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Abstract 

Objective

Assessing the risk of suicidal outcomes is challenging, particularly in older people. 

Smartphone-based digital phenotyping may help to monitor suicide risk through 

ecological momentary assessment (EMA) applications. In this real-world study, we 

investigated if age and other clinical factors were associated with participation in EMA 

at baseline, and with retention in EMA monitoring among patients at risk of suicide.

Methods

Participation in EMA was determined by quantifying the installation of the MEmind 

mobile application in individuals involved in the SmartCrisis 1.0 and 2.0 studies. The 

patients were followed-up over a 6-month period.

Results

N = 512 patients met inclusion criteria, of which 387 installed the MEmind application 

on their smartphone. While age as a continuous variable was not associated with using 
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EMA at baseline, being aged older than 50 and being engaged in an intimate relation-

ship were independently associated with longer participation in EMA (OR 2.070, 95%CI 

[1.054–4.066], and OR 2.103, 95%CI [1.076–4.110], respectively). In an exploratory 

survival analysis, we found that EMA retention increased with age (p < 0.001).

Conclusion

Feasibility of EMA seems warranted in older people at risk of suicide. Clinicians 

should be encouraged to offer EMA monitoring to older adults, as they commonly 

face limitations in their access to healthcare facilities.

Introduction

Suicide risk increases with age [1]. Among people aged between 50 and 69 years, 
the global suicide rate is 16 per 100 000, while it reaches 27 per 100 000 among 
those aged 70 and older [2]; [3]. Suicide attempts have mostly increased among 
young individuals in the USA in recent decades [4]. In contrast, deaths by suicide 
have increased among older people, rising by 6.6 per cent in the 45–64 age group, 
and 8.1 per cent in the 65 + age group between 2021 and 2022 [5]. In spite of these 
figures, many older suicide attempters do not receive appropriate psychiatric care 
after self-harm in the United States [6]. The situation is equally concerning in other 
countries, such as Spain, were the incidence of suicide attempts among older adults 
has been estimated at 35 per 100 000 [7].

Early detection of suicidal behavior and tailored monitoring of people at risk is 
essential to prevent death by suicide, especially in the ageing population. Particular 
attention should be paid to the post-discharge period, as the risk of suicide increases 
after hospitalization [8]. In addition, social isolation and the feeling of loneliness are 
well-established risk factors for the occurrence of suicidal ideation in older patients [2].

Nonetheless, predicting suicide attempts and deaths by suicide remains a chal-
lenge. Among older people, physical disability, cognitive impairment and poor access 
to psychiatric facilities may alter accurate and timely psychological assessment [9]. 
Individuals aged 50 and older may have more limited access to preventive measures, 
such as engagement in safety planning [10]. Therefore, the accurate recording of 
dynamic health data in daily life may improve the identification of suicide risk. Mobile 
health (mHealth) platforms help identify suicide risk in the short term [11], and are 
generally well accepted in the psychiatric population [12]. Smartphone-based digital 
phenotyping and mHealth provide an innovative framework for ecological momentary 
assessment (EMA) [13].

EMA has received increasing interest in suicide research [14]. EMA involves real-
time monitoring of mental health in daily life (psychological state, mood), based on 
active patient participation. It integrates contextual stressors which are interpreted 
within an ecological framework.

However, the so-called digital divide may affect the participation in EMA [15], as 
the individuals born before 1970 have only recently become familiar with the internet 
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and mobile technologies. In fact, people born prior 1960, and those belonging to the sixties generation were middle aged 
when world wide web was popularized in 1994 [16], and when the first smartphone was released in 2007 [17], respec-
tively. In addition, repeated assessment and inadequate software design may reduce the acceptability of EMA protocols 
due to the burden on daily life. Fatigue or apathy associated with mental disorders and difficulties in using new mobile 
technologies may alter the retention rate in EMA programs over time. Previous studies exploring the feasibility of EMA 
have reported heterogeneous compliance rates, ranging from 36 to 98% in older adults [18]. The majority of feasibility 
studies were conducted with small sample sizes or did not evaluate patient retention beyond two weeks [12,18,19]. A 
recent systematic review reported median sample sizes of 53 participants [20]. Moreover, most studies are monocentric 
or conducted in one country. Finally, patients receiving financial incentives were often included, which may artificially 
increase retention rates [14].

Porras-Segovia and colleagues (2022) evaluated and compared the feasibility of active and passive EMA in suicide 
attempters enrolled in the SmartCrisis 1.0 study [21]. They found that younger age and being employed were associated 
with a higher acceptance to install at least one active or passive EMA application. They also reported that the retention 
rate for the use of active EMA fell below 50% after 3 months of follow-up, and that retention was determined by other inde-
pendant factors including the exclusion of passive EMA and the satisfaction with the application. However, participation in 
active EMA was not evaluated specifically.

A better understanding of participation in active EMA according to age and other patient characteristics may help to 
design well-tailored EMA programs and improve their effectiveness for suicide prevention [18]. Improving the retention 
of older people in active EMA for suicide prevention is important, as they often experience difficulties to access standard 
psychiatric healthcare [22]. Multicentre real-world studies including large patient samples, followed-up over an extended 
period, without financial incentives and focusing specifically on active smartphone-based EMA are currently lacking.

This study examined whether age and other clinical characteristics were associated with participation in active EMA at 
baseline, defined as application installation, in a large sample of patients at risk of suicide. We then explored the associa-
tion between those characteristics and retention rates over time in EMA participants. We hypothesize that age and other 
factors involved in the digital divide, such as educational level, will affect retention in EMA.

Materials and methods

Context and design

This is a feasibility study, based on data from the SmartCrisis 1.0 (NCT03720730), and the SmartCrisis 2.0 (NCT04775160) 
studies, conducted in Madrid, Spain and in Montpellier and Nîmes, France [23]; [24]. The SmartCrisis studies involve the 
use of an application “MEmind” designed to monitor mental health parameters. These applications were installed on the 
patient’s smartphone by a trained psychologist during the first visit. Patients were instructed on how to use them. The EMA 
application collects explicit data and relies on the active participation of the patients. Information collected include questions 
prompted in patients’s Smartphones on day to day mood and negative feelings, wish to die, sleep quality and quantity, and 
appetite. Patients were followed-up over 6 months. The protocols were approved by the Institutional Review Board of the 
Fundación Jiménez Díaz Hospital, (Madrid, Spain) and by the local ethics committee (Comité de protection des Personnes 
OUEST IV, Nantes, France, 20187-A02634-49). All participants provided written informed consent before entering the 
study. All experimental methods were carried out in accordance with the ethical guidelines determined by the Declaration of 
Helsinki. The recruitment started in April 2018 in Madrid, and in July 2018 in the French centres.

Sample

The patients were recruited consecutively in the Emergency Department and Outpatient Mental Health Clinic of the 
University Hospital Fundación Jiménez Díaz (Madrid, Spain), in the Centre Hospitalier Universitaire (CHU) of Montpellier 
(France), and in the Centre Hospitalier Universitaire (CHU) of Nîmes (France). Participants received no financial incentive. 
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Inclusion criteria were: age 18 years and older, a history of suicidal thoughts or behaviors assessed with the Columbia 
Suicide Severity Rating Scale (CSSRS) [25], owning a smartphone with an iOS or Android operating system with an inter-
net connection, and being able to give written informed consent [23]; [24].

Sociodemographic and clinical data collection

At baseline, sociodemographic characteristics were collected, including age, sex, marital status, employment status, and 
educational level. Clinical diagnosis was assessed from the electronic clinical records in accordance with the International 
Classification of Diseases, 10th Revision (ICD-10) criteria [26]. Suicidality was evaluated using the CSSRS and the suicid-
ality module of the MINI International Neuropsychiatric Interview 7.0.0 [27]. Depression was investigated with the clinician 
version of the Inventory for Depressive Symptomatology (IDS-C) [28], and impulsivity was assessed through the Barrat 
Impulsiveness Scale [29].

Outcomes

EMA feasibility was defined by installation of the MEmind application on the smartphone, taken as an indicator of partici-
pation. Installing the application is a key factor for patients’ access to EMA monitoring. Prior studies assessed the willing-
ness to download a smartphone application to evaluate the acceptability of EMA [30], and recorded installation rates to 
investigate the feasibility of active EMA in psychiatric and student populations [12]. We then compared age and patients’ 
characteristics according to the installation or not of the application. Retention rate was assessed over the 6 month 
follow-up. Retention in EMA was considered acceptable if the application remained installed for at least 90 days follow-
ing enrollment. This conclusion aligns with Porras-Segovia et al. (2022), who observed retention rates dropping below 
50% after 3 months. Additionally, the 90-day threshold corresponds to the period with the highest suicide risk following a 
suicide attempt or post-discharge [31]; [32]. Furthermore, the 90-day retention period was investigated in prior feasibility 
studies of digital monitoring from our group [33].

We defined the > 50 age category based on the potential effects of the digital divide [15], on the late acculturation with 
smartphone [17], and on the limited access to effective suicide prevention in this population [10]. For exploratory analysis, 
we defined four age categories 18–35; 35–50; 50–60 and >60 as defined by the by the American Psychological Associa-
tion [34] and by the World Health Organization [35].

Statistical analysis

Clinical and sociodemographic characteristics of participants are presented as numbers and corresponding percentages 
for categorical variables and mean (Standard Deviation, SD) or median [25th percentile – 75th percentile], depending on 
the distribution for quantitative variables. Clinical and sociodemographic characteristics were compared between EMA 
participants and non-participants using χ2 or ANOVA. Significant variables were then entered into a logistic regression 
model. Survival curves in different age ranges were designed with Kaplan-Meier and log-rank tests. Statistical analysis 
was performed using SPSS 29.0 software. The significance level was set at p < 0.05.

Results

Baseline characteristics of the sample

From the 516 patients evaluated at inclusion, 4 were excluded because of missing data regarding age and gender vari-
ables. Upon the 512 patients included in the analysis at baseline, 387 had installed the MEmind application on their smart-
phone. The flow chart is provided in Fig 1.

Clinical characteristics of the sample at baseline are shown in Table 1. The mean age was 40.9 years [SD = 15], and 
182 of the patients were male (35.5%). Most patients had completed higher education (n = 302; 74.8%) and had been in 
an intimate relationship, either currently partnered (n = 159; 31.6%) or separated/widowed (n = 108; 21.5%). Most patients 
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were unemployed (n = 233; 73%) and had a major depressive episode according to the IDS-C (n = 422; 82.4%). In our 
sample, 150 patients had attempted suicide in their lifetime (43.2% of the 347 patients with available data).

Association between age and EMA participation at baseline

At baseline, age did not significantly differ between EMA participants (mean age = 40 [SD = 14]) and non-participants 
(mean age = 43 [SD17]), p = 0.11.

Association between other patients’ characteristics and EMA participation at baseline

Univariate analysis shows that EMA participants were more likely to have a higher level of education (60.6% vs 14.1%; 
p = 0.003), more likely to be unemployed (56.1% vs 16.9%, p = 0.01) and more likely to be depressed (65.8% vs 16.6%; 
p < 0.001) than non-participants (Table 1). No relationships was found with the gender, with lifetime or last-month suicidal 
behaviors, nor with the level of impulsivity. Moreover, there were no associations between EMA participation and psy-
chiatric comorbidities, including any substance use disorder, bipolar disorders, or general anxiety disorders, nor with the 
participants’ country of origin (i.e., Spain or France) (Data not shown). Significant univariate associations were tested in 
two separate logistic regression models, including either educational level (model 1) or employment status (model 2), 
as those variables are highly colinear (p < 0.001). The results of the logistic regression analysis are shown in Table 2. In 
model 1, higher educational level and major depressive disorder were associated with more frequent EMA participation 
(OR = 2.289, 95%CI [1.362–3.846], and OR = 3.017, 95%CI [1.640–5.551], respectively). In model 2, unemployment and 
major depressive disorder were associated with more frequent EMA participation (OR = 2.226, 95%CI [1.168–4.246], and 
OR = 2.798, 95%CI [1.468–5.333], respectively).

Association between age, patients’ characteristics and EMA retention over time

We then assessed the association between patients’ characteristics at baseline, and EMA retention over the follow-up. 
Univariate analysis shows that patients participating in EMA for more than 90 days were more likely to be aged 50 years 

Fig 1.  Flow chart of the study.

https://doi.org/10.1371/journal.pone.0346772.g001
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or older (20.2% vs 9.3%, p < 0.001), to be in an intimate relationship (20.2% vs 13.6%, p < 0.001), and to be unemployed 
(44.6% vs 32.9%, p = 0.023) than those participating for less than 90 days (Table 3).

Statistically significant univariate associations were then analyzed in a logistic regression model (Table 4). Being aged 
50 years or older and currently living with a partner were independently associated with longer EMA participation (OR = 
2.070, 95%CI [1.054–4.066], and OR = 2.103, 95%CI [1.076–4.110], respectively).

Exploration of EMA retention over time according to age: survival analyses

In an exploratory survival analysis, we found that patients aged 50 years and older were more likely to participate in 
EMA > 90 days compared with those younger than 50 (p < 0.001). The results are shown in Fig 2. We also explored EMA 
retention according to young (18–35 years), middle (35–50), or older age ranges (50–60 and > 60 years, Fig 3). Survival 
analysis showed that EMA retention increased with age (p < 0.001). However, EMA retention decreased in individuals 
aged 70 and older (p < 0.001, Fig 4). Specifically, participation in EMA for more than 90 days increased with age: 45.8% in 

Table 1.  Clinical characteristics of patients at baseline.a

Clinical characteristics Whole population
(n = 512)

Missing data App installed
(n = 387)

App not installed 
(n = 125)

Significance
(p-value) b

Age (years) 40.9 [15] – 40 [14] 43 [17] 0.11

Age (>50 years) 159 (31.1%) – 114 (22.3%) 45 (8.8%) 0.17

Gender (male) 182 (35.5%) – 129 (25.2%) 53 (10.4%) 0.07

Study level 108 0.003

No/ Primary/ Secondary studies 102 (25.2%) 68 (16.8%) 34 (8.4%)

Higher educational degree 302 (74.8%) 245 (60.6%) 57 (14.1%)

Family status 9 0.17

Single 236 (46.9%) 175 (34.8%) 61 (12.1%)

Separated or widowed 108 (21.5%) 78 (15.5%) 30 (6%)

Lives with a partner 159 (31.6%) 129 (25.6%) 30 (6%)

Employement 193 0.01

Employed 57 (17.9%) 36 (11.3%) 21 (6.6%)

Unemployed 233 (73%) 179 (56.1%) 54 (16.9%)

Retired 29 (9.1%) 16 (5%) 13 (4.1%)

Major depressive disorder – <0.001

(IDS-C < 13)c 90 (17.6%) 50 (9.8%) 40 (7.8%)

(IDS-C > 13) 422 (82.4%) 337 (65.8%) 85 (16.6%)

Lifetime suicidal behavior 165 0.59

No 197 (56.8%) 152 (43.8%) 45 (13%)

Yes 150 (43.2%) 112 (32.3%) 38 (11%)

Suicidal behavior in the last month

No 199 (70.3%) 229 150 (53%) 49 (17.3%) 0.51

Yes 84 (29.7%) 64 (22.6%) 20 (7.1%)

Impulsivity level (BIS, Median score = 69)c

Low (<median) 120 (51.7%) 280 106 (45.7%) 14 (6%) 0.58

High (> median) 112 (48.3%) 99 (42.7%) 13 (5.6%)
a Data are means [Standard Deviation], or number (%).
b, The characteristics of patients with the MEmind app installed on their smartphone were compared with those without the installed app.
c. IDS-C: Inventory for Depressive Symptomatology; BIS: Barrat impulsiveness scale

https://doi.org/10.1371/journal.pone.0346772.t001
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patients under 50 years, 63.9% in those aged 50–60 years, 84% in those aged 60–70 years, and 66.7% in those aged 70 
years and older.

Discussion

In this study, we explored the impact of age and other patient characteristics on EMA participation and retention in a large 
sample of patients with a history of suicidal thoughts or behaviors. At baseline, EMA participation was not associated with 
age but was more frequent among patients with higher education, unemployment, and major depressive disorder. During 
the follow-up, older age and being in couple predicted EMA use over a longer period. While employment status showed 
univariate association with EMA use during the follow-up, its effect disappeared in multivariate models. Furthermore, 
exploratory analyses suggested that retention increased with age over time, although it slightly decreased in individuals 
aged 70 years and older compared with those aged 60–70 years.

Of the 512 patients who agreed to participate, 387 (75%) installed the EMA application at baseline. This rate is slightly 
lower than that reported by Porras-Segovia et al. (2022) in the SmartCrisis 1.0 study (81.2%) [21], but similar to levels 
found with passive EMA [12]. A feasibility study conducted during the COVID-19 outbreak found that 67% of older adults 
(mean age 65 years) installed and used an active EMA application over one week [36]. In younger individuals, adherence 
to EMA—defined as daily survey completion—reached 90% in the first week [37]. Other studies have also examined 
EMA feasibility across psychiatric populations, although most assessed compliance as the proportion of answered EMA 
prompts relative to the total delivered, with rates ranging from 52% to 90% [14].

In our study, we decided to assess the installation rates of the application at baseline as the primary outcome. In fact, 
intalling the application constitutes a critical prerequisite and a potential barrier to patients’ access to the active EMA. Fur-
thermore, it constitutes the first step in enrolling vulnerable population at risk of suicide into a close monitoring procedure, 
potentially enabling improved health outcomes.

While some people may not enter the mental healthcare system for fear of stigma, the digital divide may also exclude 
individuals with psychiatric vulnerabilities [38]. Therefore, understanding the characteristics associated with access to EMA 
technologies is essential to reach patients with the highest preventive needs. We characterized the specific profile of patients 

Table 2.  Clinical characteristics associated with EMA app installation at baseline.

Model 1 Model 2

Clinical characteristics Estimated odds ratio 
(Exp(b))a

95% CI for 
Exp(b)

Significance
(p-value)

Estimated odds ratio 
(exp(b))

95% CI for 
Exp(b)

Significance
(p-value)

Age > 50 (years) 1.024 0.603 - 1.740 0.930 0.630 0.354 - 1.122 0.117

Gender (male) 0.616 0.376 - 1.007 0.054 0.870 0.520 - 1.458 0.598

Higher educational 
degreeb

2.289 1.362 - 3.846 0.002 – – –

Employment (Model 2)

Employed – – –

Unemployed – – 2.226 1.168 - 4.246 0.015

Retired – – 1.376 0.477 - 3.973 0.555

Major depressive disorder 
(IDS-C ≥ 13)c

3.017 1.640 - 5.551 <0.001 2.798 1.468 - 5.333 0.002

a.The association between the characteristics of patients and the installation of the MEmind app was tested in a logistic regression model.
b.The study level was significantly associated with employment status p < 0.001, hence these variables were tested in separate models (Study level in 
model 1 and employment status in model 2).
c.IDS-C: Inventory for Depressive Symptomatology

https://doi.org/10.1371/journal.pone.0346772.t002
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who installed the EMA application: they had a higher level of education, were more likely to be unemployed, and more 
likely to be diagnosed with depression compared with those not using EMA. It is possible that unemployed participants may 
include people with mental-related disability, which may explain the coexistence of this factor with depressive disorders in 
the patient’s profile. This should be explored in future studies. Importantly, these features are shared with populations at 
increased risk of suicide [39]. Indeed, meta-analyses have reported increased odds for suicidality in unemployed people [40], 
particularly in those with a history of mental disorders [41]. Furthermore, depressive disorders are associated with suicidal 
ideation and death by suicide [42]. In the same line, higher education attainment may increase the risk of death by suicide 
[43]; [44]. Patients with such profile may be more likely to accept an offer of additional mental health resources.

To achieve their preventive goals, EMA monitoring programs must retain the most vulnerable individuals during the 3 
months following a suicide attempt. In fact, suicide risk is highest during this period [31], particularly among depressed 
people following hospital discharge [32]. Individuals aged ≥50 years and those in an intimate relationship were most likely 
to use EMA for more than 90 days.

The risk of death by suicide increases with age [1], and people aged 50 years and older may be less likely to benefit 
from suicide prevention interventions, including safety planning, referral to mental health services, and psychiatric hos-
pitalization after a suicide attempt [10]. Hence, longer retention of patients aged ≥50 years in EMA monitoring may help 
compensate for barriers to healthcare access. Although the age-related digital divide is thought to prevent older people 

Table 3.  Clinical characteristics according to smartphone app use < 90 days or ≥90 days.a

Clinical characteristics Missing data Smartphone app use < 90 days
(n = 184)

Smartphone app use ≥ 90 days
(n = 203)

Significance
(p-value)b

Age – < 0.001

(<50 years) 148 (38.2%) 125 (32.3%)

(≥50 years) 36 (9.3%) 78 (20.2%)

Gender – 0.472

Male 58 (15%) 71 (18.3%)

Female 126 (32.6%) 132 (34.1%)

Study level 74 0.154

No/ Primary/ Secondary studies 38 (12.1%) 30 (9.6%)

Higher education 113 (36.1%) 132 (42.2%)

Family status 5 <0.001

Single 103 (27%) 72 (18.8%)

Separated or widowed 27 (7.1%) 51 (13.4%)

Lives with a partner 52 (13.6%) 77 (20.2%)

Employement 156 0.023

Employed 24 (10.4%) 12 (5.2%)

Unemployed 76 (32.9%) 103 (44.6%)

Retired 6 (2.6%) 10 (4.3%)

Major depressive disorder – 0.945

(IDS-C < 13)c 24 (6.2%) 26 (6.7%)

(IDS-C > 13) 160 (41.3%) 177 (45.7%)

Lifetime suicidal behavior 123 0.459

No 69 (26.1%) 83 (31.4%)

Yes 56 (21.2%) 56 (21.2%)
a Data are numbers (%).
b, The characteristics of patients with the MEmind app installed were compared between those who used the app < 90 days and ≥90 days.
c. IDS-C: Inventory for Depressive Symptomatology

https://doi.org/10.1371/journal.pone.0346772.t003
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from using digital tools for healthcare, we observed increasing retention rates with age. In fact, recent studies reported 
increasing smartphone use by older people [45] and its internet-related services. While older people may refrain from 
smartphone use due to feeling of incompetence or negative attitudes toward new technologies, Vassilakopoulou et al. 
(2023) outlined that emotional and cognitive support from family or partner may encourage learning and willingness to 
adopt digital tools [15]. Furthermore, a recent meta-analysis outlined elevated compliance rates to EMA programmes in 
the individuals aged 60 an older [18]. This is in line with our results as we have shown that older age, along with being in 
an intimate relationship, are both likely to increase retention in EMA. We did not find significant interactions between both 
variables probably due to lack of power.

Although the 50-year age cutoff may be debated, as it was set a priori based on the potential effects of the digital divide 
and generational differences in smartphone use, the trend toward increased retention with age was confirmed by explor-
atory analyses. Retention in EMA increased across the lifespan, with the highest rates observed in patients aged 60 years 

Table 4.  Clinical characteristics of the patients associated with EMA app use ≥ 90 days during follow-up.

Clinical characteristics Estimated odds ratio (exp(b))a 95% CI for Exp(b) Significance
(p-value)

Age (≥ 50 years) 2.070 1.054 - 4.066 0.035

Gender (male) 1.128 0.642 - 1.982 0.675

Family status

Single – – –

Separated or widowed 1.830 0.839 - 3.990 0.129

Lives with a partner 2.103 1.076 - 4.110 0.030

Employment

Employed – – –

Unemployed 2.031 0.908 - 4.544 0.085

Retired 1.180 0.305 - 4.562 0.810

a,The association between the characteristics of patients and the use of the MEmind app during follow-up was tested in a logistic regression model.

https://doi.org/10.1371/journal.pone.0346772.t004

Fig 2.  Retention rates in EMA over the 3 months of follow-up according to age. Age was divided in two categories: 18-50 years and > 50 years old.

https://doi.org/10.1371/journal.pone.0346772.g002
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and older—approximately twice those of patients under 35 years. However, retention slightly declined among individuals 
aged 70 years and older compared with those aged 60–70 years. Nevertheless, the retention rates in this group remaind 
higher than in those aged between 50 and 60 years. This observation could encourage clinicians to propose EMA to the 
elderly as they have often poor access to psychiatric facilities [22].

The use of active EMA opens the way for tailored suicide prevention through ecological momentary interventions 
involving the implementation of digital therapeutic tools [24]. Future studies should include populations with rare access 
to the internet or to smartphones to investigate the specific barriers impacting EMA participation. On a second level, EMA 

Fig 3.  Retention rates in EMA over the 3 months of follow-up according to age. Age was divided in four categories: 18-35; 35-50; 50-60 and > 60 
years old.

https://doi.org/10.1371/journal.pone.0346772.g003

Fig 4.  Retention rates in EMA over the 3 months of follow-up according to age. Age was divided in four categories: < 50; 50-60; 60-70 and > 70 
years old.

https://doi.org/10.1371/journal.pone.0346772.g004
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retention is crucial to ensure the efficacy of suicide preventive measures during high-risk periods. Therefore, interventions 
aiming at improving retention (such as personalized user support, streamlined app interfaces, or tailored motivational 
reminders) should be studied. Finally, other clinical populations may benefit from smartphone-based EMA. For instance, 
recent pilot studies indicate that active smartphone-based data collection may be feasible in forensic outpatients and may 
improve emotional awareness [46]. Further, Ross and colleagues emphasized the importance of contextual factors linked 
to digital inequalities in facilitating early engagement with mobile health programs implemented in forensic settings. [47].

Limitations and strengths

This study assessed installation rates of the EMA application rather than compliance or response rates to EMA prompts, 
limiting conclusions about sustained engagement. Because participants did not receive financial incentives, installation 
may rather reflect intrinsic motivation and patient’s interest toward EMA. Although focusing on installation facilitates 
comparisons between active and passive EMA approaches [33]; [21], future studies should examine compliance to better 
understand factors influencing application use over time. Reasons for failed installation may vary (e.g., incompatible 
device, refusal, technical problems) and should have been documented. Differences in digital literacy may also influence 
EMA use, as could cultural and socioeconomic factors such as income or place of residence (urban vs rural). Education 
level and employment status were highly collinear, so their associations with application installation at baseline were 
tested in separate logistic regression models to improve interpretability. Some clinical variables had high levels of missing 
data. Missingness differed between EMA participants and non-participants only for employment status (80.8% vs 19.2%, 
p = 0.034) and impulsivity levels (65% vs 35%, p < 0.001), but not between those who used the application for more than 
90 days and those who used it for less than 90 days.

Strengths of this study include the large sample of well-characterized individuals from two EMA cohorts (SmartCrisis 
1.0 and 2.0) following suicide attempts or ideation. To our knowledge, both the sample size and the 90-day retention 
period are among the largest reported in EMA research.

Conclusions

In this study, age and clinical characteristics influenced participation and retention in active EMA among patients at risk 
of suicide. Higher education, unemployment, and major depressive disorder were associated with greater participation, 
whereas older age and being in an intimate relationship predicted longer retention. Individuals aged ≥50 years were most 
likely to maintain EMA use beyond 90 days, indicating that older adults can effectively participate in digital monitoring 
despite potential barriers. These findings support the feasibility of smartphone-based EMA as a complementary approach 
to suicide prevention, particularly in older adults, by enabling real-time monitoring and early intervention. Future research 
should address barriers to application use (such as digital literacy, cultural factors or cognitive impairment) and optimize 
digital interventions for populations with the greatest prevention needs.

Acknowledgments

We are very grateful to Rosa Nunes for helping drafting and formatting the manuscript. We are very grateful to the 
Memind Group: María Luisa Barrigón (Instituto de Investigación Sanitaria Fundación Jiménez Díaz, Madrid, Spain), Jorge 
Lopez-Castroman (Department of Psychiatry, Radiology, Public Health, Nursing and Medicine; University of Santiago de 
Compostela, A Coruña, Spain), Phillippe Courtet (Department of Emergency Psychiatry and Acute Care, Centre Hospi-
talier Universitaire Montpellier, University of Montpellier, Montpellier, France), Antonio Artés-Rodriguez (Department of  
Signal Theory and Communications, Carlos III University, Madrid, Spain), Fuensanta Aroca Bisquert (Instituto de 
Matemáticas, Universidad Nacional Autónoma de México (UNAM), Mexico City 14610, Mexico), Ana Maria De Granda- 
Beltrán (Instituto de Investigación Sanitaria Fundación Jiménez Díaz, Madrid, Spain; Universidad Autónoma de Madrid, 



PLOS One | https://doi.org/10.1371/journal.pone.0346772  April 16, 2026 12 / 14

Madrid, Spain), José Luis Palomo (Department of Psychiatry, Hospital Universitario General de Villalba, Collado Villalba, 
Madrid, Spain), Elizabeth Madridejos (Department of Psychiatry, Hospital Universitario Fundación Jiménez Díaz, Madrid, 
Spain), Lucía Albarracín García (Instituto de Investigación Sanitaria Fundación Jiménez Díaz, Madrid, Spain; Universidad 
Autónoma de Madrid, Madrid, Spain), Carmen Aguilar Castillo (Instituto de Investigación Sanitaria Fundación Jiménez 
Díaz, Madrid, Spain), Laura Jiménez-Muñoz (Instituto de Investigación Sanitaria Fundación Jiménez Díaz, Madrid, Spain), 
Sofía Abascal-Peiró (Department of Psychiatry, University Hospital Fundación Jiménez Díaz, Madrid, Spain), Ana Pérez-
Balaguer (Departament of Psychiatry, University Hospital El Escorial, San Lorenzo de El Escorial, Madrid, Spain), Enrique 
Baca-Garcia (Lead author of the MeMind group: EBaca@quironsalud.es; Instituto de Investigación Sanitaria Fundación 
Jiménez Díaz, Madrid, Spain; Universidad Autónoma de Madrid, Madrid, Spain; Department of Psychiatry, Hospital Uni-
versitario Fundación Jiménez Díaz, Madrid, Spain. Department of Psychiatry, Hospital Rey Juan Carlos Móstoles, Madrid, 
Spain. Department of Psychiatry, Nimes University Hospital, Nimes, France; Centro de Investigación Biomédica en Red 
de Salud Mental, Madrid, Spain; CIBERSAM, Research Group CB/07/09/0025, Madrid, Spain; Department of Psychiatry, 
Universidad Autónoma de Madrid, Madrid, Spain; Universidad Católica del Maule, Talca, Chile; Department of Psychiatry, 
Hospital Central de Villalba Villalba, Madrid, Spain; Department of Psychiatry, Hospital Universitario Infanta Elena Valde-
moro, Madrid, Spain). Dr Conejero and Pr Baca-Garcia had full access to the data and take responsibility for the integrity 
of the data and the accuracy of the data analysis. Study concept and design: De Granda-Beltrán, Albarracín-García,  
Porras-Segovia, Luisa Barrigón, Lopez-Castroman, Courtet, Artés-Rodriguez. Acquisition, analysis, or interpretation of 
data: De Granda-Beltrán, Albarracín-García, Porras-Segovia, Luisa Barrigón, Lopez-Castroman, Courtet, Artés- 
Rodriguez, Conejero, Baca-Garcia. Drafting of the manuscript: Conejero, Lopez-Castroman, Baca-Garcia. Critical revision 
of the manuscript for important intellectual content: Porras-Segovia, Barrigón, Lopez-Castroman, Courtet, Artés- 
Rodriguez, Conejero, Baca-Garcia. Statistical analysis: Conejero, Lopez-Castroman, Baca-Garcia. Study supervision: 
Lopez-Castroman, Courtet, Baca-Garcia.

Author contributions

Conceptualization: Ana de Granda-Beltrán, Lucía Albarracín-García, Alejandro Porras-Segovia, María Luisa Barrigón, 
Jorge Lopez-Castroman, Phillippe Courtet, Antonio Artés-Rodriguez.

Data curation: Ismael Conejero, Jorge Lopez-Castroman, Enrique Baca-Garcia.

Formal analysis: Ismael Conejero, Ana de Granda-Beltrán, Lucía Albarracín-García, Alejandro Porras-Segovia, María 
Luisa Barrigón, Jorge Lopez-Castroman, Phillippe Courtet, Antonio Artés-Rodriguez, Enrique Baca-Garcia.

Funding acquisition: Ana de Granda-Beltrán, Lucía Albarracín-García, Alejandro Porras-Segovia, María Luisa Barrigón, 
Jorge Lopez-Castroman, Phillippe Courtet, Antonio Artés-Rodriguez, Enrique Baca-Garcia.

Supervision: Jorge Lopez-Castroman, Phillippe Courtet, Enrique Baca-Garcia.

Writing – original draft: Ismael Conejero, Jorge Lopez-Castroman, Enrique Baca-Garcia.

Writing – review & editing: Ismael Conejero, Alejandro Porras-Segovia, María Luisa Barrigón, Jorge Lopez-Castroman, 
Phillippe Courtet, Antonio Artés-Rodriguez, Enrique Baca-Garcia.

References
	1.	 Shah A, Bhat R, Zarate-Escudero S, DeLeo D, Erlangsen A. Suicide rates in five-year age-bands after the age of 60 years: the international land-

scape. Aging Ment Health. 2016;20(2):131–8. https://doi.org/10.1080/13607863.2015.1055552 PMID: 26094783

	2.	 De Leo D. Late-life suicide in an aging world. Nat Aging. 2022;2(1):7–12. https://doi.org/10.1038/s43587-021-00160-1 PMID: 37118360

	3.	 Naghavi M, Global Burden of Disease Self-Harm Collaborators. Global, regional, and national burden of suicide mortality 1990 to 2016: systematic 
analysis for the Global Burden of Disease Study 2016. BMJ. 2019;364:l94. https://doi.org/10.1136/bmj.l94 PMID: 31339847

	4.	 Olfson M, Blanco C, Wall M, Liu S-M, Saha TD, Pickering RP, et al. National trends in suicide attempts among adults in the United States. JAMA 
Psychiatry. 2017;74(11):1095–103. https://doi.org/10.1001/jamapsychiatry.2017.2582 PMID: 28903161

mailto:EBaca@quironsalud.es
https://doi.org/10.1080/13607863.2015.1055552
http://www.ncbi.nlm.nih.gov/pubmed/26094783
https://doi.org/10.1038/s43587-021-00160-1
http://www.ncbi.nlm.nih.gov/pubmed/37118360
https://doi.org/10.1136/bmj.l94
http://www.ncbi.nlm.nih.gov/pubmed/31339847
https://doi.org/10.1001/jamapsychiatry.2017.2582
http://www.ncbi.nlm.nih.gov/pubmed/28903161


PLOS One | https://doi.org/10.1371/journal.pone.0346772  April 16, 2026 13 / 14

	 5.	 Suicide Data and Statistics. Suicide Prevention. https://www.cdc.gov/suicide/suicide-data-statistics.html. 2023. Accessed 2023 December 28.

	 6.	 Schmutte T, Olfson M, Xie M, Marcus SC. Self-Harm, Suicidal Ideation, and Attempted Suicide in Older Adults: A National Study of Emergency 
Department Visits and Follow-Up Care. Am J Geriatr Psychiatry. 2020;28(6):646–58. https://doi.org/10.1016/j.jagp.2019.12.003 PMID: 31917069

	 7.	 Soriano Barceló J, Portes Cruz J, Cornes Iglesias JM, Portela Traba B, Brenlla González J, Mateos Álvarez R. Health care contact prior to suicide 
attempts in older adults. A field study in Galicia, Spain. Actas Esp Psiquiatr. 2020;48(3):106–15. PMID: 32905603

	 8.	 Forte A, Buscajoni A, Fiorillo A, Pompili M, Baldessarini RJ. Suicidal Risk Following Hospital Discharge: A Review. Harv Rev Psychiatry. 
2019;27(4):209–16. https://doi.org/10.1097/HRP.0000000000000222 PMID: 31274577

	 9.	 Conejero I, Olié E, Courtet P, Calati R. Suicide in older adults: current perspectives. Clin Interv Aging. 2018;13:691–9. https://doi.org/10.2147/CIA.
S130670 PMID: 29719381

	10.	 Simons K, Van Orden K, Conner KR, Bagge C. Age Differences in Suicide Risk Screening and Management Prior to Suicide Attempts. Am J Geri-
atr Psychiatry. 2019;27(6):604–8. https://doi.org/10.1016/j.jagp.2019.01.017 PMID: 30799168

	11.	 Barrigon ML, Romero-Medrano L, Moreno-Muñoz P, Porras-Segovia A, Lopez-Castroman J, Courtet P, et al. One-Week Suicide Risk Prediction 
Using Real-Time Smartphone Monitoring: Prospective Cohort Study. J Med Internet Res. 2023;25:e43719. https://doi.org/10.2196/43719 PMID: 
37656498

	12.	 Porras-Segovia A, Molina-Madueño RM, Berrouiguet S, López-Castroman J, Barrigón ML, Pérez-Rodríguez MS, et al. Smartphone-based eco-
logical momentary assessment (EMA) in psychiatric patients and student controls: A real-world feasibility study. J Affect Disord. 2020;274:733–41. 
https://doi.org/10.1016/j.jad.2020.05.067 PMID: 32664009

	13.	 Torous J, Onnela J-P, Keshavan M. New dimensions and new tools to realize the potential of RDoC: digital phenotyping via smartphones and 
connected devices. Transl Psychiatry. 2017;7(3):e1053. https://doi.org/10.1038/tp.2017.25 PMID: 28267146

	14.	 Sedano-Capdevila A, Porras-Segovia A, Bello HJ, Baca-García E, Barrigon ML. Use of Ecological Momentary Assessment to Study Suicidal 
Thoughts and Behavior: a Systematic Review. Curr Psychiatry Rep. 2021;23(7):41. https://doi.org/10.1007/s11920-021-01255-7 PMID: 34003405

	15.	 Vassilakopoulou P, Hustad E. Bridging Digital Divides: a Literature Review and Research Agenda for Information Systems Research. Inf Syst 
Front. 2023;25(3):955–69. https://doi.org/10.1007/s10796-020-10096-3 PMID: 33424421

	16.	 CERN. A short history of the Web. https://home.cern/science/computing/birth-web/short-history-web. 2023. Accessed 2023 December 29.

	17.	 Reid AJ. A Brief History of the Smartphone. The Smartphone Paradox: Our Ruinous Dependency in the Device Age. Cham: Springer International 
Publishing. 2018. p. 35–66.

	18.	 Yao L, Yang Y, Wang Z, Pan X, Xu L. Compliance with ecological momentary assessment programmes in the elderly: a systematic review and 
meta-analysis. BMJ Open. 2023;13(7):e069523. https://doi.org/10.1136/bmjopen-2022-069523 PMID: 37438069

	19.	 Adams LB, Watts T, DeVinney A, Haroz EE, Thrul J, Stephens JB, et al. Acceptability and Feasibility of a Smartphone-Based Real-Time Assess-
ment of Suicide Among Black Men: Mixed Methods Pilot Study. JMIR Form Res. 2024;8:e48992. https://doi.org/10.2196/48992 PMID: 38252475

	20.	 Kivelä L, van der Does WAJ, Riese H, Antypa N. Don’t miss the moment: A systematic review of ecological momentary assessment in suicide 
research. Frontiers in Digital Health. 2022;4. https://www.frontiersin.org/journals/digital-health/articles/10.3389/fdgth.2022.876595/full

	21.	 Porras-Segovia A, Díaz-Oliván I, Barrigón ML, Moreno M, Artés-Rodríguez A, Pérez-Rodríguez MM, et al. Real-world feasibility and acceptability 
of real-time suicide risk monitoring via smartphones: A 6-month follow-up cohort. J Psychiatr Res. 2022;149:145–54. https://doi.org/10.1016/j.
jpsychires.2022.02.026 PMID: 35276631

	22.	 Lavingia R, Jones K, Asghar-Ali AA. A Systematic Review of Barriers Faced by Older Adults in Seeking and Accessing Mental Health Care. J Psy-
chiatr Pract. 2020;26(5):367–82. https://doi.org/10.1097/PRA.0000000000000491 PMID: 32936584

	23.	 Berrouiguet S, Barrigón ML, Castroman JL, Courtet P, Artés-Rodríguez A, Baca-García E. Combining mobile-health (mHealth) and artificial intel-
ligence (AI) methods to avoid suicide attempts: the Smartcrises study protocol. BMC Psychiatry. 2019;19(1):277. https://doi.org/10.1186/s12888-
019-2260-y PMID: 31493783

	24.	 Barrigon ML, Porras-Segovia A, Courtet P, Lopez-Castroman J, Berrouiguet S, Pérez-Rodríguez M-M, et al. Smartphone-based Ecological 
Momentary Intervention for secondary prevention of suicidal thoughts and behaviour: protocol for the SmartCrisis V.2.0 randomised clinical trial. 
BMJ Open. 2022;12(9):e051807. https://doi.org/10.1136/bmjopen-2021-051807 PMID: 36127081

	25.	 Posner K, Brown GK, Stanley B, Brent DA, Yershova KV, Oquendo MA, et al. The Columbia-Suicide Severity Rating Scale: initial validity and inter-
nal consistency findings from three multisite studies with adolescents and adults. Am J Psychiatry. 2011;168(12):1266–77. https://doi.org/10.1176/
appi.ajp.2011.10111704 PMID: 22193671

	26.	 Organization WH. The ICD-10 classification of mental and behavioural disorders: clinical descriptions and diagnostic guidelines. Geneva: World 
Health Organization. 1992. http://www.who.int/iris/handle/10665/37958

	27.	 Sheehan DV, Lecrubier Y, Sheehan KH, Amorim P, Janavs J, Weiller E, et al. The Mini-International Neuropsychiatric Interview (M.I.N.I.): the devel-
opment and validation of a structured diagnostic psychiatric interview for DSM-IV and ICD-10. J Clin Psychiatry. 1998;59(Suppl 20):22–33.

	28.	 Corruble E, Legrand JM, Duret C, Charles G, Guelfi JD. IDS-C and IDS-sr: psychometric properties in depressed in-patients. J Affect Disord. 
1999;56(2–3):95–101. https://doi.org/10.1016/s0165-0327(99)00055-5 PMID: 10701466

	29.	 Stanford MS, Mathias CW, Dougherty DM, Lake SL, Anderson NE, Patton JH. Fifty years of the Barratt Impulsiveness Scale: An update and 
review. Personality and Individual Differences. 2009;47(5):385–95. https://doi.org/10.1016/j.paid.2009.04.008

https://www.cdc.gov/suicide/suicide-data-statistics.html
https://doi.org/10.1016/j.jagp.2019.12.003
http://www.ncbi.nlm.nih.gov/pubmed/31917069
http://www.ncbi.nlm.nih.gov/pubmed/32905603
https://doi.org/10.1097/HRP.0000000000000222
http://www.ncbi.nlm.nih.gov/pubmed/31274577
https://doi.org/10.2147/CIA.S130670
https://doi.org/10.2147/CIA.S130670
http://www.ncbi.nlm.nih.gov/pubmed/29719381
https://doi.org/10.1016/j.jagp.2019.01.017
http://www.ncbi.nlm.nih.gov/pubmed/30799168
https://doi.org/10.2196/43719
http://www.ncbi.nlm.nih.gov/pubmed/37656498
https://doi.org/10.1016/j.jad.2020.05.067
http://www.ncbi.nlm.nih.gov/pubmed/32664009
https://doi.org/10.1038/tp.2017.25
http://www.ncbi.nlm.nih.gov/pubmed/28267146
https://doi.org/10.1007/s11920-021-01255-7
http://www.ncbi.nlm.nih.gov/pubmed/34003405
https://doi.org/10.1007/s10796-020-10096-3
http://www.ncbi.nlm.nih.gov/pubmed/33424421
https://home.cern/science/computing/birth-web/short-history-web
https://doi.org/10.1136/bmjopen-2022-069523
http://www.ncbi.nlm.nih.gov/pubmed/37438069
https://doi.org/10.2196/48992
http://www.ncbi.nlm.nih.gov/pubmed/38252475
https://www.frontiersin.org/journals/digital-health/articles/10.3389/fdgth.2022.876595/full
https://doi.org/10.1016/j.jpsychires.2022.02.026
https://doi.org/10.1016/j.jpsychires.2022.02.026
http://www.ncbi.nlm.nih.gov/pubmed/35276631
https://doi.org/10.1097/PRA.0000000000000491
http://www.ncbi.nlm.nih.gov/pubmed/32936584
https://doi.org/10.1186/s12888-019-2260-y
https://doi.org/10.1186/s12888-019-2260-y
http://www.ncbi.nlm.nih.gov/pubmed/31493783
https://doi.org/10.1136/bmjopen-2021-051807
http://www.ncbi.nlm.nih.gov/pubmed/36127081
https://doi.org/10.1176/appi.ajp.2011.10111704
https://doi.org/10.1176/appi.ajp.2011.10111704
http://www.ncbi.nlm.nih.gov/pubmed/22193671
http://www.who.int/iris/handle/10665/37958
https://doi.org/10.1016/s0165-0327(99)00055-5
http://www.ncbi.nlm.nih.gov/pubmed/10701466
https://doi.org/10.1016/j.paid.2009.04.008


PLOS One | https://doi.org/10.1371/journal.pone.0346772  April 16, 2026 14 / 14

	30.	 Duncan DT, Park SH, Goedel WC, Sheehan DM, Regan SD, Chaix B. Acceptability of smartphone applications for global positioning system (GPS) 
and ecological momentary assessment (EMA) research among sexual minority men. PLoS One. 2019;14(1):e0210240. https://doi.org/10.1371/
journal.pone.0210240 PMID: 30689651

	31.	 Irigoyen M, Porras-Segovia A, Galván L, Puigdevall M, Giner L, De Leon S, et al. Predictors of re-attempt in a cohort of suicide attempters: A sur-
vival analysis. J Affect Disord. 2019;247:20–8. https://doi.org/10.1016/j.jad.2018.12.050 PMID: 30640026

	32.	 Olfson M, Wall M, Wang S, Crystal S, Liu S-M, Gerhard T, et al. Short-term Suicide Risk After Psychiatric Hospital Discharge. JAMA Psychiatry. 
2016;73(11):1119–26. https://doi.org/10.1001/jamapsychiatry.2016.2035 PMID: 27654151

	33.	 Conejero I, Villalba MÁ, Matos V, Jiménez O, García R, Albarracín-García L, et al. Feasibility of digital monitoring in patients receiving ambulatory 
psychiatric care. J Psychiatr Res. 2025;189:184–92. https://doi.org/10.1016/j.jpsychires.2025.05.072 PMID: 40516300

	34.	 Ageing [Internet]. [cité 29 déc 2023]. Disponible sur: https://www.who.int/health-topics/ageing

	35.	 APA Dictionary of Psychology. https://dictionary.apa.org/. Accessed 2023 December 29.

	36.	 Burke L, Naylor G. Smartphone App-Based Noncontact Ecological Momentary Assessment With Experienced and Naïve Older Participants: Feasi-
bility Study. JMIR Form Res. 2022;6(3):e27677. https://doi.org/10.2196/27677 PMID: 35258471

	37.	 Glenn CR, Kleiman EM, Kearns JC, Santee AC, Esposito EC, Conwell Y, et al. Feasibility and Acceptability of Ecological Momentary Assessment 
with High-Risk Suicidal Adolescents Following Acute Psychiatric Care. J Clin Child Adolesc Psychol. 2022;51(1):32–48. https://doi.org/10.1080/153
74416.2020.1741377 PMID: 32239986

	38.	 Saeed SA, Masters RM. Disparities in Health Care and the Digital Divide. Curr Psychiatry Rep. 2021;23(9):61. https://doi.org/10.1007/s11920-021-
01274-4 PMID: 34297202

	39.	 Conejero I, Lopez-Castroman J, Giner L, Baca-Garcia E. Sociodemographic Antecedent Validators of Suicidal Behavior: A Review of Recent Litera-
ture. Curr Psychiatry Rep. 2016;18(10):94. https://doi.org/10.1007/s11920-016-0732-z PMID: 27595860

	40.	 Amiri S. Unemployment and suicide mortality, suicide attempts, and suicide ideation: A meta-analysis. Int J Mental Health. 2021;51(4):294–318. 
https://doi.org/10.1080/00207411.2020.1859347

	41.	 Milner A, Page A, LaMontagne AD. Cause and effect in studies on unemployment, mental health and suicide: a meta-analytic and conceptual 
review. Psychol Med. 2014;44(5):909–17. https://doi.org/10.1017/S0033291713001621 PMID: 23834819

	42.	 Conejero I, Olié E, Calati R, Ducasse D, Courtet P. Psychological pain, depression, and suicide: recent evidences and future directions. Curr Psy-
chiatry Rep. 2018;20(5):33.

	43.	 Pompili M, Vichi M, Qin P, Innamorati M, De Leo D, Girardi P. Does the level of education influence completed suicide? A nationwide register study. 
J Affect Disord. 2013;147(1–3):437–40. https://doi.org/10.1016/j.jad.2012.08.046 PMID: 23021379

	44.	 Phillips JA, Nugent CN. Suicide and the Great Recession of 2007-2009: the role of economic factors in the 50 U.S. states. Soc Sci Med. 
2014;116:22–31. https://doi.org/10.1016/j.socscimed.2014.06.015 PMID: 24973571

	45.	 Choudrie J, Pheeraphuttranghkoon S, Davari S. The digital divide and older adult population adoption, use and diffusion of mobile phones: a quan-
titative study. Inf Syst Front. 2020;22(3):673–95.

	46.	 Leijse MML, van Dam L, Jambroes T, Timmerman A, Popma A. Using active and passive smartphone data to enhance adolescents’ emotional 
awareness in forensic outpatient setting: a qualitative feasibility and usability study. JMIR Form Res. 2024;8:e53613. https://doi.org/10.2196/53613 
PMID: 39753211

	47.	 Ross S, Wood MA, Johns D, Murphy J, Baird R, Alford B. Understanding Engagement With Forensic Smartphone Apps: The Service Design 
Engagement Model. Int J Offender Ther Comp Criminol. 2024;68(10–11):1106–23. https://doi.org/10.1177/0306624X221106323 PMID: 35730559

https://doi.org/10.1371/journal.pone.0210240
https://doi.org/10.1371/journal.pone.0210240
http://www.ncbi.nlm.nih.gov/pubmed/30689651
https://doi.org/10.1016/j.jad.2018.12.050
http://www.ncbi.nlm.nih.gov/pubmed/30640026
https://doi.org/10.1001/jamapsychiatry.2016.2035
http://www.ncbi.nlm.nih.gov/pubmed/27654151
https://doi.org/10.1016/j.jpsychires.2025.05.072
http://www.ncbi.nlm.nih.gov/pubmed/40516300
https://www.who.int/health-topics/ageing
https://dictionary.apa.org/
https://doi.org/10.2196/27677
http://www.ncbi.nlm.nih.gov/pubmed/35258471
https://doi.org/10.1080/15374416.2020.1741377
https://doi.org/10.1080/15374416.2020.1741377
http://www.ncbi.nlm.nih.gov/pubmed/32239986
https://doi.org/10.1007/s11920-021-01274-4
https://doi.org/10.1007/s11920-021-01274-4
http://www.ncbi.nlm.nih.gov/pubmed/34297202
https://doi.org/10.1007/s11920-016-0732-z
http://www.ncbi.nlm.nih.gov/pubmed/27595860
https://doi.org/10.1080/00207411.2020.1859347
https://doi.org/10.1017/S0033291713001621
http://www.ncbi.nlm.nih.gov/pubmed/23834819
https://doi.org/10.1016/j.jad.2012.08.046
http://www.ncbi.nlm.nih.gov/pubmed/23021379
https://doi.org/10.1016/j.socscimed.2014.06.015
http://www.ncbi.nlm.nih.gov/pubmed/24973571
https://doi.org/10.2196/53613
http://www.ncbi.nlm.nih.gov/pubmed/39753211
https://doi.org/10.1177/0306624X221106323
http://www.ncbi.nlm.nih.gov/pubmed/35730559

