (20%) and test (20%) sets. Model development
will incorporate nested fivefold cross-validation repeated
10 times, with bootstrapping procedures (1000 resam-
ples) to optimise hyperparameters and estimate internal
stability. Model performance will be assessed using area
under the curve —receiver operating characteristic (AUC-
ROCQ), sensitivity, specificity, and Fl-score, aiming for an
AUC-ROC of >0.80and an Fl-score of above 75%.

Distinct suicide-related personalised profiles will be
described and compared using genetic, metabolic,
medical and digital phenotyping data. Finally, a person-
alised anonymised exposome will be constructed, incor-
porating geo-temporal data from Google Takeout, along
with information from public sociodemographic data-
bases (INE).

Limitations

Despite the innovative and interdisciplinary approach of
this study, which integrates multifactorial data for suicide
risk prediction, certain limitations must be considered.

First, participant sampling may be subject to selec-
tion bias, as recruitment relies on medical staff offering
patients the opportunity to participate. However, training
sessions and standardised guidelines are provided to
healthcare professionals to ensure adherence to the
study protocol. Additionally, the completeness of patient
records may vary across participating healthcare centres.
Given that psychological distress is associated with lower
study participation rates,” this factor may influence the
study sample, particularly given participants’ history
of suicidal behaviour. Nevertheless, previous psychi-
atric studies using smartphone-based monitoring have
reported participation rates of 80%.%

Another potential limitation is the requirement for
participants to have a Google account, as well as possible
reluctance to share their Google Takeout data, despite
strict protocols ensuring data security and anonymity.
Furthermore, data from individuals who have died by
suicide cannot be collected, introducing an inherent
sampling bias. However, these cases will be accounted for
through available clinical records.

PATIENT AND PUBLIC INVOLVEMENT

Patients and the public will not be involved in its design,
recruitment or conduct. However, findings will be dissem-
inated to relevant stakeholders, including patient advo-
cacy groups, through institutional websites and scientific
meetings.

ETHICS AND DISSEMINATION

Ethical considerations

This study will be conducted in accordance with the
Declaration of Helsinki and all applicable ethical and
legal regulations, and the protocol has been registered
in clinicaltrials.gov. This study has been approved by
the Ethics Committee of the Fundacion Jiménez Diaz
(PIC301-24_F]D). Compliance is ensured with the GDPR
(EU Regulation 2016/679), Spain’s Organic Law 3/2018
on Personal Data Protection and Digital Rights, and the
provisions outlined in Law 41 /2002 on patient autonomy,
rights and clinical documentation. Additionally, all secu-
rity and data protection measures required by relevant
legislation will be implemented.

The mnational requirements for general prescrip-
tions (BOE 1718/2010, Real Decreto 1718/2010, 17 de
diciembre) allow for monitoring information regarding
pharmacological prescriptions, treatments and adher-
ence. The protocol for this study has been registered in
ClinicalTrials.gov.

Informed consent

After their eligibility is confirmed, patients will receive a
detailed explanation of the project. Underaged partici-
pants will require parental consent. Those interested will
be given time to review the information sheet, ask ques-
tions and sign the informed consent. The information
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sheet contains details regarding their participation and
what it entails, biological sample collection (blood), the
benefits and risks of the study, data protection and confi-
dentiality. Participation is entirely voluntary, and consent
can be withdrawn at any time. No financial incentives
will be provided. After the informed consent has been
signed, participants will be scheduled for the interview
and sample collection.

Dissemination plans

Advancements in technology have enhanced the feasi-
bility of effective suicide prevention—a critical societal
goal. This study aims to develop a predictive algorithm
for suicide risk by integrating genetic, metabolic, environ-
mental and digital phenotype characteristics associated
with suicidal behaviour. The findings will be analysed and
disseminated through peerreviewed publications and
presentations at scientific conferences and forums.
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