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Abstract

Background Self-harm in young people is a public health concern connected with severe mental health problems,
such as personality pathology. Currently, there are no specific evidence-based interventions available for young
people who self-harm. Therefore, we developed PRe-Intervention Monitoring of Affect and Relationships in Youth
(PRIMARY), a smartphone-based intervention, co-designed by clinicians and young people with lived experience of
mental ill-health. PRIMARY combines the Experience Sampling Method (ESM) with weekly report sessions. The study
aims to examine the effectiveness of PRIMARY with regard to reducing self-harm, and improving emotion regulation
and quality of relationships.

Methods This study is a multicenter, parallel groups, randomized controlled trial (RCT) comparing the PRIMARY
intervention to a waiting list control group. PRIMARY comprises 28 consecutive days of questionnaires five times each
day (i.e, ESM) and four weekly report sessions. Participants will comprise 180 young people referred for treatment

to the participating Dutch mental healthcare institutions and (1) are aged 12 to 25 years, and (2) engaged in > 1 act
of self-harm in the past year. Participants are randomly allocated to a study group after screening in a 1:1 ratio by an
independent researcher using computer-generated randomization sequences with stratified block randomization
by age (12 to 15 years / 16 to 25 years). Staff will conduct assessments with all participants at baseline (Wave 1), after
28 days (Wave 2), and in a subsample after 10 weeks of subsequent specialized treatment (Wave 3). The primary
outcomes are self-harm, emotion regulation, and quality of relationships. Secondary outcomes include patient

and clinician satisfaction. Exploratory analyses of ESM data will examine the relationship between emotions, social
relationships, and self-harm.

Discussion The results of this trial will clarify whether an innovative smartphone-based intervention is effective for
reducing self harm and improving emotion regulation and the quality of social relationships. It has the potential to
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fill a treatment gap of interventions specifically targeting self-harm. If proven effective, it would provide an accessible,
easy-to-implement, low-cost intervention for young people. Furthermore, the ESM-data will allow detailed analyses
into the processes underlying self-harm, which will contribute to theoretical knowledge regarding the behavior.

Trial registration ISRCTN42088538 (https://doi.org/10.1186/ISRCTN42088538), retrospectively registered on the 26th

of October 2022.
Keywords Self-harm, Young people, Randomized controlled trial, Smartphone-based intervention, ESM, Personality
disorder

Background Even though evidence-based treatments specifically

Self-harm is common in young people and represents a
major public health challenge [1-3]. Self-harm is defined
as all intentional acts of self-injury or self-poisoning, irre-
spective of the type of motive [4]. Self-harming behavior
is associated with problems in emotion regulation [5],
enduring psychosocial problems [6], and shows a clear
connection to severe mental health problems, such as
depression, anxiety, substance use, personality pathology
and suicidality [7-9]. Hence, early detection and inter-
vention for self-harm are crucial. However, treatment
for self-harm is often only available within specialist,
psychotherapeutic programs, such as Dialectic Behav-
ioral Therapy (DBT) and Mentalization Based Treatment
(MBT), which target a range of difficulties [10, 11]. These
programs entail complex and lengthy interventions,
requiring extensive staff training and financial resources
[12]. Hence, there is a need for simpler and ‘scalable’ evi-
dence-based interventions that are specifically designed
for self-harm. Such interventions might be more easily
implemented across the healthcare system [13], making
them available to more young people [12], and are likely
to be more cost-effective [14].

Self-harm

Beyond the immediate adverse effects of self-harm, like
tissue damage [15], self-harm is a marker for an increased
risk of developing various mental health problems [16,
17]. Given that the chance of repetition of self-harm
within 12 months after the first incident increases with
every prior act, with up to 70% in the case of four previ-
ous acts [18], it is important to intervene as early as pos-
sible to prevent persistent and profound problems. severe
pathology. Recurrent self-harm is associated with severe
psychopathology, such as borderline personality dis-
order (BPD) [19]. Studies have shown that over 40% of
young people who self-harm during adolescence and
have received mental healthcare, go on to receive a diag-
nosis of BPD in adulthood [20]. Therefore, interventions
aimed at diminishing self-harm might also function as
early intervention for those at risk of developing severe
psychopathology, by targeting underlying problems of
emotion regulation and interpersonal functioning [21].

aimed at preventing the recurrence of self-harm in young
people engaging in the behavior are not yet available [22],
positive effects of broader treatment programs provide
important insights into the mechanisms underlying the
reduction of self-harm. First, actions aimed at long-term
improvement of psychosocial functioning have been
found to be beneficial (e.g., re-orienting to a more posi-
tive future, reassessing one’s place in the social world;
[23]. Second, actions aimed at breaking the association
between an individual’s psychological or social state and
the act of self-harm, i.e. ‘breaking the chain; are impor-
tant for short term change [23]. This includes strategies
to manage immediate thoughts and feelings when the
urge to self-harm arises, including improving emotion
regulation, family support, and self-esteem [24]. Preced-
ing the employment of such strategies, and essential to
change harmful behavior, is gaining insight or awareness
of problem areas and triggers [25, 26]. As the median
time between the first thought of self-harm and the actual
act has been found to be 35 h in some groups [27], there
seems to be a ‘window of opportunity’ for the young per-
son to recognize the separate steps of the ‘chain’ leading
up to the act of self-harm. Subsequently, suggestions for
more helpful coping techniques might guide the individ-
ual towards alternative strategies. Given that self-harm
often fulfills the function of regulating emotions and
interpersonal contexts [21], enhancing a young person’s
insight into these areas seems especially important.

Smartphone-based intervention

Help-seeking among young people is impeded by stigma,
embarrassment, trouble recognizing symptoms, and a
preference for self-reliance [28]. When young people do
seek treatment, they are often faced with long waiting
times within the mental healthcare system, which can
demotivate them [29, 30]. This is especially problematic
in the context of self-harm, given the direct and long-
term adverse effects of the behavior. A smartphone-based
intervention for young people who self-harm might con-
tribute to overcoming the constraints of the current sys-
tem, such as limited availability of clinicians [31]. Such an
intervention would be self-directed and readily accessible
for young people in their day-to-day lives.
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The Experience Sampling Method (ESM) is a smart-
phone-based approach that asks people to fill out ques-
tions via their smartphone on multiple occasions during
the day, for example regarding their feelings and behav-
iors [32]. ESM has been used to study the mechanisms
underlying self-harm, which has led to the insight that
heightened negative affect typically precedes the behav-
ior [27, 33]. The ESM-methodology has thus far pri-
marily been employed as a research tool for assessing
self-harm. However, the act of systematically monitoring
and registering feelings and behaviors might also be an
intervention in and of itself, as it promotes reflection and
facilitates the discovery of patterns of feelings and behav-
ior [34]. The application of ESM as an intervention has
already been recognized in the field of depressive disor-
ders, where ESM is now studied as an add-on interven-
tion to outpatient treatment programs [35, 36]. More
recently, the use of ESM as a stand-alone smartphone-
intervention has been demonstrated to be associated
with positive mental health outcomes in young people in
the community [37].

ESM has been posited as a promising framework for
an intervention targeting self-harm [38]. Preliminary
evidence suggests a possible decline in the frequency of
the behavior when using smartphone-based interven-
tions [39]. However, there is large variation in the type of
smartphone-based interventions available and random-
ized controlled trials (RCTs) are needed to rigorously
examine their effectiveness. Furthermore, co-designing
an ESM-intervention in partnership with people with
lived experience of mental ill-health enhances the fit of
the intervention to the target group [40].

We have developed PRe-Intervention Monitoring of
Affect and Relationships in Youth (PRIMARY), which is
a smartphone-based intervention for young people who
self-harm. PRIMARY combines ESM with brief, weekly,
one-on-one structured report sessions where the young
persons’ ESM-responses are discussed. This paper pres-
ents the study protocol for a multicenter, randomized
controlled trial (RCT), evaluating the effectiveness of
the PRIMARY intervention compared with a waiting list
control. If PRIMARY is found to be effective in enhanc-
ing emotion regulation and reducing self-harm, it would
offer an accessible, easy-to-implement intervention for
young people throughout the mental healthcare system.

Objectives

The first objective of this RCT is to determine whether
PRIMARY, compared to a waiting list control, is effective
in improving the following outcomes: self-harm, emotion
regulation, and quality of relationships. To this end scores
at baseline (Wave 1) and at the end of the intervention
phase (Wave 2) will be compared. The second objective
is to examine the effectiveness of PRIMARY combined
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with subsequent specialized treatment in the early inter-
vention program Helping Young People Early (HYPE)
[41] in improving the outcomes for young people with
borderline personality pathology. Scores on the speci-
fied outcome variables after 10 weeks of HYPE treatment
(Wave 3) will be compared to scores at baseline (Wave 1)
and at the end of the intervention phase (Wave 2) for par-
ticipants who attended HYPE. The third objective is to
investigate the associations between emotions, relational
support and conflict, adaptive coping strategies, and
self-harm using individual-level ESM data. The fourth
objective is to examine the participants’ and clinicians’
satisfaction regarding the use of PRIMARY. This will be
examined at the end of the intervention phase (Wave 2).

Methods

Design

To facilitate transparency, the current protocol paper was
written in accordance with the SPIRIT guidelines [42].
The SPIRIT Checklist is provided in the Supplemental
Material.

This study is a multicenter, parallel groups, randomized
controlled trial of the PRIMARY intervention compared
with a waiting list control in outpatients aged 12 to 25
years (inclusive). The study also includes a nested evalu-
ation of the effect of PRIMARY on the effectiveness of
subsequent specialized treatment (HYPE) [41].

The design of the PRIMARY study was co-created by
clinicians, young people with lived experience of men-
tal ill-health, and researchers to ensure it is acceptable
to all. For example, young people with lived experience
provided feedback on how to adapt the ESM lay-out and
script for the weekly report sessions to appeal to their age
group. To guarantee the intervention is easy-to-imple-
ment, it is constructed to be delivered by research assis-
tants (RA’s) rather than clinicians. RA’s hold a bachelor’s
diploma in psychology or a related field and completed
a suicide prevention e-learning module. Adherence to
the prescribed PRIMARY intervention is promoted via
detailed study procedures and scripts, as well as routine
joint appointments with the RA, participant and AA or
TvdB. All individual participant data (i.e., questionnaires
and weekly, graphical reports) are made available within
the electronic patient record of the participant. This is
a direct benefit of participation in the study for the par-
ticipant, as this information can be integrated into their
diagnostic or treatment process by their clinician.

Sample and setting

Young people aged 12 to 25 years (inclusive), with vary-
ing psychological problems, will be recruited after refer-
ral to one of the two participating mental healthcare
institutions in the Netherlands: GGz Centraal and Mon-
driaan. These young people are awaiting further care at
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the institutions. Study inclusion criteria are: (1) engage-
ment in at least one act of self-harm in the past year,
and (2) sufficient understanding and skills in the Dutch
language. In order to reflect ‘real world’ clinical practice,
there are no exclusion criteria regarding participation in
the study; participants can receive other interventions if
judged necessary by the clinician in charge, also during
participation in the study.

Recruitment procedure

Figure 1 depicts a flow diagram of the study design. A fea-
sibility study was conducted to ensure an optimal design
and recruitment procedure. Adjustments were made
based on interviews with the participants. A description
of the feasibility study can be found in the Supplemen-
tal Material. In this paper, the finalized procedures are
described.

Young people receive an information letter about the
PRIMARY study from the clinician or RA during their
first formal contact at the mental healthcare institu-
tion (e.g., screening or intake session). After a two-day
consideration period, an RA contacts the young person
to further discuss participation and answer any ques-
tions. If the young person chooses to participate, written
informed consent is obtained (also from parents or legal
guardians for those aged <16 years). A copy of the con-
sent form is included in the Supplemental Material. Next,
the young person fills out a brief screening questionnaire
to confirm eligibility for the trial. If inclusion criteria
are met, the baseline assessment (Wave 1) is scheduled
with the RA, after which the young person is randomly
assigned to a study group. At the end of the baseline
assessment, the participant, independent of study group,
can choose between two selected charities for the study
to donate €5,00 to for their participation.

Randomization and group allocation

Once eligibility is confirmed during screening, par-
ticipants are randomly assigned to the intervention or
the comparison group in a 1:1 ratio by an independent
researcher using computer-generated randomization
sequences with stratified block randomization by age
(12 to 15 years / 16 to 25 years). Staff will not be blind to
group allocation. Participants are blind to their allocated
group during Wave 1 assessment. The nature of the inter-
vention precludes concealment from participants and
staff. Recruitment and retention in the trial will be maxi-
mized via study-specific training of RA’s and weekly staff-
meetings to discuss the progress of the trial. In addition,
retention was considered in great detail when designing
the study by integrating input from young people with
lived experience with mental-ill health, conducting a fea-
sibility study and integrating recommended adjustments
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to increase compliance, and implementing insights from
earlier ESM-studies.

Study groups

Intervention group

After baseline assessment (Wave 1), the intervention
group starts with the PRIMARY intervention. PRIMARY
is an intervention consisting of two elements: ESM and
weekly, one-on-one structured report sessions based
on the individual's ESM-answers. Participants fill out
the ESM-questionnaire via their smartphone five times
a day for 28 consecutive days (i.e., 4 weeks). Each ESM-
questionnaire appears at random times within blocks
of 2.5 h periods. Participants can choose a starting time
for the first block between 06:00 AM and 12:00 PM. To
encourage compliance with the ESM-questionnaire pro-
tocol, motivating text messages are sent once a week. In
case compliance drops below 70% during the previous
three days, participants receive an extra text message to
stimulate respondence (maximum of once a week). If a
participant allocated to the intervention group does not
have a smartphone or internet on their smartphone, they
can borrow a smartphone from the research staff. The
internet on this smartphone is limited to accessing the
ESM-questionnaire and therefore does not change the
participant’s situation regarding social interactions.

The weekly report session encompasses a 15-minute
video call (or appointment at the institution on request
of the participant) with the RA over the course of the
ESM-procedure (i.e., four times). During these sessions,
the answers provided on the ESM-questionnaire over
the past week are discussed in a structured, scripted way
using a graphical report in which the outcomes are sum-
marized. These sessions aim to enhance the participant’s
insight into the connection between their emotions,
activities and social context.

Comparison group

After baseline assessment (Wave 1), participants in the
comparison group receive care-as-usual, which entails a
waiting list for further care.

HYPE

After finishing the assessment at the end of the study
intervention phase (i.e. Wave 2), it is anticipated that
participants in an early stage of BPD (i.e., > three BPD
criteria) will receive specialized treatment called HYPE
(Helping Young People Early) [41]. Allocation to HYPE
is determined by clinicians independent from the study.
HYPE is a time-limited integrative treatment program
based on the principles of Cognitive Analytic Therapy
(CAT). The time-limit comprises 16 individual, weekly
psychotherapy sessions, supplemented with psychiatric,
psychosocial and family sessions if indicated. There is a
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Fig. 1 Flow diagram of the study design
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follow-up period of six months, wherein the young per-
son can schedule up to four sessions.

Measures

All study measures and their timing during the study
are depicted in Table 1. All participants, independent of
study group, fill out questionnaires at baseline (Wave 1)
prior to commencing the study intervention, and at the
end of the intervention phase (i.e., four weeks later; Wave
2). Participants who subsequently enroll in HYPE also
fill out the questionnaires 10 weeks after starting their
treatment (Wave 3). All assessments other than the ESM-
questionnaire are administered to both the intervention
and comparison group at the mental healthcare institu-
tion or through a video call with an RA, depending on

the preferences of the participant.

Table 1 Schedule of outcome measures
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ESM-questionnaire

An ESM-questionnaire with 22—-25 questions was devel-
oped for the purpose of the PRIMARY study. Recommen-
dations to enhance the feasibility of an ESM-intervention
in young people were taken into account in this process,
like tailoring the first assessment to correspond to the
young person’s sleep schedule [43]. The questionnaire is
included in the Supplemental Material.

The daily ESM-questionnaire covers activities, rela-
tional support and conflict, emotions, substance use and,
at the end of the day, functioning. The questions regard-
ing emotions were informed by similar research [44] and
the Positive And Negative Affect Scale (PANAS) [45].
One question regarding applied adaptive emotion regu-
lation strategies is included, informed by Safety Planning
Intervention [46]. Additionally, a question on self-harm-
ing thoughts and behaviors since the last notification is
included. Answers are provided via a multiple choice

Construct Measure Screening Wave 1 Intervention Wave 2 Wave 3
Phase
ESM-questionnaire* Developed for study X
Main study parameters
Self-harming thoughts and behaviors Developed for study X
Emotion regulation DERS-18 X X X
Quality of relationships NRI-BSV X X X
Secondary parameters
Evaluation of PRIMARY* UMUX X
Modified CSQ-8
Questions developed for
the study
Other parameters
Demographics Developed for study X
Concomitant treatment Developed for study X X X
BPD symptoms SCID-II BPD PQ X
BPD behavior BSL-23 X X X
Achievement of developmental milestones DML X X X
Life experiences Modified LES X X
Psychopathology SPSY X X X
Alternative Model for Personality Disorders LPFS-BF X X X
PID-5-BF
Impulsivity S-UPPS X
Internalizing problems DASS X X X
Loneliness De Jong Gierveld X X X
questionnaire
Motivation for change MYTS X X X
Quality of life ReQoL X X X
Impact of COVID-19 Developed for study X X X

*Only filled out by participants in the intervention group

ESM=Experience Sampling Method, DERS-18=Difficulties in Emotion Regulation Scale, NRI-BSV=Network of Relationships Inventory — Behavior Systems
Version, UMUX=Usability Metric for User Experience, CSQ=Client Satisfaction Questionnaire, SCID-Il BPD PQ=BPD section of the Structured Clinical Interview
for DSM-IV Axis Il disorders Personality Questionnaire, BSL-23=Borderline Symptom List, DML=Developmental Milestones List, LES=Life Experiences Survey;
SPSY=Screeningsinstrument Psychische Stoornissen, LPFS-BF =Levels of Personality Functioning Scale 2.0 Brief Form, PID-5-BF =Personality Inventory for DSM-5
Brief Form, S-UPPS=UPPS-P impulsive behavior scale short version, DASS=Depression Anxiety Stress Scales, MYTS=Motivation for Youth Treatment Scale,

ReQol =Recovering Quality of Life
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format or on a Likert-scale ranging from 1 (not at all) to
7 (very much).

Main study parameters

Self-Harming Thoughts and Behaviors. Five questions
were formulated to assess frequency and severity of self-
harm, these are included in the Supplemental Material.

Emotion Regulation. The 18-item Difficulties in Emo-
tion Regulation Scale (DERS-18) [47] is included. The
DERS-18 comprises six subscales: ‘lack of emotional
awareness, ‘lack of emotional clarity;, ‘difficulty engag-
ing in goal-directed behavior, ‘impulse control diffi-
culties; ‘nonacceptance of emotional responses, and
‘limited access to emotion regulation strategies’ Items
are answered on a 5-point Likert scale. The scale has
adequate construct and predictive validity, and good test-
retest reliability [47].

Quality of Relationships. Participants fill out the
11-item version of the Network of Relationships Inven-
tory — Behavior Systems Version (NRI-BSV) [48] regard-
ing one parent and a best friend. The NRI-BSV comprises
two subscales: ‘support’ and ‘negative interactions. Items
are answered on a 5-point Likert scale. The questionnaire
was validated and the factor structure was confirmed
[48].

Secondary parameters

Evaluation of PRIMARY. Participants in the intervention
group rate usability of the ESM-element of PRIMARY on
the 3-item Usability Metric for User Experience (UMUX)
[49] on a 7-point Likert scale. This questionnaire cor-
relates well with the original, longer version, is reliable,
and the items load on one underlying factor [49]. Overall
satisfaction with PRIMARY is indicated via a modified
4-item version of the Client Satisfaction Questionnaire-8
(CSQ-8) [50].

Included in the Supplemental Material are the modified
version of the CSQ-8, two additional items regarding the
duration and frequency of the ESM-questionnaire, and
10 questions assessing the clinician’s impression of the
young person after the study.

Other parameters

Information regarding demographic characteristics and
concomitant treatment is collected. BPD related pathol-
ogy is measured via the BPD section of the Structured
Clinical Interview for DSM-IV Axis II disorders Per-
sonality Questionnaire (SCID-II BPD PQ) [51], and the
behavior scale of the Borderline Symptom List (BSL-23)
[52]. Achievement of developmental milestones is mea-
sured via the Developmental Milestones List (DML)
[53], which comprises 13 items regarding developmen-
tal tasks that young people face when growing up, mak-
ing up three subscales: personal, social and academic
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functioning. Items are answered on a 7-point Likert
scale. Life experiences are assessed with a shortened ver-
sion of the Life Experiences Survey (LES) [54]. Psycho-
pathology is measured with a Dutch questionnaire called
Screeningsinstrument Psychische Stoornissen (SPSY)
[55], which is based on the Strengths and Difficulties
Questionnaire (SDQ) [56]. The brief form of the Lev-
els of Personality Functioning Scale 2.0 (LPFS-BF) [57]
and Personality Inventory for DSM-5 (PID-5-BF) [58,
59] are included as measures of the Alternative Model
of Personality Disorders [60]. Impulsivity is measured
with the short version of the UPPS-P impulsive behavior
scale [61]. Internalizing problems are measured with the
Depression Anxiety Stress Scales (DASS) [62]. Loneli-
ness is assessed with the short version of the Dutch De
Jong Gierveld questionnaire [63]. Motivation for change
is measured by the Motivation for Youth Treatment Scale
(MYTS) [64]. The 11-item version of the Recovering
Quality of Life (ReQoL) [65] concerns functioning over
the past week, and is answered on a 4-point Likert-scale.
During the COVID-19 pandemic (i.e., until March 10,
2023), impact of COVID-19 on daily life was measured
via six semi-structured interview questions developed for
the study.

Data management

Participants fill out the questionnaires through an online
portal called ‘RoQua’ At GGz Centraal, RoQua is also
used for Routine Outcome Monitoring and it is linked
to the electronic patient records. Hence, the answers on
the questionnaires of this study are available to clinicians
through these records. The data is stored in a secure
online environment. RoQua sends personalized links
via text messages in which the ESM-questionnaires are
embedded. RoQua is formally recognized as an instru-
ment to carry out research in the Netherlands and oper-
ates in accordance with the European General Data
Protection Regulation [66].

Data will be pseudonymized and stored on a secured
network, accessible only by members of the research
staff. Staff are all subject to medical confidentiality via
their employment at the mental healthcare facility. Per-
sonally identifiable material, such as study consent forms,
will be stored separately from research data files. Data
will be stored for 20 years after completion of the trial.
Data integrity will be supported by fully computerized
procedures, i.e., participants answering all questionnaires
via a computer or their smartphone (within the RoQua
environment). Hence, the chance of data being recorded
incorrectly is improbable.

Safety considerations
As the PRIMARY study includes young people who self-
harm, the participant group can be considered a higher
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risk population, given the inherent risk of severe bodily
damage and the predictive connection of self-harm to
suicide attempts [15]. Hence, careful consideration was
given to the safety procedures and to imbedding this
study within a safe care system. Previous ESM-studies
have shown that frequently asking an individual about
their symptoms, even suicidal ideation or negative emo-
tions, does not increase the frequency of these symp-
toms [27, 43, 67, 68]. Furthermore, ESM was considered
a promising method in the development of effective
interventions for young people who self-harm [38] as it
provides young people with the opportunity to monitor
and intervene before self-harm occurs [69]. If acute sui-
cidality is identified during a weekly report session or a
research assessment, a structured suicide-risk-protocol
will be activated. This protocol was developed in line
with the Dutch guidelines regarding suicide prevention
[70], and involves the RA sharing the information with
a clinician at the healthcare institution who will put the
necessary interventions in place.

Serious adverse events, such as events that require
hospitalization, will be monitored and reported to the
Medical Ethical Board Utrecht within 15 days after the
sponsor’s first awareness of the event. Serious adverse
events that result in death or are life threatening will be
reported within seven days of first knowledge. Since seri-
ous adverse events are monitored by the Medical Ethi-
cal Board, and given the safe care system in which the
study is embedded, a Data Monitoring Committee is not
required.

Data analysis plan and power calculations

Analyses that cover effectiveness of PRIMARY will be
performed according to a modified version of the inten-
tion-to-treat principle [71], which entails including all
participants with at least one data point post-baseline
regardless of their compliance during the study. This way,
random selection in the sample will be guaranteed which
ensures the most accurate conclusions following the
analyses. In the following section, analyses will be out-
lined for each study objective (i.e., research question) as
well as the required sample size to answer the research
questions based on relevant power analyses and recent
literature'. Multiple imputation will be considered if the
amount of missing values is non-trivial. The random-
ization stratification variable of age and gender will be
examined as covariates in the analyses described below.
Other covariates, such as concomitant treatment, will
also be considered.

! New developments concerning the outlined statistical analyses and
accompanying power analyses led to the adjustment of the necessary sample
size in comparison to the ISTRCN registration, where a total of 180 partici-
pants was mentioned.
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To examine the effectiveness of PRIMARY, an
ANCOVA-test will be used to compare data from Wave 1
and 2 by study group (study objective 1). Specifically, the
following variables will be examined: emotion regulation,
quality of relationships, and self-harm. To reach a power
of 0.80, the power analyses run in G*Power 3.1 [72]? and
R [73], with an additional correction for the pre-test as
a covariate, indicated a sample size of n=48 per group
to be necessary to detect a medium effect size (a=0.05).
Taking into account a drop-out of 10% (based on the fea-
sibility study), a total sample size of N=106 is necessary
to answer this research question.

Regarding the effect of PRIMARY on the effective-
ness of subsequent specialized treatment (i.e., HYPE), an
ANOVA-test repeated measures with a within-between
interaction will be applied to Wave 1, 2 and 3 including
only those participants receiving HYPE treatment (study
objective 2). To reach a power of 0.80, a sample size of
N=42-106 is necessary when considering a medium-
large effect size (G*Power 3.1) [72]'. Taking into account
the 10% drop-out from the feasibility study, a sample size
of N=46-118 is required (i.e., young people receiving
HYPE treatment).

To increase knowledge on underlying processes of
self-harming thoughts and behaviors, and adaptive cop-
ing strategies on an individual level, a link between these
constructs and emotions and social interactions will
be examined using ESM data (study objective 3). Given
the large number of measurements of the ESM-ques-
tionnaire (i.e., five times a day for 28 consecutive days
per participant), these data are suitable for a single-case
experimental design [74]. This design focusses on the
within-component of the data and is useful for inves-
tigating individual processes over time. Additionally,
these analyses will be repeated on a group-level. Given
the novelty of these types of analyses, it is expected that
there will be relevant developments regarding statistical
models in the upcoming years. Hence, the best applica-
ble analyses will be considered once the data is collected.
Currently, Group Iterative Multiple Model Estimation
(GIMME) [75] would be an appropriate type of analysis
to answer this research question. For GIMME, at least
60 data points are needed from each participant to reach
sufficient power [76], i.e., participants with >243% compli-
ance would be included.

Lastly, to characterize participants’ and clinicians’
evaluation of PRIMARY (study objective 4), descriptive
statistics (e.g., means, standard deviations) will be calcu-
lated on the relevant questionnaires at Wave 2.

2 G*Power assumes the comparison group to deteriorate over time. How-
ever, stability was expected in this group in the current study. Hence, the
suitable correction was implemented in G*Power when calculating the sam-
ple size needed to answer this research question.
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Ethics and dissemination

Ethical approval for this study was granted by the Medical
Ethical Board Utrecht, the Netherlands (NL73936.041.20)
on the 15th of July 2020. Important protocol modifi-
cations will be amended and submitted to the Medi-
cal Ethical Board Utrecht. Careful attention has been
devoted to the consideration of participant privacy and
confidentiality. Procedures to support privacy and confi-
dentiality were discussed in detail with the legal depart-
ment of GGz Centraal and are in line with the European
and Dutch regulations on privacy [66]. Participants can
withdraw their consent and stop their participation in the
study at any time without providing a reason. When this
is the case, the data that has been collected thus far will
be used in the study, unless the participant specifically
requests their data to be deleted.

The study’s protocol has been publicly registered at
the International Standard Randomized Controlled Trial
Number registry (ISRCTN registry; doi: https://doi.
org/10.1186/ISRCTN42088538). The final trial dataset
belongs to the sponsor (i.e., GGz Centraal). The princi-
pal investigator has access to the dataset. The trial pro-
tocol, statistical code and other relevant information
will be made publicly available on an appropriate archive
platform for sharing purposes (e.g., Open Science Frame-
work) alongside the publication of the trials’ results. The
dataset will be available to other researchers on request.
They can send in a brief research proposal to request
access to the relevant data and may report on additional
findings from the study.

Major outcomes of the study will be presented in pub-
lications in international peer-reviewed journals, at aca-
demic congresses, and any other forum in a de-identified
form by the principal investigator, members of the steer-
ing committee and researchers who have significantly
contributed in the execution of the study (e.g., PhD can-
didates). Authorship eligibility for publications will be
based on contribution to the study and specific manu-
script, in accordance with the Contributor Roles Taxon-
omy (CRediT) statement [77]. Dissemination of findings
will also commence in plain langue via the sponsors’
website. To promote the dissemination of findings in the
clinical field, results will also be published in practice-ori-
ented journals and presented at clinically oriented work-
shops and symposia.

Discussion

The aim of the current multicenter randomized con-
trolled trial is to examine the effectiveness of PRIMARY,
a smartphone-based intervention for young people
who self-harm and are awaiting further care at a men-
tal healthcare institution. Specifically, its effect on emo-
tion regulation and self-harming thoughts and behaviors
will be examined. By using the ESM-methodology as
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both an intervention and measurement tool, the PRI-
MARY design is new within the field. Specific attention
was given to increasing the feasibility of the study by co-
designing PRIMARY with young people with lived expe-
rience of mental ill-health, including insights from earlier
ESM-studies, and by conducting a feasibility study.

This study strives to evaluate an evidence-based, low-
cost, structured intervention which can be offered to
those seeking help in the future. Furthermore, the ESM-
data allows for a detailed examination of the processes
underlying self-harm, which will contribute to theoretical
knowledge regarding this behavior.

Trial status
After receiving ethical approval, a feasibility study was
conducted between January and September 2021, where-
after adjustments were made to ensure feasibility of the
RCT. The first participant was included in the RCT in
October 2021. The study is currently ongoing. Data col-
lection is predicted to continue until April 2026.
International trial-registration was uploaded retro-
spectively on the 26th of October 2022 at the ISRCTN
registry (identification code: ISRCTN42088538). This
protocol is version 1, dated September 2022.

Abbreviations

PRIMARY PRe-Intervention Monitoring of Affect and Relationships in
Youth

ESM Experience Sampling Method

ISRCTN International Standard Randomized Controlled Trial
Number

DBT Dialectic Behavioral Therapy
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