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Preface

This Reprint, Addressing Challenges in Child Mental Health: Research and Strategies for
Comprehensive Development, brings together international contributions focused on the prevention,
assessment, and intervention regarding mental health problems in children and adolescents. The aim is
to provide both a scientific and applied overview that highlights the complexity of child development
and the urgent need for comprehensive approaches to care. We hope this work will support researchers,
clinicians, educators, and policymakers in their efforts to improve child and adolescent mental health

worldwide.

Ignasi Navarro-Soria and Tiscar Rodriguez-Jiménez
Guest Editors






children

Editorial

Addressing the Child and Adolescent Mental Health Gap After
the Pandemic: Why Translational, Practice-Oriented
Research Matters

Ignasi Navarro-Soria * and Boglarka Adorjan

Departamento de Psicologia Evolutiva y Didéctica, Facultad de Educacién, Universidad de Alicante, Carretera
San Vicente del Raspeig s/n, San Vicente del Raspeig, 03690 Alicante, Spain; bogi.adorjan@gmail.com
* Correspondence: ignasi.navarro@ua.es

The global disruption caused by COVID-19 has drawn renewed attention to an al-
ready pressing reality: child and adolescent mental health requires sustained, system-level
investment and high-quality evidence to guide practice. Even before the pandemic, mental
health conditions were among the leading causes of disability in young people worldwide.
The Lancet Commission on Global Mental Health and Sustainable Development urged a
decisive shift toward closing the science-to-service gap and scaling evidence-based inter-
ventions across systems of care [1]. The pandemic then acted as a stress test for families,
schools, and services: meta-analyses and national surveillance studies showed meaningful
increases in internalizing symptoms and service needs among children and adolescents,
with disparities concentrated in vulnerable groups [2—4].

Against this backdrop, the current Special Issue brings together empirical studies
and practice-oriented innovations spanning early childhood through adolescence. Col-
lectively, these contributions foreground three cross-cutting priorities: (a) early detection
and monitoring of developmental-mental health needs in real-world settings; (b) feasible,
scalable supports embedded in natural ecologies (families, classrooms, community); and
(c) technology-enabled solutions that complement (not replace) human relationships at the
heart of mental health care.

1. Early Childhood: From Developmental Risk to Protective Classrooms

A consistent lesson from developmental science is that risk and protection co-
accumulate over time. In early childhood, language, pragmatic communication, self-
regulation, and classroom climate interact bidirectionally with socio-emotional develop-
ment. Pragmatic language challenges can undermine peer relations and teacher—child
interactions, while supportive, predictable classroom environments buffer risk and foster
competence. Evidence accumulated over the last decade indicates that strengthening pro-
tective factors at the classroom level (e.g., warm teacher—child relationships, clear routines,
emotionally attuned feedback) can yield measurable improvements in child adjustment,
especially when adversity is present [5-7].

The studies in this collection that examine preschool communication and early years’
classroom supports align with this translational aspiration: they employ real-world samples
and focus on feasible practices (e.g., coaching, structured routines, targeted small-group
supports). Such work advances the field by moving beyond efficacy trials to effectiveness
and implementation questions—what works, for whom, and under which classroom
conditions—while keeping sight of equity considerations.

Children 2025, 12, 1648
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2. Middle Childhood and Adolescence: Executive Functions, Digital
Behaviors, and Life Satisfaction

During middle childhood and adolescence, executive functions (working memory;,
inhibition, and cognitive flexibility) are tightly coupled with academic outcomes, emotion
regulation, and risk behaviors. In that developmental window, problematic technology
use can co-occur with anxiety and cyberbullying and may both reflect and exacerbate
self-regulatory difficulties. Recent studies, including those represented in the Special Issue,
underscore that profiles of executive functioning are not simply correlates of mental health;
they are tractable intervention targets with classroom-level impact [8-10].

Physical education and active pedagogies appear to be promising contexts for pro-
moting subjective well-being and life satisfaction, especially when teachers explicitly link
bodily engagement with self-awareness and regulation strategies [11]. This aligns with
broader evidence that school-based programs with active ingredients, emotion coaching,
behavioral rehearsal, goal setting, and peer collaboration produce small-to-moderate gains
in mental health and learning when delivered with fidelity in supportive climates [6].

3. Neurodevelopmental Conditions and Somatic Comorbidity:
A Systems Lens

Neurodevelopmental disorders often present with complex constellations of somatic
or connective-tissue-related symptoms, sleep disturbances, and sensory processing differ-
ences [12]. Far from being accidental, these features may shape stress physiology, pain
sensitivity, and participation in learning, thereby influencing mental health trajectories.
The Special Issue includes exploratory designs that invite a more integrative systems
lens, one that weaves together neurodevelopmental profiles, embodied experience, and
family /school accommodations. Such a lens helps translate clinical insight into practical
screening, referral, and support pathways across health and education.

4. Digital Mental Health: Opportunity with Guardrails

Digital approaches, mobile apps, teleconsultation, and Al-enabled tools can expand
reach, offer just-in-time self-help, and amplify scarce specialist capacity. Systematic meta-
reviews show that digital mental health supports can be acceptable and beneficial for youth,
particularly when they are human-supported, embedded in services, and underpinned
by solid clinical content [13]. The Special Issue features work on mobile consultation and
toolkits that exemplify this “digital-plus-human” model. Yet, the pandemic also reminded
us that technology can amplify inequities and does not uniformly benefit all learners.
A prudent way forward is to treat digital tools as adjuncts that enhance, not replace,
relationship-based care, with attention to accessibility, privacy, and cultural fit [13,14].

5. Suicide Risk, Self-Harm, and the Urgency of Pathways to Care

Emergency presentations for suicidal behavior and non-suicidal self-injury rose in
several settings during and after the pandemic [2,15]. Retrospective cohort approaches,
like those included in this Special Issue, provide needed signals about age, sex, and
contextual correlates of acute risk. However, signals must translate into pathways:
(a) routine, developmentally appropriate screening in schools and primary care; (b) rapid
access to stepped care; and (c) continuity across crisis, outpatient follow-up, and school re-
entry. Strengthening these pathways requires intersectoral collaboration and data systems
that track outcomes beyond discharge.
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6. A Unifying Thread: Translation to Practice and Policy

What binds the contributions of this collection is not a single methodology, but a
shared commitment to usable knowledge: measures that teachers can administer; classroom
strategies that fit the school day; family-centered practices that respect caregiver load; and
digital resources that are simple, secure, and clinically grounded. This is precisely the
translational ethos advocated by the global mental health movement, connecting rigorous
evidence with scalable delivery in the settings where children grow and learn [1].

At the same time, the field must address persistent evidence gaps. First, effectiveness
in diverse, under-resourced contexts remains underexplored; much of the literature is
still anchored in high-income settings [1,16]. Second, heterogeneity is the rule: subgroup
analyses by sex/gender, neurodevelopmental profile, socioeconomic status, and cultural
community are essential to avoid one-size-fits-all recommendations. Third, implementation
matters: fidelity, training load, and teacher well-being are not side issues but mediators
of impact.

7. Where Do We Go from Here?

A pragmatic agenda emerges from the studies gathered in this Special Issue and the
wider literature:

1. Detect earlier, support sooner. Embed brief, valid screeners for social-emotional devel-
opment, language/pragmatics, and executive functions into routine educational work-
flows, with clear referral pathways and feedback loops to families and teachers [5,6,9].

2. Invest in protective classrooms. Scale professional learning that helps teachers create
emotionally supportive, structured, and culturally responsive environments; prioritize
low-burden practices that are demonstrably linked to student mental health and
engagement [6,7].

3. Couple digital with human supports. Leverage apps and teleconsultation to expand
access, but ensure clinician oversight, data protection, and attention to digital equity;
evaluate not only efficacy but also uptake and sustained use in everyday life [13,14].

4. Bridge health and education. Co-design stepped-care pathways that span school,
primary care, and specialized services, with protocols for crisis risk, re-entry after hos-
pitalization, and ongoing accommodations for neurodevelopmental diversity [2,15].

5. Measure what matters. Beyond symptom change, track functional outcomes: atten-
dance, peer relationships, life satisfaction, and participation, outcomes that families,
students, and teachers recognize as meaningful [11,16].

None of this is easy. But a decade of calls, from global commissions to national
strategies, converges on the same point: children’s mental health is foundational to learning,
development, and social cohesion [1]. The studies in this Special Issue, though diverse in
scope and method, move the needle by keeping the focus where it belongs: early, feasible,
relational, and equitable supports [16].
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constructive dialog made this Special Issue possible, and the editorial office of Children for their
consistent support throughout the process. My special appreciation goes to the educators, families,
and young people who contributed their time and perspectives to the research featured here.

Conflicts of Interest: The authors declare no conflict of interest.



Children 2025, 12, 1648

References

1.

10.

11.

12.

13.

14.

15.

16.

Patel, V.; Saxena, S.; Lund, C.; Thornicroft, G.; Baingana, F.; Bolton, P.; Chisholm, D.; Collins, P.Y.; Cooper, ].L.; Eaton, J.; et al. The
Lancet Commission on global mental health and sustainable development. Lancet 2018, 392, 1553-1598. [CrossRef] [PubMed]
Racine, N.; McArthur, B.A.; Cooke, J.E.; Eirich, R.; Zhu, ].; Madigan, S. Global prevalence of depressive and anxiety symptoms in
children and adolescents during COVID-19: A meta-analysis. JAMA Pediatr. 2021, 175, 1142-1150. [CrossRef] [PubMed]
Newlove-Delgado, T.; McManus, S.; Sadler, K.; Thandi, S.; Vizard, T.; Cartwright Ford, T. Child mental health in England before
and during the COVID-19 lockdown. Lancet Psychiatry 2021, 8, 353-354. [CrossRef] [PubMed]

Loades, M.E.; Chatburn, E.; Higson-Sweeney, N.; Reynolds, S.; Shafran, R.; Brigden, A.; Linney, C.; McManus, M.N.; Borwick,
C.; Crawley, E. Rapid systematic review: The impact of social isolation and loneliness on the mental health of children and
adolescents in the context of COVID-19. J. Am. Acad. Child Adolesc. Psychiatry 2020, 59, 1218-1239.e3. [CrossRef] [PubMed]
Justice, L.M.; Petscher, Y.; Schatscheneider, C.; Mashburn, A. Peer effects in preschool classrooms: Is children’s language growth
associated with their classmates’ skills? Child Dev. 2011, 82, 1768-1777. [CrossRef] [PubMed]

Durlak, J.A.; Weissberg, R.P.; Dymnicki, A.B.; Taylor, R.D.; Schellinger, K.B. The impact of enhancing students” social and
emotional learning: A meta-analysis of school-based universal interventions. Child Dev. 2011, 82, 405-432. [CrossRef] [PubMed]
Pianta, R.C.; Hamre, B.K,; Allen, J. Teacher-student relationships and engagement: Conceptualizing, measuring, and improving
the capacity of classroom interactions. In Handbook of Research on Student Engagement; Christenson, S.L., Reschly, A.L., Wylie, C.,
Eds.; Springer: Boston, MA, USA, 2012; pp. 365-386. [CrossRef]

Zelazo, P.D,; Blair, C.; Willoughby, M.T. Executive Function: Implications for Education (NCER 2016-3); U.S. Department of Education:
Washington, DC, USA, 2016.

Kofler, M.].; Irwin, L.N.; Soto, E.E,; Groves, N.B.; Harmon, S.L.; Sarver, D.E. Executive functioning heterogeneity in pediatric
ADHD. J. Abnorm. Child Psychol. 2019, 47, 273-286. [CrossRef] [PubMed]

Treier, A.K.; Dopfner, M.; Ravens-Sieberer, U.; Gortz-Dorten, A.; Boecker, M.; Goldbeck, C.; Banaschewski, T.; Aggensteiner, PM.;
Hanisch, C.; Ritschel, A.; et al. Screening for affective dysregulation in school-aged children: Relationship with comprehensive
measures of affective dysregulation and related mental disorders. Eur. Child Adolesc. Psychiatry 2024, 33, 381-390. [CrossRef]
[PubMed]

Marques, A.; Peralta, M.; Santos, T.; Martins, J.; Gaspar de Matos, M. Self-rated health and health-related quality of life are related
with adolescents” healthy lifestyle. Public Health 2019, 170, 89-94. [CrossRef] [PubMed]

Murphy, J.; Brewer, R.; Catmur, C.; Bird, G. Interoception and psychopathology: A developmental neuroscience perspective. Dev.
Cogn. Neurosci. 2017, 23, 4-56. [CrossRef] [PubMed]

Hollis, C.; Falconer, C.J.; Martin, J.L.; Whittington, C.; Stockton, S.; Glazebrook, C.; Davies, E.B. Annual Research Review: Digital
health interventions for children and young people with mental health problems—A systematic and meta-review. J. Child Psychol.
Psychiatry 2017, 58, 474-503. [CrossRef] [PubMed]

Ebert, D.D.; Van Daele, T.; Nordgreen, T.; Karekla, M.; Compare, A.; Zarbo, C.; Brugnera, A.; Overland, S.; Trebbi, G.; Jensen, K.L.;
et al. Internet- and mobile-based psychological interventions: Applications, efficacy, and potential for improving mental health.
Eur. Psychol. 2018, 23, 167-187. [CrossRef]

Yard, E.; Radhakrishnan, L.; Ballesteros, M.F.; Sheppard, M.; Gates, A.; Stein, Z.; Hartnett, K.; Kite-Powell, A.; Rodgers, L.;
Adjemian, J.; et al. Emergency department visits for suspected suicide attempts among persons aged 12-25 years before and
during the COVID-19 pandemic—United States, January 2019-May 2021. MMWR Morb. Mortal. Wkly. Rep. 2021, 70, 888-894.
[CrossRef] [PubMed]

World Health Organization. World Mental Health Report: Transforming Mental Health for All; WHO: Geneva, Switzerland, 2022.
Available online: https://www.who.int/publications/i/item /9789240049338 (accessed on 26 November 2025).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.



children

Article

Development of Language and Pragmatic Communication Skills
in Preschool Children with Developmental Language Disorder
in a Speech Therapy Kindergarten—A Real-World Study

Dieter Ullrich 1* and Magret Marten 2

Medical Practice Pediatric/ENT, Wedemarkstr. 83, 30900 Wedemark, Germany
Logopaedic Kindergarten, An der Autobahn 2, 30851 Langenhagen, Germany; magretmarten@gmx.de
*  Correspondence: ullrich-dieter@t-online.de

2

Abstract: Background: Several studies document the importance of communicative abilities
for children’s development. Especially in recent years verbal communication in preschool
children with developmental language disorder (DLD) has been studied, relying heavily on
statistical analysis, outcome measures, or/and parents’ reports. Purpose: This explorative
study investigates the effects of speech therapy on the development of language and verbal
communication skills in preschool children with DLD within their peer group in a day-
to-day setting using objective video-documentation. Hypothesis: Speech therapy leads to
improvement of language, communication, and possibly to concurrent development of both
language and verbal communication skills in preschool children. Methods: Preliminary
prospective study to assess language and verbal communications skills of nine preschool
children (seven boys, two girls, 4-6 y) with DLD in a speech therapy kindergarten using
video recordings over a one-year therapy period. The communicative participation of the
members of the peer group was assessed and included the verbal address (Av) and the ratio
of “verbal address/verbal reaction” (Av/Rv). Results: The investigation results in evidence
for two outcome groups: One group with suspected preferential verbal communication
disorders (1 = 4) was characterised by a high Av/Rv value, meaning they were scored to
have a normal or high verbal address (Av) and a low verbal response (Rv) (predominantly
interpersonal communication related disorder). This group showed minimal changes in
the short term but demonstrated improvement after 5 years of schooling; thus, pedagogical
activities seemed to be particularly effective for these children. The second group showed a
balanced Av/Rv ratio (predominantly language related disorder) (n = 5); but after five years
they demonstrated a partial need for special school support measures. This group may
therefore particularly benefit from speech therapy. Conclusions: The present study clearly
shows that even with speech-language therapy, the linguistic ability of DLD-disturbed chil-
dren does not necessarily develop simultaneously with their communication ability. Rather,
the investigations provide evidence for two groups of preschool children with DLD and
communication disorder: One group demonstrated a predominantly verbal communication
related disorder, where pedagogical intervention might be the more important treatment.
The second group showed predominantly DLD, therefore making speech therapy the more
effective intervention. In this study, all children expressed their desire to communicate
with their peers. To the authors’ best knowledge, this is the first study determining the
ability to communicate in a preschool cohort with DLD using characterisation with video
documentation in a follow-up for 1 year.

Keywords: verbal communication development; preschool children with speech-language
disorder; communicative participation; logopaedic kindergarten; importance of SL-therapy
and educational measures
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1. Introduction

Human communication involves the interpersonal exchange of ideas, wishes, and
feelings among people [1-3]. The development of social and verbal communication skills is
a significant developmental step for infants and children and is critical for their intelligence,
the development of cognition, their future communicative participation, and thus for
their future lives [2,4]. Earlier research has primarily investigated children’s speech and
language skills, but in recent years the importance of pragmatic communicative skills has
been recognised [1-8]. The scientific and educational importance of communication skills
is reflected in the introduction of social (pragmatic) communication disorder as a new
category in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders [9].
The importance of communication is also emphasised in the International Classification of
Functioning, Disability and Health (ICF) [10]. Nevertheless, uncertainties and unanswered
questions remain [11].

The concept of communication is complex. An infant’s smiling and crying represent
the first type of communication [12]. Andalo et al. [13] documented that the development
of language and communication is partially based on physical motoric development. Ac-
cording to Piaget et al. [14] and Zollinger [15], the development of communication is linked
to the child’s ability to play, recognise symbols, and triangulate. In recent years, numerous
publications and reviews on child communication have appeared and contributed to a
better understanding [6,16-19]. However, it should not be overlooked that individual ele-
ments of communication do not necessarily reflect communicative participation. Ultimately,
however, it is communicative participation that is of crucial importance [7,11].

To assess communication skills in preschool children, some studies attempted care-
giver questionnaires. The FOCUS (Focus on the Outcomes of Communication Under Six)
questionnaire examines the communicative skills of subjects under the age of six years
and is also used to correlate communication and DLD development in children [20]. In
the vast majority of all studies, the development of communication is assessed on the
analysis of various test procedures or questionnaires and, furthermore, on patient-reported
outcome measures or parents’ reports concerning communicative skills [16]. These ap-
proaches often only provide indirect (evaluative) and/or retrospective information regard-
ing communication skills. However, communicative skills do not necessarily equate to
possessing the ability for “communicative participation” [7,11,18]. To our best knowledge
currently there exist no objective testing methods to characterise communicative abilities in
preschool children.

In Germany, specialised logopaedic/speech therapy kindergartens exist. The concept
of logopaedic kindergartens is founded on scientific evidence showing that children with
speech and language impairments benefit from appropriate therapy. The multimodal
approach of these kindergartens involving the participation of specialised educators, speech
therapists, occupational therapists, and psychologists aims to help the children to integrate
into mainstream schools and pursue vocational training later in life [21,22].

Prior to admission to a speech therapy kindergarten, other significant impairments
apart from speech development disorders must be excluded. Furthermore, children must
have received 30 h or more of unsuccessful outpatient speech therapy. Upon admission,
children are aged between 4 and 6 years, and the average duration of therapy is 18 months.
The ratio of children to educators in the logopaedic kindergarten is 8:1.5, thus significantly
better than that in regular kindergarten with a ratio of 25:3.
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Pedagogical research [23,24] has shown that objective skills such as a high IQ (hard
skill) do not necessarily guarantee success or stimulate optimal development. Instead,
soft skills, such as the environment or intensive practice (life skills), seem to be crucial
for a positive long-term development. The authors suggest that this situation might
be comparable for speech-language development. This implies that, in agreement with
Cunningham et al. [7,18], individual language skills, such as articulation, vocabulary, or
phonological awareness (hard skills) or single communicative skills alone are not sufficient
for children’s language or communicative development and participation outcome. It is
important that soft skills, such as interindividual communication and language practice,
must be further developed. Enhancing these soft skills could potentially improve the
long-term prognosis of children with DLD and communication disorders.

Consequently, this explorative study investigated verbal interpersonal communication
of preschool children with their peers as an important aspect of communicative participa-
tion behaviour in young children with DLD. Additionally, we introduced video analysis
as a novel method to analyse communicative development and participation in preschool
children. One important research hypothesis investigates whether speech-language therapy
will improve DLD and communication concurrently.

2. Methods
2.1. Study Design

The authors present a prospective observational study with preschool children in a
speech therapy kindergarten in Hanover, Germany, over one therapy year (2016 to 2017).
As part of the admission process, parents were required to consent to various examinations,
possible scientific analyses, and publications. This informed consent was obtained from
parents and caregivers prior to enrolment. No additional examinations were conducted
specifically for this study.

2.2. Participants

Nine preschool children (7 boys, 2 girls) (Table 1) with DLD were included in the study.
At study enrolment, the children were aged 4-6 years. All children had a pronounced
developmental language disorder (ICD-10: F 80.9) and minor additional disorders, such
as problems associated with the oral musculature (ICD-10: F 82) [25] (see Appendix A).
Table 1 summarises the characteristics of the study participants, including age, native
family language, IQ, number of siblings, and characterisation of SL-disorder according to
ICD [25]. Five children came from non-native German-speaking families (Child: D1, P, D2,
J1, E). However, German was also the everyday language in these households. Logopaedic
speech therapy assessment established that the extent of German language problems was
comparable in all study participants, regardless of their language background (Appendix A).
For children of a non-German-speaking background, caregiver feedback confirmed the
similarities of speech problems in both languages. The details on the different logopaedic
criteria and the language status before and after therapy are presented in Appendix A.

Table 1. Characterisation of the children.

Native
Number of ICD-10 *3
. * . . *
Child Age (™ Family — IQ(SON-R)*2[26]  gip o o [25]
Language
D1 6 Polish h 1 F80-9
N 5 German a 1 F80.9
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Table 1. Cont.

Child  Age(y)*1 11:\::111‘;; IQ (SON-R) *2 [26] st‘i‘g‘l'i’fl;;’f IC'?Z';? "
Language
L 5 German a 1 F80.9, F82.9
P 5 Russian a(b), borderline 0 F80.9
K 5 German a 1 F80.9
D2 5 Polish a 1 F80.9, F82.9
J1 5 Russian h 9 F80.9
]2 5 German a 1 F80.9, F82.9
E 4 Russian a 1 F80.9

*1: Beginning of the study; *2: a (average; 90-110), b (below average, <90), h (higher than average, >110);
*3: International Classification of Diseases.

All children underwent a psychological and a speech-therapy assessment upon ad-
mission. Within the therapy year all children were routinely tested 4 times per therapy
year with regard to their language skills and 2 to 3 times per year regarding their overall
development. Similar to the initial assessments, these examinations are based on various
validated test procedures (Table 2), which were individually conducted by experienced
examiners under optimal conditions. After evaluation and additional consideration of the
individual assessments by educators and therapists (Tables 2 and 3; Appendices A-D), the
further logopaedic and pedagogical treatment concept was developed and adapted.

Table 2. Test procedures in the logopaedic kindergarten.

Skills Test Procedure Validated
SETK—3-5 Test for language/speech os
development of children 3-5 years [27] y
L S h AWST-R—Vocabulary test for children os
anguage + Speec 3-5 years [28] y
PDSS—Patholinguistic diagnostics for os
speech-language-impaired children [29] y
Kaufmann Assessment Battery for Children II os
(KABC-II 2015) [30] y
Cognition SON-R2.5-7—Non-verbal IQ test for children os
2.5-7 years [26] y
Motor skills + Movement MOT 4-6—Test for children 4-6 years [31] yes

Table 3. Linguistic abilities at the beginning and the end of the therapy year based on logopaedic and

educational assessment.

Child Linguistic Skills Linguistic Skills After
Before Therapy Therapy

D1 hardly any dialogue ability ~ partially good dialogue ability
hardly any dialogue ability good dialogue ability

L limited dialogue ability good dialogue ability

P good dialogue ability good dialogue ability

K good dialogue ability good dialogue ability

D2 limited dialogue ability good dialogue ability
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Table 3. Cont.

Child Linguistic Skills Linguistic Skills After
Before Therapy Therapy
J1 limited dialogue ability good dialogue ability
]2 limited dialogue ability good dialogue ability
E hardly any dialogue ability good dialogue ability

The assessment data on the children’s various abilities and characteristics and the
changes in some of these during the therapy year are shown in condensed form in Table 3
and in Appendices A-D.

2.3. Methods and Analysis of Communication Skills

The authors developed an internal assessment protocol for communication evaluation
previously unreported.

Based on this protocol, the children’s communication behaviour was assessed qual-
itatively or semi-quantitatively by educators and speech therapists using standardised
methodology on admission and at regular intervals of 3 to 4 months (Tables 2 and 3;
Appendices A and B).

Given the children’s frequent difficulties in passing objective tests, all children in
the study groups were also routinely assessed using Zollinger’s developmental profiles
(Appendix B). Zollinger’s [15] non-standardised developmental profiles are qualitative
assessments of four skills (i.e., practical-gnostic, symbolic, linguistic, social-communicative
criteria) which have shown to be present in approximately 80% of children aged 9 to
42 months. However, Zollinger’s test results in the present study are limited by the fact
that the children analysed are significantly older than 42 months. But the developmental
profiles were a valuable aid for a pedagogical-therapeutic routine.

In general, it is evident that all standardised and non-standardised test procedures can
only characterise single aspects of the children’s abilities and /or disorders. Thus, multiple,
simultaneous testing procedures—as conducted in this study—most accurately reflect the
abilities and limitations of the different children.

2.4. Pedagogical Principles

As described above, all children were extensively tested when they started kinder-
garten and individual support plans were created based on the results. The criteria for these
examinations included self-confidence, social skills, knowledge of materials, and motor
skills (Appendices C and D). The development of these abilities, which were either missing
or not fully developed according to age, was then specifically supported by pedagogical
means. Typically, a pedagogic review was conducted four times during the therapy year
and the support measures were adjusted accordingly. As stated, pedagogical principles for
the children focused on the criteria “temperament and personality functions”, “energy and
drive functions”, “basic learning”, and “general tasks and demands”(ICF-CY 2007) [32].

The specialised educators (1.5 educators for 8 children) tried to improve the children’s
abilities with targeted measures, entertained them, and sang with them. Reading aloud was
not possible due to the children’s impaired abilities. In contrast to the speech therapists,
the educators did not correct the children in their speech—linguistic corrections were made
only by the speech therapists. The specialised educators and one speech therapist were
available to provide long-term care for these nine children. In addition, one psychologist
and one motopedist were sometimes available.
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2.5. Video Documentation and Analysis

The individual quantitative examinations of communication behaviour were per-
formed using video analyses of the children at the beginning of the therapy year (0 months)
and after 3, 7, and 10 months. Speech, behaviour, and verbal communication skills of all
children in the study group were documented for one hour, starting from 8:15 to 9:15 a.m.
During this observation period, the children acted autonomously without intervention
from teachers and/or therapists.

Evaluation of the recordings was conducted by a speech-language therapist, an educa-
tor specialised in speech-language therapy, and a paediatric medical expert specialising in
treatment of children with language impairment. In borderline situations, the assessment
of the majority of assessors was accepted.

The verbal communication behaviour of the children involved was analysed for a du-
ration of 10 s every 2 min. The three assessors categorised the quantitative communication
behaviour of the children as “verbal expressive action” (Av) and the language reaction
or answer as “verbal responsive action” (Rv). In addition, “non-verbal expressive action”
(An), such as hand gestures or facial expressions, “non-verbal responsive action” (Rn),
and “no interaction” (D0) were evaluated. The criteria for the assessment of non-verbal
responsive actions were observable gestures, movement, and significant facial expressions.
Highly subtle reactions, such as a wink, were neglected due to the scope of this investi-
gation. However, it has previously been shown that these reactions are significant in the
assessment of communication skills [33].

The communication activities Av, Rv, An, Rn, and D0 were extrapolated for the
observation hours and presented as percentage proportions per hour (%/h). Consequently,
28 to 30 evaluations per hour were conducted for each child, and a total of 4 observation
hours were recorded at 0, 3, 7, and 10 months throughout the therapy year.

In 2022, five years after discharge, a telephone follow-up survey was conducted to
evaluate the study participants, including their current level of school education (Figure 1).

L9gopaed|c —————— 5years after dismissal —» Secondary
Kindergarten School
D1 Gymnasium
»0C
N X
vOC A
L Cc
Realschule /IGS g
»0C d
P X e
m
K I
Sprachheilschule c
(SC-Therapy-School)
D2 »0C L
e
e
o |
2 b Specialized School
——_—-———_______ . X
— X
E

Figure 1. Long-term school development of the children (OC: children with predominantly commu-
nication problems: D1, N, L, E); X: children with predominantly speech-language problems: P, D2, J1,
J2) (Appendix E).
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The primary outcome measure was the quantitative and qualitative change in interper-
sonal speech-language (SL) and communication behaviour in the kindergarten group (peer
group) over the course of one therapy year, as measured by standardised test procedures,
but also judged by subjective assessments of the therapy team. An objective method to
assess communication was video documentation.

Secondary outcome measures included the level of secondary schooling achieved and
language skills at the time of, and following, discharge from the kindergarten.

2.6. Problems Concerning Statistical Analysis

Three assessors (a speech-language therapist, an educator specialised in speech-
language therapy, and a paediatric medical expert) conducted the video analysis. All
three evaluators were involved in the study and were informed about the study parameter
“communication”. There was consensus in almost all cases in the video assessment of the
children’s communication behaviour. However, despite best efforts, experimenter bias
cannot be completely ruled out.

Further statistical peculiarities: The present study is a “psychological study” with the
known peculiarities and limitations of a small number of subjects. Statistical and assessment
problems in psychological studies can arise, among other things, from differences between
laboratory and field studies, experimenter bias, problems of generalisability, individual
differences and subjective problems of the subjects, and effects of confounding factors.
In addition, the effect size of the phenomenon under investigation (e.g., Cohen’s effect
size) also plays a role in psychological studies, as this can, among other things, provide a
measure of the significance of an observed effect. However, the statistical analysis of the
various influences requires a control group or larger study groups, which is not the case in
the present study. Even though no statistical data is available, the observed effect size of
the parameter “communication” appears to be high in the present investigation.

2.7. Significance of Other Influencing Factors

The authors are aware that certain factors influencing language and communication
development were not considered in this study that may alter results. Examples include the
children’s IQ, the number of siblings, or similar variables. Among others, Alons et al. [16]
and Cunningham et al. [8] have documented a wide range of such influencing factors.

The authors believe that, despite (or perhaps because of) the data reduction performed,
the study results provide important insights into children’s development of language and
communication skills.

In terms of study design, this exploratory study involves a small number of subjects,
making statistical analysis mathematically inappropriate.

3. Results

All study participants demonstrated verbal communication disorders to varying
degrees and with different problems (Appendix A). Figure 2 summarises verbal address
(Av) and shows that all the children communicated or tried to communicate to varying
degrees regardless of their individual disorders. Within the therapy year no systematic
development is detectable.

The ratio between Av (active verbal expressive action) and Rv (verbal responsive
action) was defined as an indicator for individual social communication (communicative
participation) of the children. The authors classified the Av/Rv ratio with a range between
<0.9 and 1.1 as “normal”, indicating an appropriate balance between verbal expression
and reaction. An Av/Rv ratio of more than 1.1 due to a low Rv was classified as “irregular,
less communicative”.

11
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Figure 2. Verbal address Av in percentage per hour (% /h) of the various children at the observation
times, 0 (o), 3 (o), 7 (J), and 10 (M) months; median: (M).

A general correlation was observed between expressive Av (%/h) and responsive Rv
(%/h) action with a Pearson correlation coefficient of r = 0.881. The correlation between
An (%/h) and Rn (%/h) for the corresponding non-verbal communication behaviour was
considerably lower, with a Pearson correlation coefficient of r = 0.475.

The balance between “verbal expressive action” and “responsive reaction” is thought
to be important for verbal interpersonal communication. The authors expressed this via
repeated evaluation of the Av/Rv ratio (i.e., the ratio of verbal expressive action to verbal
response), as shown in Figure 3. This Av/Rv ratio proved to be a useful method for
quantifying communication behaviour, although it varies significantly throughout the year.
The median Av/Rv ratio correlated with the additional assessments of communication
behaviour (Figure 4, Table 3, and Appendices A and B). During these video investigations,
children acted independently of adult presence and influence, thus being able to solely
communicate with their peers. It has previously been shown that the presence of adults
alters communication behaviour in preschool children [3,34,35].

Figure 3 demonstrates a median Av/Rv ratio greater than 1.1 for children D1, N,
L, and E. The authors interpreted this ratio as non-reciprocal communication behaviour,
displaying a large amount of verbal share Av (in part without the apparent intention to
communicate) and a low reactive share Rv. Children P, K, D2, J1, and ]2 with an Av/Rv
ratio between <0.9 and 1.1 appeared to have predominantly “normal” communication
behaviour, with equally weighted proportions of responsive and reactive verbal behaviour,
therefore displaying a “give and take” behaviour. In the present study the Av/Rv ratio
fluctuated substantially over the course of the study year.
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Figure 3. Av/Rv-ratio (verbal address/verbal response) of the various children at the observation
times, 0 (o), 3 (o), 7 ((J), and 10 (M) months; median: (M).
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Figure 4. Relations between Av/Rv-ratios during therapy period and “communication abilities before
therapy” (based on assessment of speech therapists and educators), with median X.
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Clearly observable non-verbal communication (consisting of actions (An) and non-
verbal reactions (Rn)) was rarely detected, with a median of 5% per hour (range: 2-12.5%
per hour).

According to the assessment of speech therapists, educators, and test procedures
in general, the children’s linguistic phonological, phonetic, and grammatical progress
was better than their verbal communicative progress over the course of the therapy year
(Figure 4, Table 3, Appendix A).

In a telephone follow-up five years after discharge, three (D1, N, E) of the four children
(D1, N, E, L) with a high Av/Rv ratio (Av/Rv > 1.1) and the assessment “pronounced
communication disorder” were attending a “high-level secondary school” (German “Gym-
nasium”/”Realschule” /IGS; characterised by the academic level, these refer to types of
secondary schools) (Figure 1; characterisation of school types in Germany: see Appendix E).
In comparison, two (P, J2) of four children (P, D2, J1, ]2) with significant speech-language
impairment and presumed “normal” communication behaviour (based on Av/Rv < 1.1)
were attending a “specialised school” with distinct support measures.

In the present study two (L, ]J2) of three children with DLD and oral dysfunction
(L, D2, J2) had to attend a “specialised school” or “speech therapy school” in the long term.

4. Discussion

In this study all examined preschool children suffered from DLD and all of them
expressed their desire to communicate with their peers. The verbal communication be-
haviour of the children as core competence for their individual development and com-
municative participation was determined by their peer group without adult influence.
Children’s communication amongst their peers varies from that displayed in the presence
of adults [3,35], in particular in young children developing language skills and children
with language disorders. Research findings give some evidence that not necessarily lo-
gopaedic therapy methods, but practice and environment might be decisive for a successful
development [8,11,18] similar to pedagogical development [23,24].

All children in this study showed varying degrees of improvement in linguistic aspects
such as phonology, phonetics, and/or grammar during the therapy year, as determined
by test procedures and the assessment of therapists. This result is in agreement with
the studies of Cunningham et al. [3,35], Levickis [11], and Law et al. [36]. In contrast,
unexpectedly, the examined children showed no significant changes or development in
communicative verbal address (Av) or in the ratio Av/Rv as measured by objective video
documentation throughout the year. Presumably, the ratio Av/Rv is an important hint
for individual and interpersonal communication abilities/communicative participation.
These observations were interpreted as a long-term verbal communication disorder and
are consistent with the published literature [37]. According to Buzhardt et al. [38] the
simultaneous impairments in speech-language and communication may be an indicator
for increased risk for autism spectrum disorder. However, in the present study all children
with communicative problems analysed gave no evidence for autism spectrum disorder
and even showed positive speech/language and communicative development in the
long term.

For the participation and development of children, linguistic abilities as well as
communication skills and social abilities are highly important [1,5,39]. Whilst very often
therapy differentiates between linguistic and communicative abilities, linguistic abilities
are an important prerequisite for communication. Linguistic abilities can be supported and
improved by intensive speech therapy [40]. For the development of communication skills
and communicative participation, the authors believe that in addition to the linguistic skills,
a combination of exercise and environment are crucial and that logopaedic and pedagogical
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support are important additional measures. This interpretation of the study findings is in
concurrence with other studies [7,8,23].

In the present study, all preschool children with DLD showed a strong desire to
communicate with one another, despite their speech and communication challenges. This
finding shows how children use their communication abilities to engage with others and
seems to indicate a strong individual intrinsic motivation [7,10,11,41,42].

Although no significant improvement in children with mainly communication skills
was observed during the therapy period, the children’s long-term development seemed
surprisingly successful, illustrated by their attendance at regular secondary schools. In
comparison to the above group, the long-term academic development of the children with
predominant DLD and “normal” communicative behaviour was less accomplished.

The observation of a positive development of communication after intensive pedagog-
ical care during preschool age also corresponds to the observations of Mortensen et al. [43],
Whitehouse et al. [44], Dickinson et al. [45], and others. It is debatable whether social,
educational, or physical problems or a lack of educational support are critical determinants
of the long-term problems of children with language development and communication
disorders, as described by Botting et al. [46], Maggio et al. [47], and Johnson et al. [48].
From the pedagogical aspect Stamm [23,24] emphasises the importance of practice and a
positive environment, which is in accordance with the findings of Cunningham et al. [8]
and Alons [16].

The present study offers valuable insights to the children’s perspective to use com-
munication for engagement in life, but also has certain limitations. It is a prospective,
long-term observational study focused on the communication behaviour of preschool
children with DLD in a speech therapy kindergarten. Unlike many studies that rely on
questionnaires, this research aims to provide a more direct objective and comprehensive
understanding through video documentation, various tests, and evaluations by specialised
professionals. However, the sample size is small, with just nine children who vary sig-
nificantly in their individual conditions, such as number of siblings, mother tongue, and
others. The data was assessed and summarised by three examiners as described above
(a speech-language therapist, an educator specialised in speech-language therapy, and a
paediatric medical expert). Additional limitations include the intra-observer reliability of
grading, the socio-economic context of the kindergarten studied, and potential linguistic
characteristics unique to the German language.

In conclusion, although the study was limited by a small sample size and a simplified
model, the findings suggest that the speech-language and communication environment
plays a crucial role for the development of children. Results indicate that all children have a
strong desire to engage in communicative participation with their peers. There is also some
evidence that the first signs of communication problems can be recognised early in young
children. In addition, we believe that video documentation and subsequent computerised
analysis (for example, utilising machine learning or artificial intelligence) can also be a
significant aid in the future assessment of possible communicative disorders in preschool
children with DLD.

Ethics Considerations of This Study

This study involved a secondary analysis of pseudonymised data originally collected
during routine diagnostic and therapeutic speech therapy procedures in a kindergarten.
No additional diagnostic interventions were conducted for research purposes, and all video
recordings were deleted prior to analysis. Parental consent was obtained at admission
for data use in diagnostic documentation and for specific therapeutic video recordings.
No identifiable information was retained, and the research posed no additional risk to
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participants. The Ethics Committee of the Lower Saxony Medical Association was consulted
after the study concluded and declined to issue a retrospective opinion, citing ambiguity
regarding the need for prior consultation in such cases. Although no ethical violations
occurred and the Ethics Committee raised no significant concerns, in future work we will
seek formal ethics approval prior to the start of data collection, regardless of the perceived
level of risk, to ensure alignment with best research practices.

5. Conclusions

This study is a prospective study in which we expected a continuous, largely parallel
improvement of speech and verbal communication due to continuous therapy. However,
findings show that linguistic ability of speech-language-disturbed children does not neces-
sarily develop simultaneously with their communication ability. Evidence suggests that
two groups with different disorder foci emerged, and they differed over the course of
the therapy year. The present study suggests that children with mostly DLD problems
predominantly require speech therapy. Children with a predominant verbal communi-
cation problem could have an incipient or existing “social (pragmatic) communication
disorder”. According to the current literature, a combination of educational and speech
therapy seems to be helpful for this type of disorder. Overall, our findings show that
an improvement in language skills does not necessarily lead immediately to improved
communication behaviour.

Despite the aforementioned limitations and the small, heterogeneous group of children
with DLD studied—along with the resulting statistical challenges—the authors believe that
further large-scale studies would be beneficial.

What This Paper Adds

Little is known about the relations between language and verbal communication
development in preschool children with DLD. In general, it is assumed that language and
verbal communication development occur largely in parallel.

In the present study, evidence suggests that young children can be divided into
two distinct groups: one group primarily exhibits language disorders, while the other
shows predominantly verbal communication difficulties. However, independent of their
impairment, all children want to engage in communication/communicative participation
with their peers. It is important to note that speech-language therapy may not lead to
simultaneous improvements in speech-language and communication skills.

The authors suggest that speech therapy should be sought for preschool children with
a speech disorder, and a combination of educational and speech therapy interventions
should be used for children with a verbal communication disorder.
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Appendix A

Table A1l. Speech-language development status at the beginning (B) and end (E) of speech therapy in
the logopaedic kindergarten (based on assessment by SL teachers).

D1 N L P K D2 J1 J2 E
B B B B B B B B B
E E E E E E E E E
. . 6 5 4 4 4 4 5 5 4
Articulation 4 3 3 3 3 3 5 4 4
. 4 4 3 4 3 3 3 4 1
Orofacial complex 4 5 5 5 3 5 5 3 1
Semantic 5 4 3 4 4 5 4 5 4
lexical 5 3 1 3 3 3 1 1 4
Grammar 6 6 4 4 5 5 4 4 5
Syntax 4 2 2 3 3 3 2 3 4
Grammar 6 6 4 4 3 4 4 4 6
Morphology 4 4 3 3 3 3 3 3 4
Language 5 4 2 4 4 3 3 3 5
understanding 4 2 1 3 3 2 1 1 3
Auditory 6 5 5 4 3 4 3 4 4
Processing 3 3 3 3 3 3 3 2 3
Communicative 6 5 4 3 4 5 4 4 5
pragmatic 4 2 2 3 3 3 3 3 2
1: age-appropriate, trouble-free; 2: slightly conspicuous; 3: partially, still defective; 4: defective, multiple; limited;
5: considerably disturbed, severe; 6: not assessable, not present.
Appendix B
Table A2. Skills necessary for speech-language development before and after therapy (according to
Zollinger [15]. The data refer to individual abilities compared to normally developed 3.5-year-old
children. Legend: (})|: (strongly) impaired; &J: average; 1: enhanced.
Name IQ Before Therapy Age After Therapy
(Years)
Practical- . . . L. Social Social . L. . Practical-
Gnostic Symbolic  Linguistic Communicative Communicative Linguistic Symbolic Gnostic
D1 t H %) AR H 6 H ) Y 9
Y %) %) AR AR 5 H H ) 9]
L 9] 9] 9] W + 5 9] I 9] 9]
p \ ) ) 3 3 5 H ) ) )
%) %) (%] 1 %] 5 %) + %) %)
D2 ) Y AR H 5 H H ) %)
J1 T 1G] (%] (%] 5 %) %) %) %]
]2 1G] 1G] W 3 5 9] 9] 1G] 1G]
E %) (%] 4 + %) 4 %) %) %) (%]
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Appendix C
Table A3. Non-verbal parameter for the assessment of emotional and social qualities (assessed
by educators).
Parameters Assessment Score
Below Average Average Above Average
Frustration tolerance 1 2 3
Ability to accept criticism 1 2 3
Social competence 1 2 3
Compliance with rules 1 2 3
Ability to form relationships 1 2 3
Maximum points 15
Average points 10
Minimum points 5

Appendix D

Table A4. Assessment of social and emotional qualities of the various children by educators and
therapists. Criteria as shown in Table A3.

Child
D1 N L P K D2 J1 12 E
Frustration tolerance 1 2 2 1 2 1 2 3 1
Ability to accept criticism 2 2 2 2 2 2 3 2 1
Social competence 2 3 2 1 2 3 3 3 2
Compliance with rules 3 3 2 1 2 3 3 1 2
Ability to form relationships 1 1 3 3 2 2 1 2 1
Total Points 9 11 11 8 10 11 12 11 7

Appendix E. Characterisation of School Types in Germany

The German “Gymnasium” specifically refers to a type of secondary high school that
prepares students for university education.

“Realschule” refers to a type of secondary school that provides a more practical and
vocational education compared to the academically focused Gymnasium, typically for
students aged around 10 to 16.

The “IGS” integrates various educational tracks, offering a range of academic and vo-
cational courses within the same institution, allowing students to choose different pathways
based on their abilities and interests.
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Abstract: Background /Objectives: Early care and education programs promote children’s
social-emotional development, predicting later school success. The COVID-19 pandemic
worsened an existing youth mental health crisis and increased teacher stress. Therefore,
we applied an infant and early childhood mental health consultation model, Jump Start
Plus COVID Support (JS+CS), aiming to decrease behavioral problems in children post-
pandemic. Methods: A cluster randomized controlled trial compared JS+CS to an active
control, Healthy Caregivers—Healthy Children (HC2), at 30 ECE centers in low-income
areas in South Florida. Participants were not blinded to group assignment. Teachers
reported on children’s social-emotional development at baseline and post-intervention
using the Devereux Early Childhood Assessment and Strengths and Difficulties Question-
naire. We assessed whether teacher stress, classroom practices, and self-efficacy mediated
the relationship between JS+CS and child outcomes. We also explored whether baseline
behavior problems moderated JS+CS effects on child protective factors, relative to HC2.
Results: Direct group-by-time differences between JS+CS and HC2 were limited. However,
JS+CS demonstrated significant within-group improvements in teacher-reported child
protective factors, behavior support practices, and classroom safety practices. Classroom
safety practices consistently mediated positive changes in child behaviors, including the
DECA total protective factor score and subdomains of initiative and self-regulation. Ad-
ditionally, teacher perceptions of behavior support mediated gains in child attachment.
Conclusions: JS+CS shows promise in building protective systems around children through
intentional support for teachers, underscoring the value of whole-child, whole-environment
approaches in early intervention.

Keywords: infant and early childhood mental health consultation; protective factors;
behavior problems; social-emotional development; COVID-19

1. Introduction

Early childhood is a critical period of development, as children’s environments and
experiences shape later outcomes [1,2]. Social-emotional development is especially im-
portant, as it is a powerful indicator of young children’s future success in school and
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into adulthood [3-5]. Most children spend some time daily in some form of early care
and education (ECE) program [6,7], many for at least 35 h per week [8]. These programs
foster the learning and development of critical academic and social-emotional skills. How-
ever, children with poor or delayed social-emotional skills are more likely to engage in
challenging behaviors, which puts them at risk for suspension and expulsion from ECE
programs [9,10]. In fact, it is far more likely that children will be suspended from ECE
centers than K-12 programs [11].

Attendance in an ECE program is particularly important for young children who are
from minoritized racial and ethnic backgrounds, as they may experience higher levels
of risk factors related to their development. For example, social environments in which
children or families experience racial discrimination can negatively influence both health
and behavioral outcomes [12]. Yet, suspensions and expulsions are higher in boys and Black
and Hispanic children relative to their White peers [13,14]. The suspension and expulsion
of these young children both limit their educational opportunities in the short term and are
linked to long-term negative impacts on their social-emotional development and the risk
of permanent school dropout years later [15]. It is therefore critical to identify alternative
interventions to manage child behaviors in the classroom. Interventions implemented
within ECE programs and the systems that surround them, such as high-quality learning
programs and infant and early childhood mental health consultation, have demonstrated
success in improving outcomes for marginalized youth in multiple domains (e.g., social-
emotional, cognitive, and physical) [16-19].

Efforts to promote young children’s positive social-emotional development have
become even more critical post-COVID-19 [20,21]. The initial impact and sequelae of the
pandemic, including lockdowns, social isolation, and increased family stressors, have
contributed to a crisis in children’s mental health [22] that has persisted in the years post-
pandemic [23]. It is therefore imperative to provide ECE programs and teachers with the
knowledge and skills for teaching emotional regulation and other resiliency skills during
this post-pandemic period [17,24,25].

The COVID-19 pandemic also negatively impacted childcare centers, particularly in
poor counties that were epidemic hotspots, like Miami-Dade in Florida [26]. In 2020, a third
of Miami’s childcare centers permanently closed [27], which led to an urgent need to help
the remaining centers maintain high-quality care while adapting to critical safety require-
ments [28-30]. The Centers for Disease Control and Prevention (CDC) published public
health guidelines to improve physical safety, but these guidelines were costly, complex,
and frequently changing, leading to implementation barriers for many community-based
childcare centers. These additional job demands were among many stressors for early
childhood teachers during COVID-19 [31,32], in a profession where burnout and turnover
were already common [33]. Furthermore, there are negative outcomes for children when
teachers are stressed in ECE settings. For example, workplace stress is related to increased
conflict in teacher—child relationships [34], and teacher emotional health and well-being
are negatively associated with exclusionary practices [35]. It is therefore essential to sup-
port teachers and foster an environment at the center level that promotes growth during
stressful times.

Jump Start Plus COVID Support (JS+CS) [36] is an infant and early childhood mental
health consultation (IECMHC) program that adapted the Georgetown Model of IECMHC
for the COVID-19 pandemic [37,38]. Bronfenbrenner’s Bioecological Systems Theory serves
as the foundation for the Georgetown Model of IECMHC. According to this paradigm,
children develop within nested environmental systems, such as their families, schools,
and larger cultural contexts. The Georgetown Model employs multilevel interventions
(center, teacher, and child) that target systemic concerns rather than concentrating only on
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individual children [39,40]. This strategy, which has been modified for Jump Start, acknowl-
edges that difficult behaviors frequently result from external circumstances, including
poor teacher communication, difficulties at the center director level, and/or high teacher
turnover brought on by work-related stress. Multilevel interventions that focus on the
larger ecological system surrounding the child are therefore required [41]. Within the Jump
Start IECMHC model, the teacher’s skills and practices are the focus of the intervention as
a means to improve child outcomes. The goal of IECMHC is to increase teacher capacity
to manage challenging behaviors and promote social-emotional skills in children [42].
Master-level mental health consultants trained in IECMHC practices meet with teachers
on a weekly basis to help them address their professional development goals related to
promoting young children’s social competence [38]. There is a strong evidence-base for
the effectiveness of IECMHC for improving children’s social-emotional well-being [43]
and growing evidence that IECMHC promotes social-emotional learning in both children
and their teachers [44]. We expect that children with more behavioral problems will bene-
fit more from the intervention, as high-quality classroom practices offer greater benefits
for children with behavioral risk factors [45-47]. Yet, the mediating factors associated
with child outcomes have not been studied. A 2010 research synthesis called for a better
understanding of the extent to which teachers’ skills or classroom practices mediate the
relationship between mental health consultation interventions and child outcomes [48].
This information is crucial to understand, especially in the context of public health crises
such as COVID-19, so that interventions can be designed to support teachers in keeping
children safe.

The purpose of this study was to explore how JS+CS, an IECMHC program adapted
for public health crises like COVID-19, improved child social-emotional outcomes. JS+CS
was adapted by promoting self-care and improving coping strategies by teachers within
childcare centers to support children’s needs during a public health crisis (see Figure 1 for
program model overview) [36]. The theoretical underpinnings are based on the George-
town Model of IECMHC (REF). Based on this framework, we posit that improved child
psychosocial functioning (reduced internalizing/externalizing behaviors and increased
prosocial behaviors) will improve via improvements in teachers’ practices (e.g., use of
trauma-focused behavior management), self-efficacy in handling challenging behaviors
(attitudes), and beliefs (support from center directors) [38,49]. Thus we hypothesized that
JS+CS would lead to (1) improved child protective factors as measured by the overall
social-emotional protective factors on the Devereux Early Childhood Assessment (DECA;
comprising three subscales: initiative, attachment, and self-regulation), (2) reduced child
problem behaviors, (3) effects of JS+CS on child social-emotional and problem behaviors
being mediated by teacher classroom practices and teacher stress, and (4) problem be-
haviors moderating the relationship between JS+CS practices and child protective factors,
relative to an active control group and controlling for sociodemographic characteristics.
Our study aimed to answer the following research questions:

1. Was the teacher’s implementation of JS+CS practices effective in increasing children’s
protective factors over time, as mediated by teacher stress, teacher self-efficacy, and
classroom practices, relative to the active control?

2. Was the teacher’s implementation of JS+CS practices effective in decreasing children’s
problematic behaviors over time, as mediated by teacher stress, teacher self-efficacy,
and classroom practices, relative to the active control?

3. Towhat extent do child externalizing and internalizing behaviors at baseline moderate
the relationship between JS+CS practices and improvements in children’s protective
factors over time, relative to the active control?
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Figure 1. Program model overview.

2. Materials and Methods
2.1. Setting

This study took place in 30 ECE centers in South Florida, United States. The center
inclusion criteria were as follows: (1) have >50 children (>30 of whom are 18 months—
3 years old); (2) be located in the low-income census tract, with at least 50% of families
receiving childcare subsidies; (3) serve at least 60% Hispanic or 60% Non-Hispanic Black
families; (4) have directors, teachers, and parents who agree to participate; and (5) have no
prior enrollment in an early childhood mental health consultation program.

2.2. Participants

A total of 608 children and 190 teachers participated in this study (see Table 1 for
child demographics and Table 2 for teacher demographics). This study was approved by
the university’s Institutional Review Board (IRB) and is currently registered with Clinical-
Trials.gov (NCT05445518). The teacher participants and parents/guardians of the child
participants signed informed consent forms prior to participating.

Table 1. Child demographic characteristics by intervention group.

Characteristic JS+CS (n = 287) HC2 (n = 317) Total (N = 608) Test Statistic p-Value

Age (years)

Mean (SD) 3.59 (1.18) 3.34 (1.15) 3.46 (1.17) F(1, 606) = 7.37 0.007
Gender x2(1) =723 0.007

Female 160 (55.7%) 142 (44.8%) 302 (50.0%)

Male 127 (44.3%) 175 (55.2%) 302 (50.0%)
Race x2(5) = 13.25 0.021

White 206 (74.1%) 198 (64.5%) 404 (69.1%)

Black 48 (17.3%) 87 (28.3%) 135 (23.1%)

Native o o o

American 4 (1.4%) 4 (1.3%) 8 (1.4%)

Asian Pacific o o o

Islander 1(0.4%) 0 (0.0%) 1 (0.2%)

Multiracial 14 (5.0%) 9 (2.9%) 23 (3.9%)

Other 5(1.8%) 9 (2.9%) 14 (2.4%)
Ethnicity x2(4) = 20.62 <0.001

Hispanic 238 (83.8%) 217 (68.9%) 455 (76.0%)

Non-Hispanic o o o

White 11 (3.9%) 16 (5.1%) 27 (4.5%)

Non-Hispanic o o o

Black 24 (8.5%) 60 (19.0%) 84 (14.0%)

Haitian 7 (2.5%) 18 (5.7%) 25 (4.2%)

Other 4 (1.4%) 4 (1.3%) 8 (1.3%)
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Table 1. Cont.

Characteristic JS+CS (n = 287) HC2 (n =317) Total (N = 608) Test Statistic p-Value
English Proficiency x2(1) = 4.90 0.027
Yes 174 (61.5%) 218 (70.1%) 392 (66.0%)
No 109 (38.5%) 93 (29.9%) 202 (34.0%)
Primary Language x2(2) = 16.63 <0.001
English 90 (31.6%) 151 (47.6%) 241 (40.0%)
Spanish 194 (68.1%) 164 (51.7%) 358 (59.5%)
Creole 1 (0.4%) 2 (0.6%) 3 (0.5%)
Secondary Language x>(3) = 8.45 0.038
English 173 (65.5%) 149 (55.6%) 322 (60.5%)
Spanish 80 (30.3%) 95 (35.4%) 175 (32.9%)
Creole 8 (3.0%) 14 (5.2%) 22 (4.1%)
Other 3 (1.1%) 10 (3.7%) 13 (2.4%)
Note: Percentages for each characteristic are calculated within treatment groups. JS+CS = intervention group;
HC?2 = Healthy Caregivers-Healthy Children comparison group. Some categories may not sum to the total N due
to missing data.
Table 2. Teacher demographic characteristics by treatment group.
Characteristic JS+CS (n = 86) HC2 (n =104) Total (n = 190) Test Statistic p-Value
Age (years)
Mean (SD) 46.09 (12.58) 42.94 (13.67) 44.39 (13.24) F(1,184) =2.65 0.105
Gender x2(1) = 0.06 0.811
Female 84 (97.7%) 101 (97.1%) 185 (97.4%)
Male 2 (2.3%) 3 (2.9%) 5 (2.6%)
Race x2(4) =171 0.79
White 66 (76.7%) 74 (72.5%) 140 (74.5%)
Black 12 (14.0%) 21 (20.6%) 33 (17.6%)
Native American 1(1.2%) 1(1.0%) 2 (1.1%)
Multiracial 4 (4.7%) 3 (2.9%) 7 (3.7%)
Other 3 (3.5%) 3 (2.9%) 6 (3.2%)
Ethnicity x%(2) =10.03 0.007
Hispanic 76 (90.5%) 81 (77.9%) 157 (83.5%)
Non-Hispanic o o o
White 1(1.2%) 7 (6.7%) 8 (4.3%)
Non-Hispanic o o o
Black 3 (3.6%) 9 (8.7%) 12 (6.4%)
Haitian 0 (0.0%) 5 (4.8%) 5(2.7%)
Other 4 (4.8%) 2 (1.9%) 6 (3.2%)
English Proficiency x2(1) = 6.53 0.011
Yes 32 (37.2%) 57 (55.9%) 89 (47.3%)
No 54 (62.8%) 45 (44.1%) 99 (52.7%)
Secondary Language x>(3) = 6.74 0.081
English 48 (64.0%) 44 (51.2%) 92 (57.1%)
Spanish 21 (28.0%) 28 (32.6%) 49 (30.4%)
Creole 0 (0.0%) 6 (7.0%) 6 (3.7%)
Other 6 (8.0%) 8(9.3%) 14 (8.7%)
Education Level x2(7) = 6.86 0.443
Elementary or o o o
Less 0 (0.0%) 1(1.0%) 1(0.5%)
Some High School 2 (2.4%) 3 (2.9%) 5(2.7%)
High School/GED 16 (19.5%) 19 (18.4%) 35 (18.9%)
Technical o o o
Training 9 (11.0%) 4 (3.9%) 13 (7.0%)
Some College 15 (18.3%) 21 (20.4%) 36 (19.5%)
Associate Degree 8 (9.8%) 14 (13.6%) 22 (11.9%)
Bachelor’s Degree 25 (30.5%) 37 (35.9%) 62 (33.5%)
Graduate Degree 7 (8.5%) 4 (3.9%) 11 (5.9%)
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Table 2. Cont.

Characteristic JS+CS (n = 86) HC2 (n =104) Total (n = 190) Test Statistic p-Value
Professional Experience M (SD) M (SD) M (SD)
Years as Childcare 11.30 (10.18) 11.24 (8.40) 11.27 (9.17) F(1, 162) = 0.00 0.967
Professional
Years at Current Program 8.59 (8.75) 6.28 (7.01) 7.28 (7.87) F(1,139) =3.03 0.084
Children Enrolled in 13.39 (6.15) 12.13 (5.61) 12.70 (5.88) F(1,187) = 2.14 0.145
Classroom

Note: Percentages are calculated within intervention groups. JS+CS = intervention group; HC2 = comparison
group. Sample sizes vary by characteristic due to missing data.

2.3. Measures
2.3.1. Demographics

Parents completed a 33-item intake form that collected sociodemographic information
about themselves and their child. Child-specific items included age, gender, race, ethnicity,
English proficiency, preferred language, and health insurance coverage. Teachers completed
both an intake form and a classroom demographics form, which collected information
about themselves as early childcare professionals, the makeup of their classroom, and
suspension and expulsion practices.

2.3.2. Child Protective Factors

The Devereux Early Childhood Assessment (DECA) for Infants and Toddlers (DECA-
I/T) [50] and the DECA for Preschoolers, Second Edition (DECA-P2) [51], are validated,
reliable parent and teacher report measures of protective factors that promote resilience in
children ages 1 month through 5 years [52,53]. In this study, we focus on the teacher report
scale. These measures are standardized and norm-referenced. There are 36 items on the
DECA-I/T and 38 items on the DECA-P2 that are rated on a 5-point scale from “never” (0)
to “very frequently” (4). The measures yield three subscales: initiative (i.e., the ability to
use independent thoughts and actions to meet needs), self-regulation (i.e., the ability to
express emotions and behaviors in healthy ways), and attachment/relationships (i.e., a
mutual, strong, long-lasting relationship between children and significant adults). Example
items include “try to clean up after herself/himself”, “adjust to changes in routine”, and
“act happy when praised” (DECA-I/T), as well as “show an interest in learning new
things”, “show affection for familiar adults”, and “play well with others” (DECA-P2).
These measures yield subscale scores as well as a total protective factor (TPF) score. The
DECA measures have adequate internal consistency in English- and Spanish-speaking,
low-income, and diverse samples [54]. In this study, the internal consistency for the DECA
total protective factors scale was a = 0.975.

2.3.3. Child Externalizing and Internalizing Behaviors

The Strengths and Difficulties Questionnaire (SDQ) is a 25-item behavioral screening
measure for youth ages 2-17, with versions for 2—4-year-olds and 4-17-year-olds. The SDQ
has also shown promising reliability for 12-24-month-old children, though reliability was
better for externalizing than internalizing subscales [55]. There are both parent and teacher
report versions, and the teacher report is used for this study. Items are rated on a 3-point
Likert scale ranging from “not true” (0) to “somewhat true” (1) and “certainly true” (2). The
items are divided into five scales in the following domains: emotional symptoms, conduct
problems, hyperactivity /inattention, peer relationship problems, and prosocial behavior.
Example items include “Often loses temper” (conduct), “Helpful if someone is hurt, upset or
feeling ill” (prosocial), and “Many fears, easily scared” (emotional). The conduct problems
and hyperactivity /inattention scales are summed for an externalizing score; the emotional
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and peer problems scales are summed to create an internalizing score. Based on published
SDQ scoring categories, children’s scores for total problems, externalizing problems, and
internalizing problems were categorized as being within the normal, borderline, high, or
very high range. The SDQ has established validity and reliability [56]. In this study, the
internal consistency for the SDQ total problem scale was & = 0.860.

2.3.4. Teacher Implementation of JS+CS Model

The Health Environment Rating Scale-Classroom (HERS-C) is a 30 min classroom ob-
servation developed by the study investigators that measures the extent to which teachers
implement practices and policies within the classroom related to the JS+CS intervention
model. The observation comprises four domains: safety, behavioral supports, communica-
tion, and resiliency coping. These domains align with core national standards for health
and safety in ECE programs [57], map onto the JS+CS pillars, and allow for the measure-
ment of expected areas of change in the control centers’ obesity prevention intervention
(nutrition and physical activity). Items reflect key classroom practices such as the “number
of times children are taken outside for active play per 8 h day” and how often “high
sugar/high fat snacks such as chips, cake, pastry, doughnuts and ice cream are served”.
This measure is scored on a 7-point Likert scale rated from “little or no implementation”
(1) to “excellent implementation” (7). In this study, internal consistency of the HERS-C
subscales ranged from adequate to good, with Cronbach’s a coefficients of 0.62 for safety,
0.85 for behavior management, 0.71 for communication, and 0.70 for resiliency. All four
pillars were examined.

2.3.5. Teacher Self-Efficacy

The Teacher Opinion Survey is a 12-item self-report measure of teachers’ confidence
in their ability to manage challenging child behaviors [58]. Example items include “If a
student in my class became disruptive and noisy, I feel pretty sure that I'd know how
to respond effectively” and “I have enough training to deal with almost any classroom
situation”. It is rated on a Likert scale from “strongly disagree” (1) to “strongly agree” (5),
with higher scores representing higher perceptions of teachers’ confidence in managing
children’s behaviors. The total score for this measure in this study had adequate internal
consistency (x = 0.785).

The Brief Resilient Coping Scale is a 4-item measure of the tendency to cope with stress
in an adaptive manner, with demonstrated reliability and validity [59]. Representative
items include “I look for creative ways to alter difficult situations” and “Regardless of what
happens to me, I believe I can control my reaction to it”. Items are rated on a 5-point scale
from “does not describe me at all” (1) to “describes me very well” (5) and are summed to
identify low (4-13 points), medium (14-16 points), and high (17-20 points) resilient copers.
In this study, the internal consistency for the Brief Resilient Coping Scale was o« = 0.835.

2.3.6. Teacher Stress

The Everyday Stressors Index (ESI) is a 20-item measure of common life stressors such
as family, housing, transportation, and employment [60]. Items reflect experiences, for
example, “having too many responsibilities” and “not enough money for basic necessities,
such as clothing, housing, food, and health care”. The ESI has shown good reliability and
validity with low-income and Hispanic populations [61]. It is rated on a Likert scale from
“not bothered at all” (1) to “bothered a great deal” (4), with higher ratings indicating more
worry, upset, or bother from problems. There was also an option to select “don’t know” (0).
In this study, the internal consistency for the Everyday Stressors Index was « = 0.868.

The Child Care Worker Job Stress Inventory is a 51-item measure of workplace stress
for childcare center workers, with established reliability and validity [62]. This measure
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consists of three 17-item scales: job demands, job control, and job resources. The job
demand and job resource scales include questions that begin with the stem “How often do
the following things happen at work?” which includes “I have to work long hours” and “I
feel respected for the work that I do” and are rated on a Likert scale from “rarely/never”
(1) to “most of the time” (5). The job control scale items begin with the stem “How much
control do you have over the following things at work?” which includes “the types of
daily activities that you do” and are rated from “very little” (1) to “very much” (5). In
this study, internal consistency of the Childcare Worker Stress Inventory subscales was
excellent, with Cronbach’s a coefficients of 0.83 for job demands, 0.87 for job control, and
0.94 for job resources.

2.4. Procedures

Details of the study design and procedures have been described elsewhere [17], but
briefly, similar to [63], as the intervention is multilevel and center-wide, we randomly
assigned centers (N = 24) to one of two groups (intervention or attention control). In
cluster randomized controlled trials such as this, clusters (i.e., childcare centers) rather than
individuals are randomized to intervention or control groups, and outcomes are measured
on individuals within those clusters. The intervention group received the JS+CS program
(n =12). The attention control group (n = 12) was an active, time-matched group that
was placed in the HC2 [63] obesity prevention program, a program unrelated to JS+CS.
The implementation phase lasted approximately 14 weeks for both groups. Demographic
data and outcome measures were collected at baseline and immediately post-intervention
via paper surveys or an online database, REDCap [64], based on participant preference.
Virtual telepresence robots were utilized to complete classroom observational measures
(i.e., HERS-C).

2.4.1. Jump Start Plus COVID Support (JS+CS)

JS+CS is an IECMHC program modeled after Georgetown University’s IECMHC
model to improve children’s social, emotional, and behavioral development, prevent
behavioral challenges, and reduce suspension and expulsion. JS+CS incorporates Caring
for Our Children National Health and Safety Standards [57], CDC COVID-19 guidelines for
childcare centers [65], and evidence-based practices for building social competence in
children [66]. It is organized into four pillars: self-care, trauma-informed behavior support,
safety, and communication. It is delivered by mental health consultants at the program
(to directors), classroom (to teachers), and child (to parents) levels [36]. Given that the
pandemic led childcare centers to restrict visitors at times, consultations were applied in
a hybrid model, both in person and via virtual telepresence robotic consultation [63]. In
addition, teachers received multiple resources, including 24 infographics covering each of
the program’s four pillars.

2.4.2. Healthy Caregivers—Healthy Children (HC2)

HC2 is an existing, evidence-based obesity prevention program that targets childcare
centers’ nutrition and physical activity environments and has been delivered by mental
health consultants in settings similar to this study [67-69]. The HC2 toolkit is organized
around four program policies: (1) snack, which emphasizes serving fresh fruits, vegetables,
and whole grains over sweets and high-fat foods; (2) beverage, which involves offering
low-fat or non-fat milk, limiting juice, and promoting water; (3) physical activity, which
encourages providing at least 90 min of physical activity daily; and (4) screen time, which
limits screen use to under 30 min per week. Like JS+CS, HC2 was implemented over
14 weeks with a minimum of one hour per week using the same multilevel approach
(program, classroom, and child), but was delivered by trained research assistants through
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in-person visits or virtual telepresence robots. Teachers received weekly lesson plans
tailored to each policy, along with Supplementary Materials (e.g., puppets, soccer balls,
and parachutes). Control centers received the same pre- and post-intervention measures
and incentives as the JS+CS sites to ensure retention.

2.5. Analysis

To evaluate the effectiveness of the JS+CS program compared to the HC2 control group,
we first conducted generalized estimating equation (GEE) analyses for each child outcome.
Seven outcome variables were examined, including four DECA subscales—total protective
factors, attachment/relationships, self-regulation, and initiative—and three SDQ subscales:
total difficulties and externalizing and internalizing problems. Each outcome was modeled
as a function of treatment group (JS+CS vs. HC2), time (baseline vs. follow-up), and
their interaction, adjusting for child age. Repeated measures were accounted for using an
exchangeable correlation structure, with child ID specified as the repeated subject. These
models allowed us to estimate the time-specific effects of J[S+CS and determine whether
outcomes improved more in the intervention group relative to the control group. We
used an intent-to-treat (ITT) approach that retained all participants with baseline data and
applied robust standard errors to mitigate potential biases. We also conducted sensitivity
analyses by comparing models restricted to complete cases to examine the robustness of
our findings.

To investigate potential mechanisms through which JS+CS exerts its effects, we imple-
mented a longitudinal mediation analysis using the GEE framework. For each of the seven
outcomes and ten proposed mediators (e.g., teacher stress, teacher efficacy, and classroom
practices), we conducted a three-step mediation procedure. Step 1 estimated the total effect
(Path C) of JS+CS on the outcome. Step 2 estimated the effect of JS+CS on the mediator
(Path A). Step 3 included both the treatment and the mediator to estimate the direct effect of
treatment (Path C’) and the mediator’s effect on the outcome (Path B). Indirect effects were
computed as the product of coefficients A x B, and standard errors were calculated using
the delta method. Mediation was classified as full, partial, or none based on the significance
of the indirect effect and comparison between total and direct effects. Full mediation
was defined as a statistically significant indirect effect accompanied by a non-significant
direct effect (Path C’), indicating that the mediator fully explains the treatment-outcome
relationship. Partial mediation was defined as both the indirect and direct effects being
significant, suggesting that the mediator accounts for part, but not all, of the intervention’s
effect. This longitudinal GEE approach leveraged the repeated measures design to account
for within-subject correlations and produce population-averaged estimates.

In parallel, we conducted a change score-based mediation analysis using linear re-
gression models to examine how changes in mediators contributed to changes in child
outcomes (See Figure 2). For each outcome-mediator pair, we computed difference scores
from baseline until follow-up. We then estimated Path A (effect of JS+CS on change in the
mediator), Path B (effect of mediator change on outcome change, controlling for treatment),
and Path C (total effect of JS+CS on outcome change). Indirect effects were calculated as
the product of treatment — mediator and mediator — outcome paths.

Significance was determined via Z-tests, and mediation was classified as full, partial,
or none depending on whether indirect and/or direct effects were statistically significant.
The same definitions of full and partial mediation were applied: full mediation required a
significant indirect effect and a non-significant direct effect, while partial mediation required
both paths to be significant. This approach provides a straightforward interpretation of
change over time, directly focusing on pre—post differences attributable to the intervention.
The GEE method leveraged repeated measures for robust population-averaged estimates,
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while the change score method isolated treatment-driven within-subject differences. Results
from both approaches were compared to ensure consistency and to enhance the validity of
conclusions regarding mediation.

Mediator

Intervefition Child Mutcome
(JumpStart+ vs. HCZ) (e.g., Social"Emetional Skill)
c'

Figure 2. Conceptual mediation model for JS+CS analysis.

We also examined potential moderation by baseline SDQ risk categories by including
three-way interactions (e.g., treatment x time x SDQ category), with SDQ total, externaliz-
ing, and internalizing classifications included as moderators in separate models.

All models reported parameter estimates, robust standard errors, p-values, and 95%
confidence intervals. All statistical analyses were conducted using SAS (version 9.4), with
supplemental data cleaning, visualization, and descriptive statistics conducted in R (version
4.4.2) using the base, Hmisc, dplyr, tidyr, Ime4, and emmeans packages [70-74].

3. Results
3.1. Effectiveness of [S+CS

Analysis of the data revealed several significant findings regarding the treatment
groups and changes over time (See Table 3). Although children were randomized to in-
tervention conditions at the childcare center level, teacher reports indicated significant
differences in protective factors and problem behaviors between intervention groups. Chil-
dren in the JS+CS group were rated by teachers as demonstrating significantly lower
protective factors on the DECA compared to the HC2 group, indicating worse overall pro-
tective factors (3 = —5.3576, p < 0.0001), attachment/relationships (3 = —2.4879, p < 0.0001),
self-regulation ( = —4.1818, p < 0.0001), and initiative ( = —6.5743, p < 0.0001). Addition-
ally, the JS+CS group exhibited significantly higher SDQ total problems (estimate = 2.0777,
p < 0.0001) and externalizing scores (estimate = 1.6939, p < 0.0001) relative to the HC2
group, reflecting more problematic behavioral concerns as perceived by their teachers.
However, no significant difference was observed between groups on SDQ internalizing
scores (3 = 0.3805, p = 0.0901).

As it relates to within-subject changes over time, both children in the JS+CS and
HC2 groups demonstrate significant improvements in DECA attachment/relationships
scores (3 = 3.8329, p < 0.0001), and total protective factors (3 = 1.9311, p = 0.0309) were
observed from baseline to follow-up. Other DECA subscales did not show significant
changes over the study period. Further, there were no significant changes over time in
teacher perceptions of children’s problem behaviors as measured by the SDQ.
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Table 3. Child outcome measures by intervention condition at baseline and follow-up.

JS+CS HC2

(Intervention) (Comparison) Effect Estimate Std. Error p-Value
Baseline Follow-Up Baseline Follow-Up
(N = 304) (N = 304) (N = 367) (N = 367)
DECA Total Protective
Factors
Mean (SD) 51.5 (10.7) 53.1(10.1) 55.6 (12.5) 57.1 (10.5) Treatment (JS+CS)  —5.3576 1.065 <0.0001
Missing 82 (27.0%) 104 (34.2%) 137 (37.3%) 213 (58.0%) &mga(:e‘ﬁ;‘:;’“p 1.9311 0.8948 0.0309
Interaction (JS+CS
« Follow.Up) 0.199 1.2054 0.8689
DECA Attach-
ment/Relationships
Mean (SD) 493 (11.2) 51.8 (9.58) 50.5 (11.9) 53.7 (10.5) Treatment (JS+CS) ~ —2.4879 0.9724 0.0105
Missing 67 (22.0%) 90 (29.6%) 116 (31.6%) 187 (51.0%) \T,;mga(si‘fili‘;‘)"ﬂp 3.8329 0.818 <0.0001
Interaction (JS+CS
* Follow.Up) —0.864 1.1522 04533
DECA Self-Regulation
Mean (SD) 52.8 (10.6) 52.9 (10.1) 56.2 (11.9) 56.0 (10.6) Treatment (JS+CS) ~ —4.1818 1.0208 <0.0001
Missing 64 (21.1%) 88 (28.9%) 126 (34.3%) 192 (52.3%) \Tllsmgai ‘fﬂl‘;‘)"”p 0.3181 0.8269 0.7004
Interaction (JS+CS
« Follow-Up) 0.1974 11162 0.859%
DECA Initiative
Mean (SD) 51.2 (10.9) 53.4 (10.7) 56.7 (12.0) 56.7 (10.5) Treatment (JS+CS)  —6.5743 1.0586 <0.0001
Missing 70 (23.0%) 91 (29.9%) 119 (32.4%) 196 (53.4%) E;mga(si ‘f.ll:\‘;‘)"'Up 0.606 0.8869 0.4945
Interaction (JS+CS
« Follow-Up) 1.9162 1.1374 0.0921
SDQ Total Problems
Mean (SD) 7.99 (5.89) 7.79 (5.95) 6.65 (6.18) 5.85 (5.87) Treatment (JS+CS)  2.0777 05232 <0.0001
Missing 74 (24.3%) 88 (28.9%) 101 (27.5%) 181 (49.3%) ‘T];mBea(si‘ﬁL‘;‘;V'Up —04308 04098 0.2932
Interaction (JS+CS
« Follow-Up) —0.0408 0.5574 0.9416
SDQ Externalizing
Mean (SD) 5.36 (4.25) 5.18 (4.08) 413 (4.07) 3.69 (3.86) Treatment JS+CS)  1.6939 0.3659 <0.0001
Missing 74 (24.3%) 88 (28.9%) 101 (27.5%) 181 (49.3%) E;mga(i‘ﬁi‘;“)"'tjp ~0.1869 0.289 0.5178
Interaction (JS+CS -
« Follow-Up) 0.2006 0.3936 0.6102
SDQ Internalizing
Mean (SD) 2.63 (2.57) 2.62 (2.51) 2.53 (2.69) 2.16 (2.60) Treatment JS+CS)  0.3805 0.2245 0.0901
Missing 74 (24.3%) 88 (28.9%) 101 (27.5%) 181 (49.3%) E;mga(si‘ﬁ;"e‘)v'Up 02309 01903 0.225
Interaction JS+CS ;59 0.2568 0.5433

x Follow-Up)

Note: DECA = Devereux Early Childhood Assessment; SDQ = Strengths and Difficulties Questionnaire. Higher
scores on DECA scales indicate more positive developmental outcomes; higher scores on SDQ scales indicate
more problematic behaviors. Statistical effects are derived from mixed-effects models.

No significant treatment X time interaction effects were detected for any outcome
measures. This finding suggests that while overall improvements occurred in some child
domains (particularly attachment/relationships), the pattern of change over time was
similar for both the J[S+CS and HC2 groups, with neither group showing differential rates
of improvement.

3.2. Mediator Analyses

Seventy mediation models were tested (see Supplementary Table S1). These models
were pre-specified based on the JS+CS conceptual framework, and we hypothesized that
multiple teacher-level factors (e.g., stress, self-efficacy, and classroom practices) could
independently mediate different child social-emotional outcomes. We used a theory-
driven approach to examine all plausible intervention mechanisms, rather than exploratory
or data-driven analysis. To enhance clarity and support interpretation, Figure 3 provides a
consolidated visual summary of the key mediation pathways identified across all models.
These pathways illustrate the extent to which teacher perceptions and observed practices
explained the relationship between JS+CS and various child outcomes.
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Figure 3. Significant indirect effects of the J[S+CS intervention: combined mediation pathways from
generalized estimating equations and change score analyses.

Our analyses revealed that observed teacher safety practices within the classroom
significantly mediated the relationship between the JS+CS intervention and multiple child
outcomes in the intended direction. Teacher safety practices fully mediated the relationship
between JS+CS and teacher perceptions of children’s attachment/relationships (Z = 1.818).
Specifically, JS+CS had a significant positive association with teachers” observed safety
practices within classrooms, which in turn increased teachers’ ratings of children’s attach-
ment/relationships. Teacher safety practices also partially mediated the relationships be-
tween JS+CS and teacher perceptions of children’s initiative (Z = 1.652) and self-regulation
(Z = 1.780). The JS+CS intervention positively influenced safety practices, which subse-
quently led to improvements in these developmental domains. Similarly, teacher safety
practices partially mediated the relationship between JS+CS and teacher perceptions of
children’s overall resilience as measured by the DECA total protective factors (Z = 1.973).
JS+CS significantly improved observed teacher safety practices within classrooms, which
in turn enhanced teachers’ ratings of children’s overall resilience.

Beyond resilience, teacher safety practices partially mediated the relationship between
JS+CS and teacher ratings of children’s externalizing behaviors (Z = —1.699). The JS+CS
intervention had a positive impact on observed teacher practices related to safety envi-
ronments (e.g., COVID-19 protocols and self-regulation spaces for children), and these
improved safety environments reduced teachers’ ratings of children’s externalizing behav-
ior problems.

Our mediator analyses also revealed several significant mediational pathways between
the JS+CS intervention and child outcomes in unintended directions. The mediational
effects primarily operated through classroom-level factors, particularly teacher efficacy and
job demands.

Teacher efficacy emerged as the most consistent and powerful mediator across mul-
tiple outcome domains. The JS+CS intervention was associated with decreased teacher
efficacy, which in turn predicted lower scores on all DECA subscales, including attach-
ment/relationships (Z = —3.777), initiative (Z = —3.622), self-regulation (Z = —3.576), and
total protective factors (Z = —3.718). Conversely, this reduced teacher efficacy was linked to
increased behavioral problems as measured by the SDQ, including externalizing problems
(Z =2.916), internalizing problems (Z = 3.004), and total problems (Z = 3.155).
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Childcare worker job demands represented another significant mediational path-
way. The JS+CS intervention was associated with increased job demands, which subse-
quently predicted decreased scores on attachment/relationships (Z = —2.115), initiative (Z
= —1.659), self-regulation (Z = —1.902), and total protective factors (Z = —2.005). Addition-
ally, increased job demands were associated with higher levels of externalizing (Z = 1.553)
and total behavior problems (Z = 1.605).

Significant partial mediation was observed across several models, including teachers’
reported use of adaptive coping strategies or resilience. For child initiative, the indirect
effect through teacher resilience was significant, indicating that lower teacher resilience in
the JS+CS group partially explained reduced child initiative (Z = —2.086), self-regulation
(Z = —1.805), and total protective factors (Z = —1.607).

Teacher-observed behavior management practices (HERS-C) partially mediated the
effects between JS+CS and child self-regulation, total protective factors, and externalizing
behaviors. The JS+CS intervention was associated with decreased teacher-observed be-
havior management practices, which subsequently predicted decreased scores on child
self-regulation (Z = —1.820) and total protective factors (Z = —1.758) and higher levels of
externalizing behavior problems (Z = 1.572).

No other teacher practices, beliefs, or stress mediated the relationship between JS+CS
and child outcomes.

3.3. Mediation Analysis: Change Score Models

Among the seventy models tested (see Supplementary Table S2), five demonstrated sig-
nificant mediation, indicating that changes in specific teacher-related factors explained the
impact of the intervention on child emotional and behavioral improvements (see Figure 3).
Notably, improvements in teachers’ perceptions of their own behavioral support fully me-
diated the intervention’s effect on increasing child protective factors (indirect effect = 1.739;
SE =0.725; Z = 2.40; p = 0.017), even though the overall treatment effect was not significant.
Similarly, teacher ratings of the child’s resiliency mediated the impact on protective factors
(indirect effect = —1.161; SE = 0.590; Z = —1.97; p = 0.049), also with full mediation. For
children’s social relationship strengths, the indirect pathway through increased teacher
behavioral support was again significant (indirect effect = 1.793; SE = 0.728; Z = 2.46;
p = 0.014), reflecting partial mediation. Likewise, for internalizing behavior (emotional
distress), changes in teacher-reported behavior and resiliency explained a portion of the
intervention’s effect (indirect effects = 1.361 and —1.294, respectively, p < 0.05), indicating
partial mediation. In contrast, variables such as teacher self-efficacy, teacher stress, and
workplace resources or control were not significant mediators in any models.

While most mediators demonstrated consistent effects across both analytic methods,
two outcomes, self-regulation and protective factors via behavior support, showed discrep-
ancies between the GEE and change score mediation analyses. Figure 3 serves as a visual
synthesis of all 70 mediation models presented in Supplementary Table S1. This figure was
designed to highlight the most robust and theoretically meaningful mediation pathways to
help readers navigate the complexity of the findings.

In the GEE-based longitudinal models, behavior support was not a statistically sig-
nificant mediator for either outcome, with indirect effects that were negative and non-
significant (self-regulation: indirect effect = —0.345, SE = 0.189, and p = 0.069; protective
factors: indirect effect = —0.323, SE = 0.184, and p = 0.078). In contrast, the change score
analyses revealed significant positive mediation for both outcomes (self-regulation: Indirect
effect = 1.793, SE = 0.728, and p = 0.014; protective factors: indirect effect = 1.739, SE = 0.725,
and p = 0.017), suggesting that increases in teacher-rated behavior support from baseline
until follow-up were associated with improvements in children’s developmental outcomes.
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These inconsistencies may reflect methodological differences between the approaches,
with GEE models capturing population-averaged effects across timepoints, while change
score models isolate within-person changes over time. The divergent findings suggest that
although population-level effects of behavior support were modest, individual-level im-
provements in behavior support may play a meaningful role in enhancing child outcomes.

3.4. Moderator Analyses

Teacher-reported problematic child behaviors were evaluated as potential moderators
of JS+CS intervention effects on children’s protective factors (see Supplementary Table
S3 for comprehensive results). Teacher perceptions of children’s total problem behaviors
(B =2.59, SE =1.26, p = 0.04; see Figure 4) and children’s internalizing behaviors (3 = 3.17,
SE =1.27, p = 0.01; see Figure 5) significantly moderated the relationship between JS+CS
and improvements in children’s DECA initiative outcomes. No other teacher-reported
problematic child behaviors significantly moderated the relationship between JS+CS and
improvements in other DECA outcomes (i.e., attachment/relationships and self-regulation).
Additionally, we conducted moderator analyses to explore whether the effects of JS+CS
varied by child gender, race/ethnicity, and language proficiency. No statistically significant
three-way interactions were observed in these subgroups.
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4. Discussion

The purpose of this study was to explore the impact of J5S+CS, an IECMHC program
adapted for public health crises like COVID-19, on child social-emotional outcomes in ECE
settings. Our primary aim was to determine whether JS+CS would improve child protective
factors and reduce problem behaviors, as well as to examine whether effects on child out-
comes were mediated by teacher stress, self-efficacy, and classroom practices. Additionally,
we hypothesized that baseline child behaviors would moderate the relationship between
the intervention and outcomes, relative to an active control group. Mediation findings
suggested that classroom practices related to safety and behavior support may be critical
pathways through which JS+CS influences positive changes in children’s social-emotional
development. Findings, though modest, indicate that the J[S+CS approach—emphasizing re-
flective consultation and classroom-based support—may contribute to meaningful changes
in early learning environments, even amid implementation challenges and the ongoing
impact of the COVID-19 pandemic. Although there were limited between-group effects,
the results of this study offer several insights into the effectiveness of JS+CS, as well as
areas for further refinement.

4.1. Child Protective Factors Mediated by Teacher Stress, Classroom Practices, and Self-Efficacy

Teacher implementation of JS+CS practices had a positive effect on children’s pro-
tective factors over time, though the magnitude of the effect was modest. Mediation
analysis revealed that improvements in teacher practices, particularly those related to
classroom safety practices and behavior support, were key mechanisms through which the
intervention influenced child protective factors.

However, while these findings suggest that JS+CS has the potential to enhance social-
emotional development in children, the main effects on child outcomes of assignment to
the JS+CS intervention condition compared to the HC2 active control condition were not
observed. The limited between-group effects may be partially explained by the absence of
statistically significant group-by-time interaction effects, which suggests that improvements
in child outcomes occurred similarly across both JS+CS and HC2 conditions. This may
reflect a limitation in statistical power due to attrition and differential dropout at follow-up.
Alternatively, it is possible that both interventions, despite their differing emphases, had
similar impacts on child social-emotional development. Given that HC2, while focused
on physical health, also provided consistent support during a high-stress period, it may
have exerted beneficial effects that narrowed observable differences between groups. It
is possible that the initial differences in baseline characteristics between the two groups,
despite randomization at the center level, may have masked the impact of the intervention.
In addition, teachers in the J[S+CS centers may have had a heightened awareness of chil-
dren’s behavioral difficulties due to the program’s emphasis on mental health consultation,
thereby influencing their ratings. The reflective coaching approach employed in JS+CS may
have resulted in lower reported teacher self-efficacy, as consultants focused on fostering
insight and autonomy rather than providing directive strategies. Research shows that
teachers may overestimate their abilities relative to perceptions of their supervisors [75],
and therefore, follow-up assessments after reflective supervision may offer a more accurate
reflection of teachers’ classroom confidence. Additionally, teachers in the JS+CS condition
reported higher job demands, likely due to the intervention’s more intensive structure
and the time commitment required for consultation. In contrast, the HC2 intervention
included more structured lesson plans and was easier to implement, which may have
contributed to its relatively higher feasibility and lower burden on teachers. Given the
limited between-group effects, further refinements to the JS+CS intervention, such as a
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more structured, versus reflective, approach, may be needed to see more pronounced
effects on child outcomes.

4.2. Children’s Problematic Behaviors Mediated by Teacher Stress, Classroom Practices, and
Self-Efficacy

The study found that J[S+CS led to reductions in children’s externalizing behaviors over
time, which were mediated through changes in classroom safety practices. These mediation
results suggest that the JS+CS intervention has the potential to decrease problematic
behaviors by improving classroom safety strategies. However, the effect sizes were modest,
indicating that while there was a positive trend, the intervention may need to be adapted
to provide more continuous access to resources for teachers to achieve more significant
reductions in child behavior problems. For example, a mobile application that offers
access to ongoing resources with quick accessibility may be more effective in reducing job
demands [76].

Another consideration is the differential focus of the two interventions. Even though
the JS+CS intervention and HC2 are designed to have differential outcomes, other studies
have found that pediatric nutrition and physical wellness interventions for young children
can also have a benefit on children’s psychosocial outcomes [77]. While JS+CS centered on
social-emotional learning and mental health consultation, HC2 targeted physical health
behaviors, such as nutrition and physical activity, which have also been linked to cognitive
and behavioral benefits [69].

Timing may have also played a role. The JS+CS and HC2 interventions were delivered
during the COVID-19 pandemic, a period in which any form of professional support may
have been perceived as particularly valuable. The HC2 model may have been equally
effective as JS+CS in supporting teacher behaviors during the pandemic, and this indirectly
benefited children’s socio-emotional outcomes, regardless of its primary nutrition and
wellness focus.

4.3. Children’s Protective Factors Moderated by Children’s Externalizing and
Internalizing Behaviors

Some child baseline problem behaviors moderated the relationship between JS+CS im-
plementation and improvements in child social-emotional protective factors. For children
exhibiting higher levels of internalizing behaviors at baseline, assignment to the JS+CS
intervention condition increased scores on initiative compared to children with similar
levels of problem behaviors in the HC2 control group. For children who exhibited lower
levels of total problem scores, JS+CS increased children’s initiative compared to children
with similar levels of total problem scores in the HC2 control condition. Teachers in JS+CS,
compared to teachers in HC2, were able to more effectively utilize the intervention strate-
gies to improve social-emotional outcomes in children who started with higher levels of
internalizing problem behaviors. This suggests that JS+CS may be particularly beneficial
for children who are at greater risk for developmental delays in social-emotional skills.
However, even in these cases, the effect sizes remained modest, suggesting that while the
intervention holds promise for children with more pronounced behavioral challenges, addi-
tional support or intensified interventions may be necessary for larger and more consistent
outcomes. It is also important to note that baseline levels of behavior problems were rela-
tively low across the sample, possibly limiting the potential for observable improvements.
In addition, the DECA measure may show natural improvement over time as children
mature and adapt to classroom environments, and it therefore may not be reflective of the
intervention outcomes.
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4.4. Limitations

Several limitations should be considered when interpreting these findings. While
childcare sites were randomized, teachers in the JS+CS condition rated children as exhibit-
ing more behavioral challenges and fewer protective factors at baseline, which may have
influenced the results despite rigorous analytic controls. Future studies should examine
additional baseline characteristics to determine potential confounding factors. Addition-
ally, missing data was relatively high—a common issue in community-based effectiveness
trials—but intent-to-treat analyses were used to retain as much data as possible. It is also
important to acknowledge that teacher-reported measures may pose potential biases, as
reflected in the literature [78]. We would also use caution in generalizing the findings
outside of Miami-Dade County.

Another important consideration is the potency of the active control condition. HC2
may have been more effective than anticipated, especially during the COVID-19 pandemic,
providing meaningful support that narrowed the gap between groups. Consultant turnover
was also more pronounced in JS+CS, potentially impacting the consistency and quality of
intervention delivery. Finally, long-term follow-ups are needed to assess whether JS+CS
may yield delayed benefits that were not captured within this study’s timeframe.

4.5. Future Directions

Despite these challenges, JS+CS still demonstrated value in specific domains, and
the findings offer direction for future iterations of research. As the field moves into the
post-pandemic era, future work should explore how to deliver JS+CS in a way that reduces
teacher burden and maintains implementation fidelity, potentially through more stream-
lined or app-based models. Examining center-level outcomes may also help elucidate how
contextual factors influence teacher—child dynamics. Additionally, future studies should
explore subgroup effects in greater depth to determine whether specific populations, such
as children of different racial/ethnic backgrounds, gender identities, or baseline symptom
levels, benefit differentially from the JS+CS intervention. It will also be critical to inves-
tigate whether JS+CS yields stronger outcomes in non-pandemic conditions, as earlier
studies [79] suggested more promising results. Finally, future studies should examine
how fidelity moderates program impact and assess whether observed trends persist or
evolve over longer-term follow-ups. Given multiple significant relationships between
teacher factors and child outcomes, these outcomes can inform state and federal policies by
reinforcing the need to fund and scale ECMHC services within childcare center licensing
regulations. Policymakers could leverage JS+CS as a model to support legislation that re-
quires or incentivizes access to mental health consultation in childcare centers, particularly
in under-resourced and high-risk communities, as a means to promote equity and reduce
disproportionality in early childhood disciplines.

5. Conclusions

These findings highlight the complexity of implementing mental health interventions
in ECE settings, particularly in the aftermath of a public health crisis. Despite the modest
effect sizes, the mediation results provide a promising indication that teacher practices,
particularly safety and behavior supports, are key pathways through which the JS+CS
intervention positively impacted child social-emotional development. Both JS+CS and HC2
resulted in some improvements in certain social-emotional outcomes, underscoring the
potential of these interventions in enhancing children’s well-being. Future research should
explore hybrid approaches that integrate both social-emotional learning and physical
health promotion to create more comprehensive support systems for young children.
Providing more robust professional development, ongoing coaching, and continuous access
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to resources may help educators manage their own well-being while fostering positive
child outcomes. The promising mediation results suggest that with continued refinement
and support, interventions like JS+CS have the potential to create lasting improvements in
both teacher practices and child social-emotional development.
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Abstract: Background/Objectives: Preschool children from low-income, ethnically diverse
communities face disproportionate rates of behavioral challenges and early expulsion from
early care and education (ECE) programs. This study evaluated the efficacy, feasibility,
and utility of Jump Start on the Go (JS Go), a bilingual, Al-enabled mobile application. JS
Go is designed to deliver a 14-week early childhood mental health consultation model in
under-resourced ECE settings. Methods: This mixed-methods study compared JS Go to
the standard in-person Jump Start (JS) program. Participants included 28 teachers and
114 children from six centers (three JS Go, three JS). Quantitative measures assessed teacher
classroom practices and child psychosocial outcomes at baseline and post-intervention. App
usability and acceptability were only evaluated post-intervention. Seven semi-structured
interviews were conducted post-intervention with JS Go directors/teachers to assess the
app’s feasibility for implementing the four program pillars: safety, behavior support,
self-care, and communication. Results: ]S Go was more effective than JS in promoting
teacher classroom practices related to behavior support and resiliency. Both programs were
similar in improving children’s protective factors and reducing internalizing behaviors,
with consistent effects across English and Spanish-speaking children. Teachers rated the JS
Go app with high acceptability, though predicted future usage showed greater variability.
Rapid qualitative analysis showed that participants found the app easy to use, frequently
accessed its resources, and considered it helpful for reinforcing key strategies across the
four program pillars. Conclusions: JS Go is a novel approach to providing mental health
consultation. It represents a promising mobile adaptation of the established ]S consultation
model, with important implications for future practice and research.

Keywords: childcare; mental health consultation; mobile health; artificial intelligence;
young children; classroom practices; mobile childcare app

1. Introduction

Early care and education (ECE) programs play a vital role in the health and develop-
ment of young children [1,2]. Children living in low-income communities are more likely
to exhibit behavioral challenges within ECE programs [3]. Preschool children who exhibit
challenging behaviors are suspended and expelled from ECE programs at three times the
rate of children in K-12 schools [4], and rates are disproportionately higher for males who
are ethnic minorities [5]. Research suggests that Infant and Early Childhood Mental Health
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Consultation (IECMHC) is one way to address challenging behaviors before they get to
the point where children are expelled from preschool [6]. Yet, there are limited resources
and a lack of a mental health consultation infrastructure within ECE centers to support this
need [7].

To address challenging behaviors, ECE teachers need tools and skills that support the
development of prosocial behaviors. Skilled teachers, working in partnership with families,
play a central role in building children’s social-emotional competencies and shaping long-
term developmental outcomes. IECMHC provides ECE teachers with consultation geared
towards helping them identify attitudes, beliefs, practices, and conditions that promote
a quality classroom environment that supports prosocial skills. The Jump Start (JS) Early
Childhood Consultation is a program that uses IECMHC [8]. The program emphasizes
collaboration and equal partnership with early learning program directors, recognizing
their expertise and leadership in supporting young children. The ]S program aims to
increase the capacity of all ECE providers (i.e., family childcare homes and childcare
centers) to address young children’s needs, reduce challenging behaviors that increase
risk for preschool expulsion, and alleviate teachers’ job-related stress, ultimately creating a
positive impact for young children [7]. Traditionally, the program uses a toolkit to provide
centers with psychosocial coping strategies to boost resilience. The toolkit is organized
around four program pillars: two are psychosocial (Self-Care, Trauma-Informed Behavior
Support) and two are safety-related (Safety, Communication). All materials are in English
and Spanish to support the linguistic needs of Miami-Dade County. Despite the existence of
effective resources such as JS IECMHC, teachers often struggle to access or implement them
due to staffing shortages, time constraints, or lack of awareness of available services [9-11].
A scalable, multi-level strategy that is easily accessible is urgently needed to support
teachers in addressing child behavior challenges.

Mobile app technology has become very prevalent over the years and may increase the
uptake of IECMHC practices by offering just-in-time, on-demand learning [12]. Most exist-
ing child development apps target K-12 populations, prioritize behavioral treatment over
preventive efforts, and focus on a single level of intervention, such as the caregiver [13-15].
However, mobile apps are also becoming an increasingly common mechanism for provid-
ing support to teachers and staff in ECE programs [16]. For example, one study reviewed
43 apps designed for children’s health across iOS and Google Play. Researchers found
that these apps often aimed to support chronic illness management, foster age-appropriate
engagement, and ensure digital health safety. Their study highlighted the importance of
designing apps for dual use by children and caregivers, aligning with the broader goals
of empowering families and improving access to health interventions [17]. Another study
investigated the use of a functional behavior support app with teachers who work with
children exhibiting challenging behaviors by helping them develop a behavior support
plan. At baseline, teachers showed infrequent use of support strategies with both their
target students and the broader classroom. Following the development of behavior support
plans via the app, results showed some teachers demonstrated immediate increases in
strategy use, while others showed more variable implementation patterns [18].

Despite the promise of digital tools, no existing apps provide real-time, culturally
responsive mental health consultation tailored to the daily realities of ECE teachers, partic-
ularly in under-resourced, linguistically diverse settings. To address this gap, this project
represents the first known effort to translate a gold-standard, community-based IECMHC
program into a bilingual, Al-enabled mobile app tailored for ECE teachers [19,20]. Building
on the success of the in-person JS model and in response to an urgent need for accessible,
low-burden support tools, Jump Start on the Go (JS Go) was developed. The JS Go app
extends the program’s reach by delivering evidence-based content in a digital format with
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an Artificial Intelligence (Al) chatbot feature. While traditional IECMHC models are limited
by consultant availability, JS Go offers 24/7 access to dynamic, evidence-based content
through an integrated platform combining Al, videos, and infographics. Al serves as a
digital assistant, delivering real-time, tailored guidance to teachers based on classroom
dynamics, reducing intervention delays from days to seconds. JS Go reimagines public-
health approaches to mental health consultation by creating a scalable, sustainable model
that could transform national access to critical child mental health supports with reduced
staffing of traditional approaches.

The purpose of this study was to assess the efficacy, feasibility, and utility of the
JS Go mental health intervention delivered via a mobile application as compared to the
control group, Jump Start traditional in-person delivery. It was hypothesized that JS Go
would be as effective as the traditional Jump Start program. Specifically, the evaluation
aimed to answer the following questions: Does the JS Go mobile application improve
child psychosocial outcomes, reduce child challenging behaviors, and enhance teacher
well-being and classroom practices, in line with the traditional Jump Start in-person con-
sultation model? Does JS Go enhance teacher well-being and classroom practices, in line
with the traditional Jump Start in-person consultation model? Was ]S Go a useful and
acceptable consultation mechanism, and how well was the platform received by teachers?
Feasibility was examined through qualitative interviews with directors and teachers to
identify implementation barriers and facilitators in real-world ECE settings. JS Go efficacy
was evaluated by comparing teacher and child outcomes between the intervention and the
standard Jump Start center. Together, these research questions provide a comprehensive
examination of a novel mobile application approach to delivering early childhood mental
health consultation in real-world ECE settings.

2. Materials and Methods
2.1. Participants

The University of Miami’s Institutional Review Board approved this study (IRB study
number 20231026), and it is currently registered with ClinicalTrials.gov (NCT06374550).
Participants were recruited through the ECE programs, and this included ECE directors and
teachers, and parent-child dyads. Six ECEs were randomly selected from a pool of 28 ECEs
that met the following criteria: (1) have >30 children ages 2-to-5; (2) serve low-income
families; (2) reflect the ethnic diversity of the Miami-Dade County Public School System
(60% Hispanic, 20% Non-Hispanic Black, 20% Non-Hispanic White); and (3) have teachers
who agree to participate. Parents, teachers, and directors were recruited within the ECEs
that were enrolled in this study. To be included, parents, teachers, and directors had to
meet the following criteria: (1) must speak English, Spanish, or Creole; (2) must have a
child enrolled in the ECE that is participating in this study; and (3) children ages 2-5. The
exclusion criteria consisted of any participants who did not speak English, Spanish, or
Creole. Participants who agreed to participate completed the informed consent process,
whereas the parents/legal guardians completed the informed consent for children enrolled
in this study. In accordance with ethical research practices and as per the University of
Miami (UM) Institutional Review Board (IRB) requirements, study participation required
caregivers to provide written consent. No children were included who would require
assent, given that they were of preschool age.

2.2. Procedures

This was a mixed-methods, quasi-experimental matched-controlled study to assess
the efficacy of the Al-enhanced digital IECMHC plus human consultation model, JS Go,
relative to the traditional JS model (human consultation only). The consultation model
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was assigned at the childcare center level. Therefore, teachers and children either received
the JS Go or the JS intervention at their childcare center. Participants were assessed
at pre-intervention/baseline and at post-intervention. Participants received $20 for the
baseline assessments and $30 for the post assessments. Teachers completed assessments
about themselves and their children, while parents completed assessments about the
sociodemographic characteristics of their children. Teachers completed the measures
via the JS Go application, which has an applied programming interface with Research
Electronic Data Capture (REDCap) [21]. Parents completed the measures via REDCap
through email and public hyperlinks. All data were stored in the REDCap system, a secure,
web-based application designed exclusively to support data capture for research studies.

Matching for the current study occurred at the child level. Children enrolled in JS Go
were matched with children in a previously conducted JS research trial [22]. Children in
the JS group (n = 87) were first excluded from the matching process if they were missing
both baseline teacher-reported assessments: (1) the Devereux Early Childhood Assessment
(DECA) and (2) the Strengths and Difficulties Questionnaire (SDQ) (n = 14). Of the remain-
ing children, an additional 16 were excluded for missing either the teacher-reported DECA
or SDQ) at baseline. This resulted in a final JS sample of 57 children, which aligned with the
JS Go sample (n = 57).

Beyond quantitative measures, directors (n = 3) and teachers (n = 4) within the JS
Go intervention completed semi-structured interviews immediately following the JS Go
intervention. An interview guide was developed (see Table 1) based on four domains of
the RE-AIM framework (effectiveness, adoption, implementation, and maintenance) to
explore the center staff’s experience with the JS Go app [23]. The same interview guide
was used with both directors and teachers. Examples of questions included, “Tell me about
your experience with the JS Go program,” and “What do you need to maintain the JS Go
program, specifically using the app on a regular basis, and use of the strategies in your
center?” The bilingual mental health consultant (MHC) who implemented the intervention
and was previously trained on rapid qualitative analysis (RQA) conducted interviews in
participants’ preferred language using the Zoom videoconferencing platform. Interviews
lasted on average M = 31.9 min, SD = 11.6 min. All interviews were recorded via Zoom
and securely transferred to a HIPAA-compliant university cloud storage system. The MHC
downloaded and reviewed the audio files generated by Zoom to ensure accuracy. All
interviews were conducted in Spanish and transcribed by the MHC using Microsoft Word
Online’s transcription feature. All transcripts were analyzed in their original language.

Table 1. Qualitative Interview Guide for JS Go Directors and Teachers.

Q1: [Effectiveness and Implementation] Tell me about your experience with the JS

Go program?

a. How did the program help, if at all, you adopt JS Go practices?

b.  How are things different for you as a result of the program?

C. How confident do you feel about using reflective practices with teachers in
your program?

d.  What are some of the things that you have done, or will do, to use reflective
practices with your teachers?

Q2: [Effectiveness] How do you think parents can use the JS Go information?

a.  Was information shared with parents?
b.  What, if anything, did the parents learn?

Q3: [Effectiveness] Tell me how confident you feel in your role as the JS Go
director/teacher?
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Table 1. Cont.

Q4: [Effectiveness and Adoption] Tell me about your experience working with your
consultant around

a.  Using self-care strategies, such as creating a resiliency plan?
b.  Communicating with staff and families, such as having multiple modes
of communication?
C. Addressing racial equity topics such as not discriminating against someone by

race and/or including all races and cultures in the program/classroom?

Q5: [Implementation] Tell me about your experience implementing

a. Safety practices such as emergency procedures and policies?

b.  Behavioral supports to prevent challenging behavior and promote social
emotional development, such as peer social skills?

Q6: [Maintenance] What do you need to maintain the JS Go program, specifically using
the app on a regular basis, and use of the strategies in your center?

a.  What other resources for yourself and your staff?
b.  What other training for yourself and your staff?

Q7: [Maintenance] After reviewing the app’s gaming feature screenshots,

a.  What feedback do you have regarding the gaming screenshots?
b.  What additional features or changes would you suggest for the gaming feature?
c. How helpful can this app be for helping teachers sustain their use of JS

Go practices?

d.  How helpful can this app be for helping new teachers learn to use JS Go practices?
e.  What can facilitate the continuous usage of the app by the childcare center staff?
f. Any other comments, questions, or concerns you would like to share about

the app?

Q8: [Adoption] How interested would other staff in your center be in being a part of the
JS Go program/working with the mental health consultant and using the app on a
regular basis?

Q9: [Implementation] How well do you think your center is addressing the following:

a. Safety

b.  Behavior Supports
C. Self-Care

d. Communication

Q10: [Implementation] What strategies do you think you can use to continue making
improvements in

a. Safety

b.  Behavior Supports
C. Self-Care

d. Communication

2.2.1.JS Go Intervention

JS Go is an early childhood mental health consultation program that utilizes a hybrid
model combining an Al-enhanced mobile application with live mental health consultation.
The program is similarly built upon Georgetown University’s evidence-based Infant/Early
Childhood Mental Health Consultation (I/ECMHC) framework and encompasses the
same four fundamental pillars as the traditional JS model: (1) Safety, (2) Behavior Support,
(3) Self-Care, and (4) Communication [7,24].

The JS Go model implements a multi-level, multi-modal intervention that provides
(1) simplified multilingual video content in English and Spanish within an app, (2) per-
sonalized Al-driven guidance aligned with the JS Go curriculum, and (3) secure two-way
communication between teachers and consultants. The program was designed through a
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community-based participatory research approach, ensuring cultural and linguistic rele-
vance for diverse childcare center settings [20].

The JS Go intervention was implemented over 14 weeks, to match the duration of the
JS intervention. Participants received weekly one-hour live consultation sessions with men-
tal health consultants focusing on the four core pillars. In addition, the consultant modeled
how the teacher could utilize the JS Go app for ongoing support, education, and Al-driven
guidance between consultation sessions. The JS Go app includes three key components:
multimedia modules demonstrating implementation strategies, Al-augmented support
providing on-demand personalized guidance with safety protocols that escalate complex
needs to human consultants, and connected communication allowing secure messaging
between teachers and consultants with responses within one business day. The Al aug-
mented support chatbot of ]S Go was developed and trained as a retrieval-based model
in which teachers input questions or describe situations, the system matches these inputs
against a database of pre-approved responses, examples, and guidance from the Jump Start
curriculum. The Al system implements programmed boundaries that prevent responses
outside of the JS Go scope, particularly for crisis-level situations, and withholds responses
when confidence thresholds for accuracy are not met. Specifically, the Al includes safety
mechanisms that automatically escalate complex cases to human consultants, maintaining
expert oversight for critical situations.

This study consisted of implementing a toolkit which included (1) infographics with
key points, a reflective question, and applicable tips that pertain to intervention pillars (Self-
Care, Behavior Support, Safety, and Communication); and (2) how-to videos demonstrating
strategies for each pillar, such as resiliency-based coping ideas for teachers and directors.
Structure: The Action Plan is a standardized implementation protocol used by the MHC in
each consultation to (1) set the goal based on the pillar for the week, (2) provide strategies
for achieving the goals using infographics and “how to” videos located on the JS Go
app, (3) have teachers practice strategies while the consultant provides real-time feedback.
Approximately three weeks are devoted to each pillar before moving on to the next. The
order of pillar discussion was based on a tailored approach considering the areas of
need/weaknesses from each participant’s Health Environment Rating Scale (HERS) self-
assessment (measure discussed later) as well as a conversation with each participant
on their agreement with the proposed plan. Dose: the MHC provided 14 weeks of in-
person consultations for 1.5 h weekly per center. Classroom-level consultations occurred
individually and/or in a small group (two teachers) for 30 min per week, during nap time
at the center, to provide teachers with goals/strategies to adopt pillars into their daily
lives and manage challenging behaviors of specific children in the classroom. Examples
of goals/strategies include helping teachers develop a self-care plan to build resiliency
(beliefs) and use coping strategies (self-efficacy). Reflective consultation was facilitated
with the use of infographics and videos during the live sessions. For example, reflective
questions were asked about the infographics, and both videos and infographics were used
to start discussions about pillars and goals. Teachers were shown examples of how to
access and utilize the app and were assigned homework between consultations to utilize
the chat, review infographics, and watch videos.

The JS Go app served as the primary platform for accessing all toolkit components,
including infographics, videos, and an Al-powered chatbot called Avatar Buddy (see Fig-
ure 1). The app is a multilingual tool (available in English, Spanish, and Creole) designed to
provide IECMHC resources and evidence-based strategies aimed at reducing suspensions
and expulsions in early childhood education programs. Key app sections include (a) the
Home page for central navigation; (b) the Resources page, which houses 16 infographics on
IECMHC topics such as expulsions and suspensions, discipline, emergency planning, etc.

48



Children 2025, 12, 800

App users can apply specific filters to access content based on their preferred ECE setting
level (program/center, classroom, or child) and/or the JS pillars (safety, behavior support,
self-care, and communication); (c) the Videos page, which contains brief educational videos
aligned with infographic topics and filtered using the same logic; (d) the Journey page,
which serves as the secure login hub for survey completion; (e) the Providers page, offer-
ing information about JS community partners; and (f) the Support page, which features
the Al chatbot equipped to answer questions related to IECMHC topics in both English
and Spanish.

o
% Jump start SO

Safety ':‘::‘2::

uuuuuu

¢ 1 (B
Please do not enter any
personally identifiable
information (PIl) in the chat
dialogue. By proceeding, you
agree to these terms.

Por favor, no ingrese ninguna
informacién de identificacion
personal (Pll) en el didlogo del
chat. Al continuar, usted acepta
estos términos.

Tanpri pa antre okenn
enfomasyon pésonél ki ka
idantifye (PIl) nan dyalog chat la.
Lé w kontinye, w dako ak tém sa
yo.

Ask a question like: How can |
handle tantrums in the
classroom?

Haga una pregunta como:

Figure 1. JS Go User Interface.

2.2.2. Matched—-Control. Traditional Jump Start

The JS program is an early childhood mental health consultation initiative modeled
after Georgetown University’s evidence-based I/ECMHC framework. This model en-
compasses four fundamental pillars: (1) Safety, (2) Behavior Support, (3) Self-Care, and
(4) Communication [7,24]. JS is grounded in the Caring for Our Children-National-Health
and Safety Standards [25], complemented by CDC COVID-19 guidelines for childcare
centers [26], and evidence-based practices for enhancing children’s social competence [27].

The consultation model was implemented through weekly one-hour sessions over
a 14-week period, delivered by consultants utilizing telepresence robots. JS aimed to
(1) enhance children’s social, emotional, and behavioral development, and (2) prevent
and/or address behavioral challenges by strengthening the capacity of all caregivers (direc-
tors, teachers, parents/families), thereby reducing and preventing preschool suspensions
and expulsions.
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Each pillar of the JS model features a collection of 24 infographics (six per pillar)
tailored for classroom teachers. These infographics follow a standardized format with
three sections: (1) Reflect, (2) Inform, and (3) Practice. They serve as guides through the
consultative process, enabling childcare staff to reflect on their practices and collaboratively
develop personalized professional goals.

2.2.3. Consultant Training

The JS and ]S Go consultants were clinically trained early childhood mental health
professionals with supervision, many holding endorsements from a state infant mental
health association. Each consultant underwent extensive training in implementing the JS
program, including six virtual onboarding sessions: (1) introduction to Georgetown Uni-
versity’s I/ ECMHC/Jump Start model and its four pillars, (2) program-level observation
training, (3) classroom-level observation training, (4) curriculum infographic review, and
(5) exemplar consultation video analysis. ]S Go consultants received additional training in
how to integrate the use of the JS Go app within consultation services with teachers.

2.3. Measures
2.3.1. Sociodemographic Characteristics

Teacher demographic characteristics (e.g., age, gender, race, ethnicity, preferred lan-
guage, level of education, and years of experience in the ECE setting) were collected via the
JS demographic survey at pre-intervention only. Family characteristics (i.e., age, gender,
race, ethnicity, primary language spoken in the home, English proficiency) were measured
by the JS demographic survey at pre-intervention only.

2.3.2. Teacher Measures

The Health Environment Rating Scale-Classroom (HERS-C) is a 30-min observational
assessment developed by our study investigators and used to evaluate classroom imple-
mentation across four domains: safety, behavioral supports, communication, and resiliency
coping. These domains correspond to both national health and safety standards for early
childhood education programs and the four JS Go pillars [8,25]. HERS-C items assess core
classroom practices, such as “Classroom has safety guidelines and procedures for respond-
ing to crisis situations and adheres to CDC/DCF guidelines” and “Teacher shares behavior
expectations and classroom rules using positive language, praise, and redirection when
needed”. Observers rated implementation on a 7-point Likert scale ranging from “little
or no implementation” (1) to “excellent implementation” (7). The measure demonstrated
good internal consistency (« = 0.82) in this study, and all four domains were examined.

Teachers’ beliefs related to their job were measured by the Childcare Worker Job
Stress Inventory (CW]SI), which assesses three domains of workplace stress, including
job demands, resources, and control [28]. Each subscale is 17 items with responses rated
from “very little” (1) to “very much” (5). Sample items include “I feel like I have to be
a parent and a teacher to the children” (job demands), “I get praise from the parents
for the work that I do” (job resources), and “How much control do you have over the
number of children you care for?” (job control). Higher scores indicate greater perceived
control, resources, and job-related demands. The domains have strong internal consistency
and constructive validity and have been used effectively in prior JS research studies with
low-income children [29].

The Teacher Opinion Survey assessed teachers’ confidence in managing challenging
child behaviors [30]. This 12-item self-report measure uses a 5-point Likert scale from
“strongly disagree” (1) to “strongly agree” (5), with higher scores indicating greater con-
fidence. Sample items include, “If I keep trying, I can find some way to reach even the
most challenging child”, and “If a student in my class became disruptive and noisy;, I feel
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pretty sure that I would know how to respond effectively”. The total score demonstrated
adequate internal consistency (oc = 0.79).

The Brief Resilient Coping Scale was employed to measure teachers’ tendencies to
cope adaptively with stress. This 4-item instrument, which includes items such as “I look
for creative ways to alter difficult situations” and “I believe I can grow in positive ways
by dealing with difficult situations”, has established reliability and validity [31]. It uses a
5-point rating scale from “does not describe me at all” (1) to “describes me very well” (5).
Total scores classify respondents as low (4-13 points), medium (14-16 points), or high
(17-20 points) resilient copers. The scale showed good internal consistency in this study
(o =0.835).

Consultation dosage was operationalized as the total number of consultation sessions
each teacher received during the intervention period.

2.3.3. Teacher Technology Acceptability of JS Go App Measures

The Technology Acceptance Model Instrument-Fast Form (FF-TAM) is a 16-item check-
list that evaluates attitudes toward technology use [32]. It can be modified by listing
the technology of interest. Within this study, the mobile application was listed as the
technology. The FF-TAM uses an 8-point semantic differential scale ranging from —4
(e.g., inefficient) to +4 (e.g., efficient) to rate items, allowing for a broad range of responses.
The FF-TAM has three subscales designed to measure different aspects of technology
acceptance, including Usefulness (e.g., unhelpful vs. helpful), Ease of Use (e.g., very cum-
bersome vs. very usable), and Predicted Future Usage (e.g., For future consultation tasks
that are totally within my control, I would probably use telepresence robots as a consul-
tation platform.). All three subscales (i.e., usefulness, ease of use, and predicted future
usage) were used in this study. Childcare staff only completed this measure immediately
post-intervention. Internal consistency for each of the subscales was high for the childcare
staff (o« = 99 for all scales).

Participants completed the mHealth App Usability Questionnaire (MAUQ) in either
English or Spanish [33]. The MAUQ is a short, reliable, and customizable questionnaire
designed to assess the usability of mobile apps and gauge teachers” perceptions of the
usefulness of the JS Go app, the quality of the user interface, and the perceived usefulness
of the app in delivering early childhood mental health consultation content. Data were
collected post-intervention, for a total of one time point. The MAUQ has 18-items organized
into three subscales: ease of use and satisfaction (e.g., “It was easy for me to learn to use the
app”), system interface arrangement (e.g., “The information in the app was well organized,
so I could easily find the information I needed”), and usefulness (e.g., “The app has all
the functions and capabilities I expected it to have”). Participants rated JS Go using a
seven-point Likert scale (1 strongly disagree to 7 strongly agree). The Cronbach’s alpha
for the MAUQ in this sample was o = 0.90 for the Ease of Use subscale, o« = 0.93 for the
Interface subscale, and o = 0.92 for the Usefulness subscale.

In addition to the MAUQ), the Mobile Application Rating Scale (MARS) in English and
Spanish was used to classify and assess the quality of mobile health apps [34]. This 23-item
tool was used to measure app objective quality indicators of engagement, functionality,
aesthetics, and information quality, as well as app subjective quality. The app quality scores
were clustered within the engagement, functionality, aesthetics, and information quality
subscales. Sample items include, “Is the app fun/entertaining to use?” (engagement), “How
accurately/fast do the app features (functions) and components (buttons/menus) work?”
(functionality), “How good does the app look?” (aesthetics), “Is app content correct, well
written, and relevant to the goal/topic of the app?” (information quality), and “Would you
recommend this app to people who might benefit from it?” (app subjective quality). Each
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MARS item used a 5-point scale (1-Inadequate, 2-Poor, 3-Acceptable, 4-Good, 5-Excellent).
In cases where an item may not be applicable for all apps, an option of Not applicable
was included. Data were collected post-intervention, for a total of one time point. The
Cronbach’s alpha for the MARS in this sample was o = 0.96 for the functionality subscale,
o = 0.90 for the aesthetics subscale, and « = 0.93 for the information quality subscale.

2.3.4. Child Measures

The Devereux Early Childhood Assessment (DECA) instrument was used to measure
protective factors that promote resilience in young children. These included the DECA
for Infants and Toddlers (DECA-1/T) [35] and the DECA for Preschoolers, Second Edition
(DECA-P2) [36], both validated, reliable, standardized, and norm-referenced teacher-report
measures for children from 1 month through 5 years [37,38]. The DECA-1/T consists of
36 items, while the DECA-P2 contains 38 items, each rated on a five-point scale from
“never” (0) to “very frequently” (4). Both instruments yield three subscales: Initiative
(ability to use independent thoughts and actions to meet needs), Self-Regulation (ability to
express emotions and behaviors in healthy ways), and Attachment/Relationships (mutual,
strong relationships between children and significant adults), as well as a Total Protective
Factors (TPF) score. Each DECA item begins with the prompt “During the past 4 weeks, how
often did the toddler/child...” followed by behaviors such as “show affection for familiar
adults” and “calm herself/himself down”. These measures have demonstrated adequate
internal consistency in English and Spanish-speaking, low-income, diverse samples [39].
In the current study, the internal consistency for the DECA total protective factors scale
was excellent (x = 0.975).

The Strengths and Difficulties Questionnaire (SDQ) was used to assess behavioral
problems in children. This 25-item screening measure is designed for youth ages 2-17, with
specific versions for 2—4-year-olds and 4-17-year-olds, though it has also shown promis-
ing reliability for 12-24-month-old children (with better reliability for externalizing than
internalizing subscales). The teacher-report version was utilized in this study, with items
rated on a three-point Likert scale: “not true” (0), “somewhat true” (1), and “certainly
true” (2). Each item describes a specific child behavior, such as “Considerate of other
people’s feelings”, “Often loses temper”, and “Many worries or often seems worried”.
The SDQ comprises five domains: emotional symptoms, conduct problems, hyperactiv-
ity /inattention, peer relationship problems, and prosocial behavior. An externalizing score
was calculated by summing the conduct problems and hyperactivity/inattention scales,
while an internalizing score combined the emotional and peer problems scales. The SDQ
has established validity and reliability [40], and in this study, the internal consistency for
the total problems scale was good (& = 0.860).

2.4. Data Analysis
2.4.1. Quantitative Analysis

Baseline demographic characteristics of teachers and children were summarized by
intervention group (JS Go and JS) using descriptive statistics. Categorical variables were
reported as frequencies and percentages, and continuous variables were summarized
using means and standard deviations (SD). Between-group comparisons for categorical
variables were conducted using Chi-square tests or Fisher’s exact tests, as appropriate. For
continuous variables, independent sample f-tests or ANOVA were used depending on the
distribution of the data.

For the evaluation of teacher outcomes, mean scores and standard errors (SE) at base-
line (TO) and follow-up (T1) were calculated for each outcome by treatment group. Change
scores (T1-T0) were also calculated to describe within-group changes over time. To formally
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test intervention effects, analysis of covariance (ANCOVA) models were conducted for each
outcome, with T1 scores as the dependent variable, intervention group (JS Go vs. JS) as the
independent variable, and TO scores as covariates to adjust for baseline differences. The JS
group was used as the reference group. Models were estimated using PROC SURVEYREG
in SAS, specifying the program as the clustering variable to account for nesting of teachers
within programs and to produce robust standard errors. Model coefficients (f3), standard
errors, and p-values were reported for the effect of treatment group.

To examine changes in child outcomes over time and between treatment groups,
generalized estimating equation (GEE) models with an exchangeable correlation structure
were used to account for clustering of repeated measurements within participants and
clustering within programs. For each outcome, models included main effects for time
(TO vs. T1), treatment group (JS Go vs. JS), and their interaction (time x treatment), with
JS and baseline (T0) as reference categories. The models assumed a normal distribution
and identity link function. Least square means (LS-means) were calculated to estimate
and compare group means over time. A two-sided p-value of <0.05 was considered
statistically significant. As a sensitivity analysis, all GEE models were re-estimated with
additional adjustment for child primary language (Spanish vs. English) to evaluate whether
intervention effects were consistent across language groups. The models included main
effects of child language and treatment x time X language interactions. A two-sided
p-value of <0.05 was considered statistically significant. All analyses were conducted using
SAS 9.4 and visualized using R (version 4.4.2) [41,42].

2.4.2. Qualitative Analysis

Rapid Qualitative Analysis (RQA) was used to identify themes from semi-structured
interviews with seven JS Go center staff (three directors and four teachers) [43—47]. RQA is
a validated, time-efficient method grounded in implementation science and designed to
maintain methodological rigor while producing timely findings [46]. To guide interviews,
a semi-structured protocol was developed by the research team based on implementation
science frameworks and the core components of the Jump Start model. The protocol was
reviewed for content validity by two IECMHC experts and piloted with a non-study teacher
to ensure clarity and cultural responsiveness.

Interview transcripts were first summarized using a standardized template developed
by the research team. These templates captured key points across predefined domains
(e.g., app use, challenges, perceptions of impact, and recommendations). The MHC who
conducted the interview prepared the initial summaries immediately after each session. A
second trained research assistant then extracted salient content from the summaries and
transferred it into a structured analytic matrix. This matrix allowed for rapid comparison
of key themes across participants.

A third team member conducted thematic analysis using the matrix to identify re-
curring concepts. These initial themes were refined through iterative discussions with
the broader study team, including investigators with qualitative and IECMHC expertise.
Inter-coder reliability was supported through team-based triangulation and consensus-
building discussions. An audit trail was maintained throughout the analytic process to
ensure dependability and confirmability of findings.

3. Results

3.1. Teacher Outcomes
3.1.1. Teacher Characteristics

A total of 28 teachers participated in the matched controlled comparison, including 6
in the JS Go group and 22 in the JS group (See Table 2). Given that groups were matched
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on child characteristics, there was an unequal distribution of total teachers across groups.
All participants identified as female and Hispanic, and reported Spanish as their primary
language. There were no significant differences between groups in terms of teacher age,
race, education, years of experience, consultation dosage, and/or intervention completion.

Table 2. Demographic Characteristics of Teachers by Intervention Group (JS Go vs. JS).

Variable JS Go (n=6) JS (n =22) Test Statistic p-Value
Age (years)—M (SD) 47.63 (8.52) 51.01 (11.95) F(1,26) = 0.42 0.524
Gender N/A N/A
Female 6 (100.0%) 22 (100.0%)

Race X2(4) = 3.06 0.549
White 6 (100.0%) 14 (63.6%)

Black 0 (0.0%) 4 (18.2%)

Native American 0 (0.0%) 1 (4.5%)

Multiracial 0 (0.0%) 1 (4.5%)

Other 0 (0.0%) 2(9.1%)

Ethnicity N/A N/A
Hispanic 6 (100.0%) 22 (100.0%)

Primary Language N/A N/A
Spanish 6 (100.0%) 22 (100.0%)

Education Level x>(4) = 8.96 0.062
High School/GED 4 (66.7%) 2 (10.0%)

Some College 0 (0.0%) 1 (5.0%)

Associate Degree 0 (0.0%) 2 (10.0%)

Bachelor’s Degree 2 (33.3%) 11 (55.0%)

Graduate Degree 0 (0.0%) 4 (20.0%)

Completed Intervention x2(2) =1.37 0.505
Yes 5 (83.3%) 14 (63.6%)

No 0 (0%) 4 (18.2%)

Withdrew 1(16.7%) 4 (18.2%)

Number of Consults for

Completers M (SD) 13.50 (1.23) 11.80 (2.15) F(1,19) =3.27 0.086
Experience (years)—M (SD) 6.56 (8.64) 9.76 (11.40) F(1,24) =0.40 0.533

Note. Missing data for education level (n = 2) in the JS group. Percentages are within the treatment group.
x? = Pearson’s chi-square; N/A = not applicable as all participants were in the same category.

3.1.2. Teacher Descriptive Outcomes at Baseline and Follow-Up

Descriptive statistics for each outcome at baseline and follow-up are summarized in
Table 3 and visually shown in Figure 1. At pre-treatment, scores were generally similar
across groups for most outcomes. JS Go teachers showed increases from baseline to follow-
up in several domains, including HERS-C Safety (+0.42), HERS-C Behavior (+0.45), HERS-C
Communication (+0.30), and HERS-C Resiliency (+1.27). JS participants also demonstrated
improvements in HERS-C Safety (+0.31), HERS-C Communication (+0.07), and HERS-C
Resiliency (+0.43).

In contrast, JS Go participants had decreases in Brief Resiliency Coping (—1.33) and
Teacher Opinion Survey scores (—1.83), while ]S participants had smaller changes (—0.19
and +1.03, respectively). For Childcare Worker Job Demands, JS Go showed little change
(—0.04), whereas JS participants increased by +0.81 points, indicating higher demands.
Patterns for Childcare Worker Job Resources and Childcare Worker Job Control indicated
slight declines for both groups over time.
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Table 3. Descriptive Statistics of Outcomes at TO (Baseline) and T1 (Follow-up) by Intervention Group

(JS Go vs. JS).

Outcome JS Go JS
Baseline Follow-U Baseline Follow-U
Mean (SE) Mean (SEF)) Change Mean (SE) Mean (SEI)) Change
HERS-C Safety 4.58 (0.20) 5.00 (0.18) 0.42 4.98 (0.27) 5.29 (0.57) 0.31
HERS-C Behavior 4.55 (0.19) 5.00 (0.29) 0.45 4.36 (0.54) 4.50 (0.43) 0.14
HERS-C Communication 4.00 (0.00) 4.30 (0.45) 0.3 4.36 (0.41) 4.43 (0.55) 0.07
HERS-C Resiliency 3.33(0.52) 4.60 (0.55) 1.27 3.50 (1.16) 3.93(0.27) 0.43
Brief Resiliency Coping 18.33 (1.86) 17.00 (1.79) —1.33 18.05 (2.34) 17.86 (2.38) —0.19
Teacher Opinion Survey 48.00 (5.51) 46.17 (2.93) —1.83 44.76 (5.51) 45.79 (5.16) 1.03
CW Job Demands 2.78 (0.42) 2.74 (0.34) —0.04 2.55 (0.99) 3.36 (0.58) 0.81
CW Job Resources 4.69 (0.42) 4.54 (0.34) —0.15 4.48 (0.99) 4.45 (0.37) —0.03
CW Job Control 3.63 (0.79) 3.06 (0.39) —0.57 3.46 (0.89) 3.06 (0.67) —0.4

Note. HERS-C abbreviated for Health Environment Rating Scale-Classroom. CW abbreviated for Childcare Worker.

3.1.3. Teacher Intervention Effects from ANCOVA Models

Results from ANCOVA models evaluating intervention effects at post-treatment (T1),
adjusting for pre-treatment values (T0), revealed significant differences between the JS Go
and JS groups for several outcomes (See Table 4). All models were adjusted for clustering
by program (n = 6), and robust standard errors were estimated with degrees of freedom
based on the number of clusters (df = 5), ensuring that variability between programs was
appropriately accounted for in the inference. Specifically, JS Go participants had signifi-
cantly lower scores on Childcare Worker Job Demands (3 = —0.60, SE = 0.12, p = 0.0041),
indicating lower perceived job demands relative to JS. JS Go participants also had signifi-
cantly higher scores on HERS-C Behavior (3 = 0.33, SE = 0.13, p = 0.0474), suggesting that
teachers engaged in a higher rate of effective classroom practices to support adaptive child
behavior within the classroom. Trend-level differences were observed for HERS-C Safety
(f = —0.39, SE = 0.15, p = 0.0506), HERS-C Communication (3 = —0.49, SE = 0.21, p = 0.07),
and HERS-C Resiliency ( = 0.68, SE = 0.32, p = 0.0876), with JS Go teachers reporting fewer
safety and communication classroom practices but more resiliency practices compared to JS
teachers. No significant between-group teacher differences were found for Brief Resiliency
Coping, Teacher Opinion Survey, Childcare Worker Job Resources, or Childcare Worker
Job Control.

Table 4. Results from ANCOVA Models Evaluating Treatment Group Effects at T1 (adjusting for T0).

Outcome B (JS Go vs. JS) SE p-Value

HERS-C Safety —-0.39 0.15 0.0506
HERS-C Behavior 0.33 0.13 0.0474
HERS-C Communication —0.49 0.21 0.07

HERS-C Resiliency 0.68 0.32 0.0876
Brief Resiliency Coping —0.91 0.65 0.2226
Teacher Opinion Survey -1.35 2.01 0.5331
CW Job Demands —0.6 0.12 0.0041
CW Job Resources —0.03 0.15 0.8272
CW Job Control —0.07 0.24 0.7904

Note. HERS-C abbreviated for Health Environment Rating Scale-Classroom. CW abbreviated for Childcare Worker.
Bold indicates statistically significant.
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3.2. Child Outcomes
3.2.1. Child Characteristics

Table 5 presents the baseline demographic characteristics of the child sample across
groups (N = 114). There were no significant differences between treatment groups on age,
gender, ethnicity, or English proficiency. However, there was a significant difference in
racial composition (p = 0.023), with a higher proportion of Black children in the JS group
(8%) compared to JS Go (0%). The majority of participants identified as White and Hispanic
across both groups.

Table 5. Demographic Characteristics of Children by Intervention Group (JS Go vs. ]JS).

Characteristic JS Go (n =57) JS (n =57) Total (N =114) p-Value
Age in years, M (SD) 3.70 (0.73) 3.83 (0.91) 3.76 (0.82) 0.436
Gender, 1 (%) 0.348
Female 28 (49.1%) 33 (57.9%) 61 (53.5%)
Male 29 (50.9%) 24 (42.1%) 53 (46.5%)
Race, 1 (%) 0.023 *
White 47 (88.7%) 41 (82.0%) 88 (85.4%)
Black 0 (0.0%) 4 (8.0%) 4 (3.9%)
Native American 2 (3.8%) 2 (4.0%) 4 (3.9%)
Multiracial 4 (7.5%) 0 (0.0%) 4 (3.9%)
Other 0 (0.0%) 3 (6.0%) 3 (2.9%)
Ethnicity, n (%) 0.378
Hispanic 50 (94.3%) 47 (88.7%) 97 (91.5%)
Non-Hispanic White 2 (3.8%) 2 (3.8%) 4 (3.8%)
Haitian 0 (0.0%) 3 (5.7%) 3 (2.8%)
Other 1(1.9%) 1(1.9%) 2 (1.9%)
English proficient, n (%) 0.616
No 25 (47.2%) 22 (42.3%) 47 (44.8%)
Yes 28 (52.8%) 30 (57.7%) 58 (55.2%)

Note. Some categories have missing data, resulting in different sample sizes for analyses. Chi-square tests were
used for categorical variables, and one-way ANOVA was used for age comparisons. * p < 0.05.

3.2.2. Descriptive Statistics of Child Outcomes

Table 6 presents the means, standard errors, and change scores of child outcomes
at baseline and follow-up by treatment group. At baseline, children in the JS Go group
had lower scores on DECA subscales, including Attachment (44.04 [SE = 1.39]), Initiative
(46.61 [SE = 1.22]), Self-Regulation (50.53 [SE = 1.47]), and Total (46.81 [SE = 1.39]), and
higher scores on SDQ subscales, including Externalizing (6.79 [SE = 0.49]), Internalizing
(5.30 [SE = 0.54]), and Total (9.54 [SE = 0.76]), relative to ]S participants (DECA Attachment:
47.77 [SE = 1.10]; Initiative: 50.98 [SE = 1.33]; Self-Regulation: 52.68 [SE = 1.29]; Total: 50.81
[SE = 1.25]; SDQ Externalizing: 4.53 [SE = 0.60]; Internalizing: 4.14 [SE = 0.58]; Total: 6.93
[SE = 0.89]). These differences suggest that JS Go participants had a less favorable starting
point compared to JS in terms of protective factors and behavioral functioning.

Both groups demonstrated improvements from baseline to follow-up (See Figure 2),
though the magnitude of change varied across outcomes. For DECA subscales, ]S Go
participants improved by 3.91 points in Attachment (follow-up M = 47.94 [SE = 1.39]), 3.14
points in Initiative (49.75 [SE = 1.51]), 3.49 points in Self-Regulation (54.02 [SE = 1.42]), and
3.73 points in Total (50.54 [SE = 1.42]). JS participants showed comparable improvements
with increases of 2.77, 3.13, 1.52, and 3.12 points in Attachment (50.55 [SE = 0.96]), Initia-
tive (54.11 [SE = 1.18]), Self-Regulation (54.20 [SE = 1.16]), and Total (53.92 [SE = 0.99]),
respectively.
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Table 6. Descriptive Statistics of Child Outcomes at TO (Baseline) and T1 (Follow-up), by Intervention
Group (JS Go vs. JS).

Outcome Mean (SE) JS Go JS
Baseline Follow-Up Change Baseline Follow-Up Change
DECA Attachment 44.04 (1.39) 47.94 (1.39) 391 47.77 (1.10) 50.55 (0.96) 2.77
DECA Initiative 46.61 (1.22) 49.75 (1.51) 3.14 50.98 (1.33) 54.11 (1.18) 3.13
DECA Self-Regulation 50.53 (1.47) 54.02 (1.42) 3.49 52.68 (1.29) 54.20 (1.16) 1.52
DECA Total 46.81 (1.39) 50.54 (1.42) 3.73 50.81 (1.25) 53.92 (0.99) 3.12
SDQ Externalizing 6.79 (0.49) 6.35 (0.52) —0.44 4.53 (0.60) 3.87 (0.51) —0.65
SDQ Internalizing 5.30 (0.54) 1.87 (0.25) —3.43 4.14 (0.58) 2.00 (0.34) —2.14
SDQ Total 9.54 (0.76) 8.21 (0.64) -1.33 6.93 (0.89) 5.87 (0.78) —1.06

Note. DECA is abbreviated for Deveraux Early Childhood Assessment. SDQ is abbreviated for Strengths and
Difficulties Questionnaire.
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Figure 2. Teacher-reported improvements in child outcomes over time by intervention group.

Similarly, reductions in SDQ scores were observed, reflecting fewer behavioral con-
cerns over time. Among JS Go participants, Externalizing scores decreased by 0.44 points to
6.35 (SE = 0.52), Internalizing decreased by 3.43 points to 1.87 (SE = 0.25), and Total scores
decreased by 1.33 points to 8.21 (SE = 0.64). In JS, reductions of 0.65, 2.14, and 1.06 points
were observed for child Externalizing (3.87 [SE = 0.51]), Internalizing (2.00 [SE = 0.34]), and
Total (5.87 [SE = 0.78]) scores, respectively.

3.2.3. GEE Analysis of Child Outcomes

Results of the updated GEE models are shown in Table 7. Significant main effects of
time were observed for DECA Attachment (3 = 2.89, p = 0.023), DECA Initiative (3 = 3.05,
p =0.011), DECA Total ( = 3.22, p = 0.008), and SDQ Internalizing ( = —2.18, p < 0.001),
indicating meaningful within-person changes over time regardless of treatment group.
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Table 7. Generalized Estimating Equation (GEE) Results for Child Outcomes.

Outcome (Follow-Up vs.

Time Effect Treatment Interaction (Time

%Yﬂ:f Group (JS Go (Tf e-:ﬁll;i 9 x Treatment)
Baseline) 3 (SE) vs. JS) 3 (SE) 3 (SE)

p-Value
(Interaction)

DECA Attachment 2.89 (1.27) 0.0226 —3.74 (1.76) 0.0335 0.79 (1.78)

DECA Initiative 3.05 (1.20) 0.0108 —4.37 (1.79

0.0145 —0.26 (1.85)

)
DECA Self-Regulation 1.78 (1.29) 0.1666 —2.16 (1.94) 0.2651 1.20 (2.01)
)

DECA Total

3.22(1.22) 0.0084 —4.00 (1.85 0.0307 0.14 (1.88)

SDQ Externalizing —0.74 (0.50) 0.141 2.26 (0.77) 0.0033 0.61 (0.67)
SDQ Internalizing —2.18 (0.51) <0.0001 1.16 (0.78) 0.1385 —1.09 (0.71)

SDQ Total

—1.16 (0.74) 0.119 2.61 (1.16) 0.0243 0.33 (0.98)

0.658
0.8896
0.5499
0.9421
0.3642
0.1253
0.7369

Note. DECA is abbreviated for Deveraux Early Childhood Assessment. SDQ is abbreviated for Strengths and
Difficulties Questionnaire.

Significant main effects of treatment group (JS Go vs. ]S) were found for DECA
Attachment (3 = —3.74, p = 0.034), DECA Initiative ( = —4.37, p = 0.015), DECA Total
(B = —4.00, p = 0.031), SDQ Externalizing (3 = 2.26, p = 0.003), and SDQ Total (p = 2.61,
p = 0.024), indicating that JS Go participants had lower DECA scores and higher SDQ
scores compared to ]S participants when averaged across time points. No significant
time X treatment interactions were detected for any outcomes, indicating that the degree
of improvement from baseline to follow-up did not significantly differ by treatment group.

In the sensitivity analysis, adjusting for child primary language, intake of child lan-
guage (Spanish vs. English) was not significantly associated with any outcomes. Across all
models, p-values for language were >0.10, suggesting no meaningful differences in change
or post-intervention levels between Spanish-speaking and English-speaking children. No
treatment x language interactions were detected, indicating that intervention effects were
generally consistent across language groups.

3.3. Teacher Acceptability Ratings of |S Go App

Descriptive statistics for technology acceptability and app quality are presented in
Table 8. Overall JS Go teachers reported high levels of perceived usefulness (M = 3.56,
SD = 1.01) and ease of use (M = 3.67, SD = 0.82) of the JS Go app on the Technology Fast
Form (TFF), though predicted future usage showed greater variability (M = 1.38, SD = 3.63).
On the mHealth App Usability Questionnaire (MAUQ), participants rated the app highly
across all domains, with average scores near the upper limit of the 7-point scale for ease of
use (M = 6.43, SD = 0.59), user interface (M = 6.52, SD = 0.46), and usefulness (M = 6.47,
SD = 0.45). Ratings from the Mobile Application Rating Scale (MARS) indicated that
teachers found the JS Go app to be of high quality across all subdomains, including
engagement (M = 4.73, SD = 0.24), functionality (M = 4.79, SD = 0.51), aesthetics (M = 4.72,
SD = 0.53), and information quality (M = 4.67, SD = 0.42). The overall subjective app quality
rating was also high (M = 4.73, SD = 0.38), suggesting strong user satisfaction.

Table 8. Descriptive Statistics for ]S Go Technology Acceptability and App Quality Measures.

Variable N Minimum Maximum Mean

Standard
Deviation

Technology Fast Form

Usefulness
Ease of Use

6 1 4 3.56
3.67

(@)
N
~

Predicted Future Usage 6 —4 4 1.38

1.01
0.82
3.63
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Table 8. Cont.

Variable N Minimum Maximum Mean Star}d;%rd
Deviation

mHealth App Usability Questionnaire
Ease of Use 6 5 7 6.43 0.59
User Interface 6 6 7 6.52 0.46
Usefulness 6 6 7 6.47 0.45
Mobile App Rating Scale
Engagement 6 4 5 4.73 0.24
Functionality 6 4 5 4.79 0.51
Aesthetics 6 4 5 4.72 0.53
Information 6 4 5 4.67 0.42
Subjective App Quality 6 4 5 4.73 0.38

3.4. Rapid Qualitative Analysis of Staff Perceptions of |S Go App Feasibility

Interview participants (three directors and four teachers from ]S Go centers) identified
as White Hispanic females, with a mean age of 50.63 (SD = 9.76) years and 15.0 (SD = 9.58)
years of ECE experience. All reported Spanish as their primary language, and 43% had
earned a high school diploma or GED as their highest level of education. Semi-structured in-
terviews yielded five primary themes reflecting the center staff’s experiences with the JS Go
intervention. Specifically, these included (1) the app as a practical and motivating tool with
accessibility gaps, (2) the MHC's role in facilitating reflective practices, (3) staff self-efficacy
in implementing program pillars, (4) opportunities to strengthen parent engagement, and
(5) organizational supports and incentives needed for program sustainability. Themes and
translated illustrative quotes are presented in the text below.

Theme 1: ]S Go App as a Practical and Motivating Tool with Accessibility Gaps

Staff consistently described the JS Go app as a well-organized and user-friendly
resource that supported regular classroom implementation of program pillars. The app’s
clearly structured content, instructional videos, and Al chat feature were widely praised
for offering practical, just-in-time support in reinforcing key strategies and responding to
children’s challenging behaviors. One teacher noted, “The videos have been a tremendous
help in strengthening my experience as a teacher. They have helped me a lot, with routines
and with improving how I respond to children’s disruptive behaviors”. Another, referring
to the Al chatbot feature, added, “If you have a direct question, you get an answer along
with examples. I like it because it does not just give you the answer, it gives you several
examples of how to develop what you are asking about”. Participants noted that they
frequently revisited the app to access its repository of resources when navigating difficult
classroom situations. However, the app’s browser-only format was identified as a barrier
to consistent access. Participants expressed a strong preference for a downloadable version
available through the app store that could function offline, especially in centers with
unreliable internet access. As one teacher explained:

I'would like it to be an app that can be downloaded and that offers more resources.
Resources that can be taught directly to the children, things we can incorporate
into the lesson plan, or in circle time. Having the app be more interactive and
easier to have on hand on my phone.

Theme 2: The MHC'’s Role in Facilitating Reflective Practices

In-person consultation emerged as an essential program component that provided
irreplaceable human connection and individualized support. Participants described these
interactions as creating reflective spaces where they could process challenges and receive
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emotional validation. One director noted, “. . .it is like having a private psychologist. I really
enjoyed it because, as I listened to myself, I was self-analyzing my responses and reactions
at that moment. That helped me and made me think differently for future occasions”.
The MHC was consistently viewed as someone who offered both emotional support and
practical guidance, particularly in areas such as self-care, racial equity, and communication
with families. While participants appreciated the app’s streamlined format and usefulness,
some emphasized the importance of real dialogue and idea exchange with the consultant.
As one teacher explained, “With the app you go straight for the question or you watch a
video, but when you are talking, you know, like the communication, it is more. You can
share ideas, and sometimes we need to talk”. This consultation component, combined with
the app’s resources, facilitated professional growth by reinforcing existing practices and
introducing new strategies. Participants emphasized that the consultant’s approach made
complex or sensitive topics more approachable and helped build trust and confidence
among staff.

Theme 3: Staff Self-Efficacy in Implementing Program Pillars

Participants described increased confidence in applying key components of the JS
Go program, particularly in managing classroom behaviors, supporting their own and
children’s emotional regulation, and promoting a sense of safety. For instance, one director
described a shift in her understanding of safety to include not only physical protections but
also children’s emotional well-being, stating, “It is not just about structure or the physical
aspect; it is something more as well”.

Additionally, the toolkit materials were frequently cited as helpful for reinforcing
strategies introduced in the app and during consultation. Several participants described
feeling more capable of responding to challenging behaviors through preventive strategies,
positive reinforcement, and relaxation techniques (e.g., verbal reminders, role modeling,
“flowers for breathing” method). They noted that these approaches were becoming part of
their regular classroom routines, helping them respond more calmly and consistently. One
teacher shared, “I feel like I am doing my best and doing things right because I have seen
results in the children, and others have told me so too”.

Theme 4: Opportunities to Strengthen Parent Involvement

Despite JS Go’s emphasis on supporting children’s development across settings, parent
engagement remained limited throughout implementation. Most participants described
minimal communication with families about the program beyond survey distribution or
brief, informal updates. While some staff reported mentioning aspects of the program to
a few parents, there were no structured strategies or built-in mechanisms for engaging
families in the app or reinforcing content at home. Participants acknowledged this as
a missed opportunity and expressed interest in strengthening the family engagement
component, particularly through more concrete tools or guidance on how to involve
parents more intentionally. One director suggested, “That access, and maybe a consultation,
or maybe some kind of pages where parents could do the same things, we should definitely
incorporate parents more, because they really do need it”. Another director noted the
potential for the Al chatbot to support families without judgment, stating:

I think it would be a kind of support for them because they can consult any
doubts, and it is like when you consult artificial intelligence. It gives you that
immediate response, with a database that is exactly related to what we are looking
for with children. So yes, I think it would be a support because sometimes parents
might feel like, “Oh, I am not doing a good job as a mom or dad”, but they do not
want to say it out loud. So, the app feels more private, and they can consult it.
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Theme 5: Organizational Supports and Incentives Needed to Sustain |S Go

While participants expressed interest in sustaining the JS Go program, they empha-
sized that ongoing implementation would depend on both structural supports and staff
incentives. Directors and teachers highlighted the importance of leadership involvement,
adequate staffing, and time for planning and reflection. Embedding program strategies
into existing structures, such as team meetings or onboarding processes for new center
staff, was also seen as critical for maintaining continuity. In addition to these structural
supports, several participants pointed to the opportunity to earn “training hours” and
endorsed the inclusion of interactive components (e.g., “gaming features”, “unlocking
digital rewards”) as factors that could help maintain participation and enthusiasm over
time. Regular app updates, including new courses or training announcements, were also
viewed as important for sustaining center staff engagement, given the lack of up-to-date
content in many programs and teachers” ongoing need to earn in-service hours.

4. Discussion

The current study used a mixed methods approach to examine the feasibility, efficacy,
and utility of the JS Go mobile application as a mechanism for delivering IECMHC to early
childcare centers. This novel approach integrated traditional in-person consultation with an
Al-enhanced mobile platform to address a critical need for accessible mental health support
in early childhood settings, particularly those serving diverse, low-income communities.
Overall, the findings suggest that JS Go represents a promising digital adaptation of the
established Jump Start consultation model, with several important implications for future
practice and research.

One objective of this study was to determine if JS Go enhances teacher well-being
and classroom practices, in line with the traditional Jump Start in-person consultation
model. Teacher outcomes demonstrated some promising trends in favor of the JS Go
intervention. Most notably, teachers in the JS Go group reported significantly lower
job demands compared to those in the traditional JS group, suggesting that the mobile
application may have served to alleviate some of the occupational burden associated with
managing challenging behaviors. Further, classroom observation data revealed that JS Go
teachers demonstrated significantly higher implementation of effective behavior support
practices compared to the traditional JS group. This suggests that the on-demand, accessible
nature of the application may have facilitated greater uptake of evidence-based strategies
within childcare classrooms. This is especially notable given that 87% of teachers in previous
JS research reported feeling overwhelmed by classroom behavioral challenges [48]. The
app’s multilingual features, infographics, and Al-powered guidance may have provided
“just-in-time” learning opportunities that not only reinforced the consultation content
between sessions but also may have facilitated more consistent use of behavior support
strategies. In terms of other teacher outcomes, JS Go and JS teachers demonstrated similar
increases in their observed implementation of the other JS pillars (Safety, Communication,
and Resiliency) over time. There were no differences between groups in terms of teacher
resilient coping and teacher perceptions of job control and resources. However, it is possible
that, given the small sample size for teacher groups (JS Go n = 6 teachers; JS n = 22 teachers),
this study was underpowered to detect significant changes at the teacher level.

Another objective of this study was to determine whether the ]S Go mobile application
improves child psychosocial outcomes and reduces child challenging behaviors. Children
in both the ]S Go and JS groups showed significant improvements over time across multiple
domains of psychosocial functioning, including teacher perceptions of children’s attach-
ment, initiative, and reductions in internalizing behaviors. These positive trajectories align
with previous IECMHC research demonstrating benefits for child outcomes [7,49] and
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provide preliminary evidence that the Al-hybrid digital adaptation of Jump Start maintains
effectiveness for child development. If further research confirms equivalent effectiveness,
the JS Go digital platform could serve as a scalable and sustainable model for expanding
access to early childhood mental health consultation services. Given that fewer than 10% of
childcare centers regularly implement IECMHC due to significant workforce and resource
constraints [50], ]S Go may help extend preventive, multilevel supports to underserved
preschool-aged children.

Researchers were also interested in evaluating the utility of JS Go as a consultation
mechanism by analyzing teacher ratings of the app’s usability and technology acceptability,
to assess how well the platform was received and its practical value for teacher end
users. The high acceptability ratings from teachers provide compelling evidence for the
feasibility of integrating mobile technology and Al support into early childhood mental
health consultation. Teachers rated the JS Go app favorably, with particularly strong views
of the ease of use, functionality, and information quality. This provides preliminary support
that the JS Go app effectively translated the complex content of IECMHC into an accessible
digital format that met teachers’ needs and expectations. While there was more variability
in teachers’ perception of their predicted future usage of the app, all other domains were
rated highly, suggesting that with appropriate implementation support by mental health
consultants, teachers may be more likely to continue to engage with the digital platform
over time.

The multilingual design of JS Go appears to have been well-received by this pre-
dominantly Spanish-speaking sample, addressing an important gap in culturally and
linguistically responsive resources for [IECMHC. Of note, there were no differences in child
outcomes regardless of whether the child preferred to speak English or Spanish. This
feature likely contributed to the high usability ratings and underscores the importance of
co-developing with the community, including digital tools that reflect the diversity of the
early childhood workforce.

Findings from the RQA illustrate the complementary roles of technology and in-person
support and highlight both implementation successes and areas of growth. For future
program development, four key recommendations emerge: (1) improve app accessibility
through a downloadable version; (2) strengthen the family engagement component with
concrete strategies for parent involvement; (3) maintain the dual approach of technology
and personal consultation; and (4) develop mechanisms for regular content updates and
ongoing training to sustain engagement and implementation over time. The JS Go app
emerged as a practical, on-demand resource that helped center directors and teachers
reinforce key strategies related to behavior support, self-regulation, and emotional safety.
Center staff found the app especially useful for reinforcing practices introduced during
consultations, revisiting strategies as needed, accessing resources on their own time, and
using the AI chatbot to receive quick, example-based guidance. When paired with individu-
alized consultation, it appeared to facilitate the integration of program pillars into teachers’
daily classroom routines, with teachers expressing increased confidence in implementing
JS Go practices. To further enhance engagement and implementation sustainability, a
token-based gaming feature is being developed that tests users’ knowledge of the four
program pillars and provides visual tracking of progress. These targeted enhancements are
designed to promote staff self-efficacy, implementation fidelity, and program sustainability
across diverse ECE settings. Overall, these findings offer practical guidance for the contin-
ued development of digital tools that are both scalable and responsive to the realities of
ECE programs.
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Limitations and Future Directions

Several limitations should be considered when interpreting these findings. The main
limitation was the small teacher sample size, with uneven distribution between groups,
limited statistical power, and this may have increased the risk of Type II errors. Future
studies should aim for larger, more balanced samples to enhance the robustness of findings.
Second, although children were matched across intervention groups, significant baseline
differences remained, particularly in child behavioral functioning. More stringent matching
procedures or randomized designs in future research would strengthen causal inferences
about JS intervention effects. Specifically, examining the relative contributions of the
digital platform versus human consultation through a randomized controlled design
would increase understanding of how to optimize the balance between technology and
interpersonal support within IECMHC. Third, the intervention duration of 14 weeks may
have been insufficient to detect certain outcomes, particularly those related to teacher well-
being and self-efficacy, which may develop over longer timeframes. Longitudinal designs
with extended follow-up periods would provide valuable insights into the sustainability
of effects and patterns of app usage over time. Fourth, qualitative findings are subject
to potential interviewer and coder bias. While double-coding and a structured analytic
approach were used to enhance credibility, qualitative interpretations remain context-
specific and may not be generalizable. Fifth, this study relied on teacher-reported measures,
which introduces potential biases, including social desirability and recall bias. Although
these reports offer valuable insight from key informants, future studies should incorporate
multi-informant or observational data to strengthen measurement validity.

Lastly, while the technology acceptability measures provided important information
about user perceptions, actual app usage data (e.g., frequency, duration, specific content
accessed) was not systematically analyzed. Future studies should incorporate detailed
app and Al analytics to understand how teachers engage with digital tools and which
features most strongly predict implementation and outcomes. Further, refining the Al
capabilities of the JS Go Al chatbot based on user interactions could enhance its relevance
and effectiveness in addressing teachers’ specific needs as they evolve over time and
potentially promote ongoing engagement.

Future research should explore the cost-effectiveness of hybrid consultation models
compared to traditional approaches, particularly in terms of reach, impact, and sustainabil-
ity in under-resourced settings. Economic analyses would provide valuable information for
policymakers and funders considering investments in digital mental health infrastructure
for early childhood mental health consultation systems.

5. Conclusions

Overall, this study provides initial evidence supporting the feasibility, utility, and
potential efficacy of ]S Go as an innovative approach to delivering IECMHC in early child-
hood settings. Despite methodological limitations, the findings suggest that integrating
mobile technology with traditional consultation may offer a viable strategy for extending
the reach of evidence-based mental health support to teachers and children. Children
in both groups showed comparable and significant psychosocial gains, indicating that
JS Go maintains the effectiveness of traditional IECMHC for child development. High
teacher acceptability ratings further support the feasibility of digital platforms in early
childhood settings, while qualitative findings highlight the value of pairing technology
with interpersonal support. Notably, this study contributes to existing knowledge by
demonstrating how hybrid models can deliver culturally responsive, scalable, and just-
in-time consultation in an under-resourced, multilingual context. As early childhood
programs continue to face significant challenges related to children’s behavioral health and
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teacher well-being, particularly in under-resourced communities, scalable solutions like
JS Go represent a promising innovation in the mental health consultation landscape. This
technology-enhanced approach not only extends the reach of evidence-based support but
also empowers teachers with accessible, culturally and linguistically responsive resources
to address challenging child behaviors and emotions in real time. Strengthening the mental
health consultation infrastructure through hybrid models such as JS Go has the potential to
enhance teacher capacity and improve children’s psychosocial outcomes, fostering more
nurturing environments in which all young children can thrive. JS Go offers a viable path
forward for expanding mental health consultation services in early learning environments.
By offering accessible mobile support, this model has the potential to enhance teacher
capacity, promote child well-being, and bridge longstanding equity gaps in access to early
childhood mental health resources.
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IECMHC  Infant and early childhood mental health consultation
JS Jump Start

JS Go Jump Start on the Go
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Abstract: Background: Life satisfaction serves as a preventive agent against various emo-
tional, cognitive, and behavioral challenges, making it a crucial cognitive indicator of
subjective well-being, particularly during adolescence. Accurately assessing life satisfac-
tion is essential for understanding and promoting adolescent mental health, especially in
applied settings such as physical education, which plays a key role in fostering psycho-
logical well-being and positive youth development. However, additional investigation
is needed to confirm the tools used for this purpose. This study aimed to analyze the
psychometric properties, metric invariance, and temporal stability of the Satisfaction with
Life Scale (SWLS) in adolescents from a region in southeastern Spain. Thus, the present
study sought to answer the following research questions: (1) Does the SWLS demonstrate
adequate psychometric properties in an adolescent population? (2) Is the SWLS invariant
across gender and residential environments? (3) Does the SWLS show adequate stability
over time? Methods: A sample of 400 students was assessed using exploratory and con-
firmatory factor analyses, multigroup comparisons, and test-retest techniques. Results:
The results showed significant differences in scale scores in the sex and demographic
location variables. Also, a robust unifactorial model with five items demonstrated good
performance in terms of goodness of fit and internal consistency. Furthermore, full metric
invariance was observed across genders, while configural invariance was supported for
residential environment. Concurrent validity analyses revealed significant associations
with another unidimensional well-being measure, and temporal stability was confirmed
through the intraclass correlation coefficient. Conclusions: The findings support the SWLS
as a potentially valid, reliable, and time-effective tool for assessing adolescent life sat-
isfaction. Its strong psychometric properties make it highly suitable for use in mental
health research, longitudinal monitoring, and large-scale studies. Moreover, its ease of
administration allows its integration into educational, clinical, community-based, and
physical education contexts, offering insightful information for the creation of long-lasting
mental health regulations and preventive measures meant to improve the well-being of
adolescents. Notwithstanding these encouraging results, some restrictions must be noted.
The sample was restricted to a single geographic area, and contextual or cultural factors
may have an impact on how satisfied people are with their lives. Furthermore, response
biases could have been introduced by using self-report measures.

1

Children 2025, 12, 658

68

https:/ /doi.org/10.3390/ children12050658



Children 2025, 12, 658

Keywords: mental health; adolescents; sex; metric invariance; temporal stability

1. Introduction

The emotional response that each person has to their life and the expectations they
have for it, considering their perspectives on work, social life, and personal life, as well
as their biological and psychological needs, is what is known as life satisfaction (LS) [1,2].
Both LS and quality of life—more especially, leading a healthy lifestyle—are strongly
correlated with health [3]. Accordingly, many studies examining the connection between
LS and physical activity (PA) have found that decreased amounts of PA are associated
with worse health, which in turn causes LS to decline [4]. Conversely, research has shown
that adolescents, irrespective of gender, who engage in more frequent and intense physical
exercise have higher LS [5-7]. In addition, due to biological, psychological, cognitive, and
social changes that may impact the LS assessment process during adolescence, self-concept
may be seen as a sign of how adolescents manage these changes in relation to LS [8]. This
has led to the identification of adolescence as a stage of mental health risk in the life cycle.
In keeping with this line of reasoning, children’s and teenagers’ LS appears to be greatly
influenced by their educational environment [9]. In other words, higher LS appears to be
associated with academic performance, and the most significant mediator for enhancing
students” mental health is physical activity (PA) [10].

In a similar vein, many elements have been found to be significant when examining
children’s and adolescents’ SL. In this sense, various variables, such as an individual’s
gender, can serve as predictors or modify the effect on LS [11]. Research indicates that
when focusing on the childhood and adolescent stages, girls typically have lower SV than
boys [12]. In addition, living environments also have a significant impact on people’s LS
levels [13], although there is not much research that repeats these kinds of investigations in
children and teenagers [14,15]. However, some research indicates that family functioning
and positive youth development are linked, over time, to adolescent SV [16]. Other
relationships with SV include family structure, family life cycle stage, and nutrition [17].
In the end, it is anticipated that adolescents with SV will be happier with their lives if
they believe they are more capable socially and academically, have the capacity for self-
control, and have worthwhile goals to work toward, while adolescents from less affluent
families exhibit lower levels of LS [18]. On the other hand, a variety of other pathologies,
including cardiovascular illnesses and sleep disorders, are linked to childhood and teenage
overweight [19], and these disorders’ aftereffects and complications impair children’s and
teenagers’ subjective well-being and lower their LS [20,21].

Because of the evident importance of LS as a protective factor in the normal develop-
ment of children and adolescents, there are numerous assessment tools available for these
populations [22]. Among them, the Satisfaction with Life Scale (SWLS) [23] stands out. It
has a five-item single-factor structure, and analyzes the general judgment of adolescents
regarding their subjective well-being. Moreover, this scale has been translated over time
into different languages [24-26] and validated in different populations [27-29], showing
disparate characteristics. The adolescent population has not been an exception, with valida-
tions of the scale in different areas around the world, whether in Europe [30,31], Asia [32] or
South America [33]. However, as far as Spain is concerned, only Ortufio and colleagues [34]
have tested metric invariance in adolescents according to their sociodemographic factors,
since other studies that included Spanish adolescents evaluated it by comparing them with
their counterparts in other countries [35,36]. Similarly, and to the authors” knowledge,
no study has conducted an invariance analysis focused on the area in which the student
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lives (rural or urban), which has been pointed out as an influential factor in the LS levels
of adolescents [13,14], just as no validation study has included data from teenagers liv-
ing in the region of Extremadura (Spain). Therefore, the current study’s objectives were
to investigate the SWLS’s characteristics and conduct an invariance analysis that takes
gender and the environment of a sample of adolescents from a region in southeast Spain
under consideration. Similarly, possible differences in the study population according to
the variables of analysis will be explored in order to understand the current state of the
region. Based on consistent one-factor structures in prior adolescent SWLS validations, we
hypothesized that the internal structure would be monofactorial, composed of five items,
offer good goodness-of-fit indices, and that the assumption of metric invariance would be
met for both the gender variable and the environment. Thus, the present study sought to
answer the following research questions:

1. Does the SWLS demonstrate adequate psychometric properties in an adolescent
population from Extremadura?

2. Is the SWLS invariant across gender and residential environments?

3. Does the SWLS show adequate stability over time?

2. Materials and Methods
2.1. Participants

Because the goal of this study was to collect as many responses as possible, we used a
descriptive cross-sectional design. As per the latest data available on the National Institute
of Statistics (www.ine.es), within the Community of Extremadura in Spain, there are
43,043 minors aged 8 to 18. Our study’s sample size of 400 participants was greater than the
381 needed to guarantee a 95% confidence level and a 5% margin of error. The inclusion
criteria for participation in the study were regular participation in PE classes and informed
consent from parents.

A total of 400 participants comprised the study’s sample (Table 1), chosen via con-
venience sampling in accordance with Salkind’s suggested procedures [37], with boys
representing the same proportion of the sample (50%, n = 200) as girls (50%, n = 200). When
it came to geographic location, 45% (n = 180) of the population lived in rural areas, while
the majority (55%, n = 220) lived in urban areas. With a mean age of 13.12 years and a
standard deviation of 1.94, the group’s age variability was deemed to be moderate.

Table 1. Sample characteristics.

Variable Categories N %
Boy 200 50
Sex Girl 200 50
Demographic location [Ij{;gaai ;gg ;Lg
Variable M SD
Age 13.12 1.94

N: number; %: percentage; SD: standard deviation; M: mean.

In this study, living environments were categorized using the Caceres Provincial
Council’s concept. Urban communities were defined as having 20,000 or more inhabitants,
whereas rural communities had 20,000 or fewer.

The University of Extremadura’s Ethics Committee gave its approval to the study
(6/2024), which was carried out in compliance with the Declaration of Helsinki’s criteria.
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2.2. Procedure

Emails with information on the study, a sample questionnaire, and a request for
parental approval were sent to Extremadura’s physical education teachers. A list of local
public schools offering secondary education was used to choose the teachers. The teachers
in question arranged for a member of the study team to visit the center and provide the
questionnaires to the pupils after getting the families” signed agreement. A week later, the
process would be repeated.

Every student received a tablet from the researcher on the scheduled day, along with a
link to the Google Forms questionnaire. The researcher read out each question to make
sure the participants understood it. To enable effective data collection and storage, it was
decided to employ an electronic questionnaire.

The questionnaire took about five minutes to complete, and anonymous data were
gathered between January and February of 2023.

2.3. Instruments

Initially, a set of three sociodemographic questions about sex, housing environment,
and age were included in the questionnaire.

Additionally, the Satisfaction with Life Scale (SWLS) (Appendix A), which Atienza
and collaborators validated in Spanish [26], was used to gauge teenagers’ subjective levels
of LS. This instrument has five items that are intended to gauge young people’s values for
various elements of their lives. A Likert-type scale, with 1 denoting “strongly disagree”
and 5 denoting “strongly agree”, is used to collect responses. The scale’s authors reported
a Cronbach’s alpha coefficient of 0.84, demonstrating the scale’s good reliability when
gauging adolescent” LS. This scale gathers items such as “In most aspects, my life is the
way I want it to be” or “I am satisfied with my life”.

Lastly, the six-level Student’s Life Satisfaction Scale (SLSS) in Spanish (Appendix B)
was utilized. It was validated by Alfaro et al. [38] and had a Cronbach'’s alpha score of 0.70.
Items 3 and 4 were inverted to make it easier to interpret the results. The scale ranged from
“strongly disagree” (1) to “strongly agree” (6).

2.4. Statistical Analysis

The SWLS items and overall scores were analyzed using descriptive statistics. The nor-
mality of the data was evaluated using the Kolmogorov-Smirnov test. The Mann-Whitney
U test was used to analyze differences by sex and living environment in light of the
non-normal distribution. Hedges’ g was used to calculate effect sizes.

The Solomon approach was used to randomly split the sample into two subsamples
in order to examine the psychometric characteristics of the SWLS. One subsample was
subjected to exploratory factor analysis (EFA) using the software FACTOR v.10.10.02, while
the other was subjected to confirmatory factor analysis (CFA) using AMOS v.26.0.0. Sample
adequacy was evaluated using the Kaiser-Meyer-Olkin (KMO) metric and Bartlett’s test
of sphericity.

Also, multigroup CFA was used to examine measurement invariance across groups
(gender and residential environment). Spearman correlation with a well-being scale that
had been validated in Spanish adolescents (SLSS) was used to assess concurrent validity.

Intraclass correlation coefficients (ICCs) with 95% Cls were used to evaluate temporal
stability and test-retest reliability. Additionally, the minimal detectable change (MDC) and
the standard error of measurement (SEM) were computed.
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3. Results
3.1. Descriptive Statistics and Differences

The descriptive statistics and differences for each of the items that make up the SWLS
questionnaire by gender and setting are presented in Table 2. In terms of effect size, values
below 0.20 are considered to have no effect, a modest influence for coefficients between
0.21 and 0.49, a moderate effect for values between 0.50 and 0.79, and a substantial effect
for values above 0.80 [39].

Table 2. Descriptive statistics and differences on SWLS scale.

Total Men Women Rural Urban
It
em e IOR Me IOR Me IQR p g Me IOR Me IQR p g
1 400 20 400 20 400 10 001 018 400 20 400 20 093 004
2 500 10 500 10 400 10 003 022 400 10 500 10 046 005
3 500 10 500 10 500 10 <00l 022 500 10 500 10 053 001
4 400 10 500 10 400 10 005 013 500 10 400 10 <001 023
5 400 20 400 20 400 20 001 020 400 20 400 20 023 013
SWLS 420 10 440 10 400 10 <001 026 420 10 420 10 084 001

Note: Me = median value; IQR = interquartile range; g = Hedges’ g; SWLS: Satisfaction with Life Scale.

Looking at the gender variable, male students showed statistically significantly higher
scores on all items of the questionnaire. However, items 1 and 4 showed insignificant effect
sizes, although the rest of the items and the total score showed modest effects. Moreover,
some item-level differences were observed by residential environment, with urban students
showing higher scores in items one, two and five, although in items three and four, rural
students obtained a higher mean score. The sole item that also revealed statistically
significant differences favoring students from rural contexts was item 4, indicating a
modest effect of these differences.

3.2. EFA and CFA

First, the sample was divided into two equal subsamples using Solomon’s method [40],
one for the EFA and the other for the CFA. This allows analysis of whether the model
explored in one subsample (EFA) is replicated in a second (CFA), establishing a proce-
dure in which all possible sources of common variance are equally represented in each
subsample. The RULS method enabled the identification of a unidimensional structure
for the questionnaire (Table 3), supported by the amount of variance explained through
eigenvalues [41] and the reliability estimates obtained via expected a posteriori (EAP)
scores [42].

Table 3. Eigenvalues and variance proportion for the items of the scale.

Items Eigenvalues Proportion of Variance
1.  Inmost ways, my life is close 3.37 0.67
to my ideal. . .
2. The conditions of my life 0.52 0.10
are excellent.
I am satisfied with my life. 0.48 0.09
So far, I have gotten the 0.45 0.09

important things I want in life.

5. IfIcould live my life over, I 018

0.04
would change almost nothing.
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Due to the outcome, no rotation mechanism was selected because the structure was
one-dimensional. The feasibility of conducting the EFA was confirmed through favorable
sample adequacy metrics, with a KMO value of 0.834 and a statistically significant Bartlett’s
test result (x> = 551.3; df = 10; p < 0.001). Table 4 presents the factor loading matrix for a
one-factor solution comprising five items.

Table 4. Unrotated loading matrix.

Items Load Communality
1. In most ways, my life is close to my ideal. 0.73 0.53
2. The conditions of my life are excellent. 0.79 0.62
3. Iam satisfied with my life. 0.92 0.84
4. So far, I have gotten the important things I 0.70 0.49
want in life.
5. IfIcould live my life over, I would change 0.72 0.52

almost nothing.

Once the EFA confirmed the structure of the scale, a CFA was conducted using the
second subsample to assess the model’s characteristics (see Figure 1). All items were
retained, as they satisfied the established criteria: absence of cross-loadings above 0.40,
communalities exceeding 0.30, and factor loadings equal to or greater than 0.60.

ltem 1
ltem 2
Factor 1 ; ltem 3
| ltem 4
ltem 5

The model’s goodness-of-fit indices were found to be satisfactory, even though the
factorial structure was maintained without introducing correlations between the error
terms of items 4 and 5, as suggested in prior studies [25]. To assess model fit, several
indicators were considered: the chi-squared-to-degrees of freedom ratio (CMIN/DF) with a
threshold below 3 [43]; the root mean square error of approximation (RMSEA) and the root
mean square of residuals (RMSR), both expected to be under 0.08 [44,45]; and comparative
(CFI) and normed fit indices (NFI), with recommended values above 0.90 [46].

In this analysis, the CMIN/DF reached a value of 2.17 (x2 =10.86, df = 5), while the
CFI and NFI were 0.98 and 0.97, respectively. Additionally, the RMSEA and RMSR values
were 0.07 and 0.03, indicating an adequate model fit. Table 5 displays the standardized
factor loadings by group.

Figure 1. Factorial structure.
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Table 5. Factor loadings of different subgroups.

Men Women Rural Urban Total
Item Loadings Loadings Loadings Loadings Loadings
(R?) (R (R?) (R?) (R?)

058 (0.34)  0.59(0.35)  0.60(0.36)  0.59(0.35)  0.58 (0.34)
074 (055)  0.81(0.65)  0.73(0.54)  0.81(0.65)  0.77 (0.60)
0.84(0.70)  0.88(0.78)  0.81(0.65)  0.90(0.81)  0.76 (0.75)
061(0.37)  059(0.34)  0.61(0.38)  0.60(0.36)  0.59 (0.35)
5 058 (0.34)  0.65(043)  0.73(0.53)  0.56(0.31)  0.63(0.40)

Note: All standardized factor loadings estimated were statistically significant (p < 0.01).

= W N -

3.3. Measurement Invariance

Likewise, multiple multigroup confirmatory factor analyses were performed to assess
measurement invariance across groups. To determine whether the nested models demon-
strated invariance, a change in the comparative fit index (CFI) of less than 0.01 was used as
the evaluation criterion [47].

The fit indices obtained from the successive multigroup analyses revealed a variation
of less than 0.01 between the unconstrained and constrained models, thereby supporting
the presence of measurement invariance across both variables (Table 6).

Table 6. Metric invariance for gender and demographic location.

Gender
Model x2 df CMIN/DF CFI NFI RMSEA RMSR ACFI
Unconstrained 19.35 8 2.42 0.984 0.97 0.06 0.03
Configural Invariance 23.12 12 1.93 0.984 0.97 0.05 0.04 <0.01
Metric Invariance 30.27 17 1.78 0.982 0.96 0.04 0.04 <0.01
Scalar Invariance 31.51 18 1.75 0.981 0.96 0.04 0.04 <0.01
Demographic Location
Model x2 df CMIN/DF CFI NFI RMSEA RMSR ACFI
Unconstrained 19.93 8 2.49 0.984 0.97 0.06 0.03
Configural Invariance 27.79 12 2.32 0.979 0.96 0.06 0.05 <0.01
Metric Invariance 39.91 17 2.35 0.969 0.95 0.06 0.05 >0.01
Scalar Invariance 39.91 18 2.22 0.967 0.95 0.05 0.05 <0.01

3.4. Internal Consistency, Concurrent Validity, and Temporal Stability

Furthermore, as measures of scale reliability, McDonald’s omega and Cronbach’s
alpha were employed [48]. As far as internal consistency is concerned, the scale showed
acceptable values in both measurement times: Cronbach’s alpha (time 1 = 0.83, time 2 = 0.82)
and McDonald’s omega (time 1 = 0.83, time 2 = 0.82).

In the same vein, the analysis of the relationship between the SWLS and SLSS scores
indicated a statistically significant and direct correlation of moderate magnitude (p = 0.60,
p < 0.001).

Finally, in order to assess the temporal stability of the SWLS, test-retest reliability was
assessed using the intraclass correlation coefficient (ICC) between the two measurement
times with 95% confidence interval. These results were classified by the intervals defined
by Cicchetti [49]: poor (<0.40), fair (0.40-0.60), good (0.60-0.75), or excellent (>0.75). In
accordance with recommendations for selecting the ICC [50], it was based on two-way
random effects, utilizing the mean of multiple measurements and absolute agreement. Fur-
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thermore, calculations were made for the minimal detectable change (MDC) and standard
error of measurement (SEM) [51,52].

The values related to temporal stability are shown in Table 7. The ICC between 0.6
and 0.75 showed good reliability of the questionnaire in the two data collections.

Table 7. Temporal stability.

SWLS M (SD) ICC (95% CI)  SEM MDC (%) MDC90 (%)  MDC95 (%)
Time 1 4.06 (0.77)
T s 24065 070062076 039 0.88(1332) 091 (21.92) 1.08 (26.12)

Note: M = mean value; SD = standard deviation; ICC = intraclass correlation coefficient; SEM = standard error of
measurement; MDC = minimal detectable change.

4. Discussion

The primary objective of this study was to evaluate the psychometric properties of
the SWLS in a population of adolescents belonging to a region of southeastern Spain
(Extremadura), as well as to confirm its metric invariance according to gender and the
environment where they live. Likewise, an update of the current state of LS of adolescents in
the region was produced, finding differences in the sex variable and in the area of residence.

As for the differences found in gender, the most current literature exploring SL at the
international level in some thirty countries shows that in general terms, female adolescents
show lower levels compared to their male peers [53]. In the Spanish context, Aymerich
et al. [54] conducted a retrospective study in 600 Spanish adolescents, identifying female
students as the most vulnerable, with the most dangerous period being from 10 to 12 years
of age. Likewise, in a sample of 2400 adolescents aged 12 to 17 years in southern Spain,
Reina Flores et al. [55] found similar results. However, Casas Aznar et al. [56] found
positive differences favoring females in a large number of adolescents enrolled in secondary
education. As researchers note [57], these discrepancies could be due to females having
more social support, but revealing negative emotions more often than men in daily life,
causing LS levels to level out over time.

To the best of the authors” knowledge, there is a dearth of scientific research examining
how adolescent behavior varies depending on their place of residence. Overall, Marquez
and Long [58] assessed LS levels in 15-year-old adolescents from 46 nations and discovered
that in spite of the recent reduction, pupils from rural settings had higher levels. Similar
findings were reported in an Indian study that examined university students’ LS in this
setting, which explained why urban students performed worse because of their busy
schedules and stress accumulation [59]. However, the latest scientific publications indicate
that the trend is towards equality, finding similar scores for students in both contexts,
although this varies depending on the society being studied [60]. Numerous psychosocial
reasons could be the cause of the lack of notable variances. For instance, adolescents
living in urban settings may experience higher levels of academic anxiety, lower feelings of
belonging at school, and more exposure to victimization, insecurity, and family conflict, all
of which are linked to behavioral problems and poorer psychological well-being [61-66].
Potential urban benefits, including greater access to services or educational opportunities,
may be offset by these pressures. According to Jiménez Boraita et al. [67] and Sharma
et al. [59], rural youth’s reported LS may also be influenced by their greater levels of
health-related well-being and longer sleep duration.

In this sense, the results confirmed adequate values in the sample of Spanish-speaking
adolescents, as other studies had previously ratified [34,68]. This study established a
unifactorial structure composed of five items that yielded good goodness-of-fit indices, like
other international studies [69,70], though despite the improvement in these indices, the
correlation of items four and five was not necessary to statistically define the model, as
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recent studies pointed out [32,71]. Likewise, the reliability values obtained are in agreement
with previous studies carried out on samples of adolescents in the same country [34,35].

Regarding metric invariance, numerous studies have tested the gender variable. In
this sense, Emerson and collaborators have already indicated that gender bias in the
questionnaire was not a factor to be taken into account [72]. More recent studies focusing
on adolescent populations have confirmed this assertion: in France [73], India [32], and
Peru or Portugal [74]. Likewise, Jovanovi¢ et al. [71] carried out a study of the scale in
24 countries, asserting the metric invariance of the instrument with respect to gender in
21 of the regions explored. However, they suggested that this invariance should not be
taken for granted and needed to be evaluated prior to the application of the questionnaire,
mainly due to the complexity of the results obtained.

To the authors” knowledge, the environment in which the adolescent resides has not
been the subject of study in terms of metric invariance. Nevertheless, it has been pointed
out as an important limitation in previous research, due to the fact that there are many
regions in which the population is evenly distributed between urban and rural areas [75].

Moreover, moderate concurrent validity was obtained when compared with another
measurement scale of the same construct, as already demonstrated in previous litera-
ture [75,76]; however, there are few studies in which it is compared with another uni-
factorial measure of LS. On the other hand, temporal stability remains a parameter little
analyzed in the different SWLS validations. The vast majority of studies use bivariate
correlations to assess the temporal stability of the instrument [32,77], although the statisti-
cal literature has pointed out that the ICC is more appropriate for assessing the temporal
stability of measures associated with health-related quality of life because the measures to
be compared at both instants are randomly selected [78]. In this context, Silva et al. [30]
found very similar test-retest results to those of this study.

Limitations and Future Lines

This research presents a series of limitations like any other. First, no data were
collected from students at baccalaureate level (from 16 to 18 years old), so LS levels in
late adolescence cannot be contrasted. Also, the results of this study should be regarded
cautiously primarily because of its design, which makes it impossible to establish case—effect
correlations. Furthermore, because it was limited to the community of Extremadura,
sociocultural factors could have affected the outcomes, in addition to the convenience
sampling technique used to choose the participants. Finally, there are few examples in the
scientific literature that explore the temporal stability of the questionnaire and the metric
invariance of the selected sample, the main reason for the study, so the results cannot
be verified.

Future studies should try to include teenagers from different regions of Spain in
the sample, going beyond the current regional setting. This would improve the findings’
generalizability and provide a more thorough comprehension of life happiness in many
sociocultural contexts. Furthermore, adding further waves of data collection would make it
easier to create longitudinal research on adolescent well-being and enable the assessment of
long-term temporal stability. In addition to expanding the geographic and temporal scope,
it would be very beneficial to incorporate other factors like social media use, academic
achievement, and socioeconomic position, all of which have been strongly connected to
teenage life satisfaction. More in-depth understanding of certain risk and protective factors
in the mental health of children and adolescents may be possible by investigating the ways
in which these variables interact with subjective well-being.
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Moreover, examining metric invariance across further subgroups—such as educational
stage or age—may help tailor well-being assessments to different developmental periods,
increasing the scale’s diagnostic precision. In the long term, validating brief and stable
tools like the Satisfaction with Life Scale (SWLS) may support the creation of screening
protocols and personalized interventions in educational and community settings. These
insights could inform the design of targeted mental health policies and programs that
foster comprehensive development and emotional resilience in adolescents, particularly in
underrepresented or vulnerable populations.

In practice, schools and educational authorities might use short, validated instruments
like the SWLS to conduct periodic LS evaluations in order to identify children who may
be at risk of poor well-being and send them to school professionals or mental health
specialists. Additionally, preparing educators to analyze and use these findings may
facilitate the incorporation of emotional health into lesson planning, particularly in high-
stress settings [79,80]. Using brief, dependable measures would enable cost-effective
large-scale monitoring in underserved populations or remote schools where access to
psychological help is limited.

Moreover, by integrating LS metrics into youth development initiatives, public health
authorities might direct funding toward areas or populations with consistently low satisfac-
tion ratings. Using information from LS evaluations to design focused workshops on social
belonging, stress management, and emotional regulation would allow for evidence-based
interventions centered on the real needs of teenagers.

5. Conclusions

A tool widely validated in other contexts that allows the analysis of LS levels in
adolescents was assessed in a sample of students from the Autonomous Community
of Extremadura (Spain). The results suggested a monofactorial structure composed of
five items, without the need for error correlation and reporting acceptable goodness-of-
fit indices. On the other hand, the instrument showed total invariance for gender and
configural invariance for the students’ place of residence. Likewise, reliability and temporal
stability indicators were also satisfactory within the specific sample. Nevertheless, these
findings should be interpreted with caution due to the regional nature of the sample, which
may limit the generalizability of the results.
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Appendix A

Table A1. Escala de Satisfaccion con la Vida (SWLS).

1.  Enlamayoria de los aspectos mi vida es como yo quiero que sea

2. Las circunstancias de mi vida son muy buenas

3.  Estoy satisfecho con mi vida

4. Hasta ahora he conseguido de la vida las cosas que considero importantes

5. Sipudiera vivir mi vida otra vez no cambiaria casi nada

Appendix B

Table A2. Escala de Satisfaccién con la Vida para Estudiantes (SLSS).

1. Mi vida va bien

2. Mivida es perfecta

®

Me gustaria cambiar muchas cosas de mi vida

-

Te gustaria tener otro tipo de vida

Tengo una buena vida

6. Tengo lo que quiero en la vida

7. Mi vida es mejor que la mayoria de los chichos/as de mi edad
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Abstract: Introduction/objectives: Brain development changes during adolescence are
directly linked to various cognitive and behavioral challenges characteristic of this stage.
The main objective of this study is to investigate the risks associated with Internet use and
its relationship with Executive Functions (EFs) and anxiety in a representative sample of
Spanish secondary school students. Methods: The sample consisted of 1164 participants
(48% males) aged 12 to 17 years (M age = 14.86; SD = 1.41) from five selected academic
centers. Executive Functions were assessed using the Adolescent and Adult Executive
Functioning Questionnaire (ADEXI), anxiety was measured with the Depression, Anxiety
and Stress Scale (DASS-21), and Problematic Internet Use (PIU) was evaluated with the
Internet Addiction Test (IAT). Results: Significant positive correlations were found between
the PIU, EF, anxiety, and cyberbullying variables. Predictive models were developed to
explain the different variables. Conclusions: The results emphasize the need to increase
awareness of these issues and to develop effective intervention strategies. Programs that
promote responsible Internet use, along with classroom activities addressing anxiety and
Executive Functions, could provide clear benefits.

Keywords: Executive Functions; anxiety; cyberbullying; cybervictimization; Problematic
Internet Use; adolescence

1. Introduction

Adolescence is a stage characterized by numerous changes, including psychological
and emotional changes [1]. During this period, a social shift occurs in which peer relation-
ships gain greater significance [2]. Although this phenomenon has always been present, its
manifestation has varied across generations.

Currently, adolescence is accompanied by increasing use of Information and Commu-
nication Technologies (ICTs). About 92% of young people aged 10 to 15 are frequent Internet
users [3]. While its use is widespread and brings numerous benefits, the literature indicates
that inappropriate or excessive use may have significant psychological and behavioral
consequences [4]. Although it occurs across all groups and sectors, its greater prevalence
among adolescents raises more concerns about the potential negative consequences for
this population. Problematic Internet Use (PIU) is at the core of these concerns, and it
refers to a behavioral pattern characterized by a loss of control over Internet use, which
leads to negative consequences in daily life, such as academic difficulties, physical and
mental health problems, and conflicts in social and family relationships. This problematic
use differs from normal use of social media or the Internet in that the former significantly
interferes with an individual’s daily functioning, whereas the latter comprises use through
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balanced integration in adolescents’ lives without causing adverse effects [5]. As previously
mentioned, adolescence is one of the most sensitive developmental periods [6]. With age,
Internet use tends to normalize, becoming a tool used more frequently in professional
settings and less for recreational purposes; adults are generally more aware of the problem
and the negative effects of excessive use, and they tend to show greater self-regulation [7,8].

Another risk factor in PIU, in addition to age, is gender. Various authors have pointed
out that although boys tend to spend more time on the Internet [9], it is girls who show more
problematic patterns of use [4,10]. Although these findings remain controversial, given
the many variables that must be considered, they are nonetheless consistent with the fact
that girls are more prone to seeking approval and engaging in social comparison [11]. As a
result, they experience a stronger emotional impact (such as anxiety and /or depression and
damage to self-esteem and self-image) when using social media and messaging platforms.
Boys, in contrast, tend to seek out challenge and competition, often through video games
and using them as a means of social connection [11]. In this way, we observe that this
phenomenon has led to a range of issues, among which cyberbullying can be found. In
Spain, cyberbullying has been identified as one of the most prevalent forms of bullying,
particularly among youth [12], and, in recent years, reports of cyber-related offences against
minors, including cyberbullying, have shown a steady increase. This phenomenon has
reached up to a 72% rate of prevalence [13]. Moreover, this growing concern is supported
by recent evidence showing that Problematic Internet Use (PIU) is a significant predictor
of changes in emotional well-being, externalizing behaviors, and Internet-related risky
behaviors, including cyberbullying. One study [14] found that high levels of PIU predicted
increases in both proactive and reactive aggressive behaviors, a decrease in positive emo-
tions, and, consequently, a rise in cyberbullying, both in terms of cybervictimization and
cyberaggression. These findings are consistent with previous research [15,16], suggesting
that adolescents who spend more time online and use the Internet in maladaptive ways are
more exposed to its risks, which can increase their involvement in cyberbullying dynamics.

This inappropriate use of ICT and its associated consequences are closely linked to
brain development changes characteristic of this stage. One of the most affected elements
is Executive Functions (EFs) [17], which enable intentional and deliberate interactions with
the world. They include, but are not limited to, attention and concentration, impulse control,
decision making, task monitoring, and working memory [18]. These functions serve as
essential tools in daily activities that form the foundation of cognitive, psychological, and
social development. They emerge from the development of the prefrontal cortex and
its connections with other brain regions, beginning in infancy and continuing through
adolescence and early adulthood. They are shaped by environmental factors, such as stress,
sleep, physical health, and brain plasticity [19]. A study [20] assessed whether there are
differences between inhibitory control and cognitive flexibility among victims, perpetrators,
bully victims, and witnesses of bullying, and their findings revealed differences in cognitive
flexibility, which was lower in victims, but no significant differences in inhibitory control.

Similarly, several studies have investigated the relationship between EFs and psycho-
logical symptoms in adolescence, given that, as mentioned earlier, this stage is typically
marked by an increased prevalence of emotional difficulties [21,22] It has been found that
good use of EFs is associated with a better ability to process emotional information, thereby
enabling the capacity to confront personal and social situations with better resilience and
coping skills [23]. Consequently, these cognitive abilities also help reduce anxious and
depressive symptoms, as they allow individuals to identify and regulate self-destructive
thoughts on an emotional level [24]. Regarding externalizing behaviors, research has
shown [25] that aggression in children is negatively associated with executive functioning;
thus, young people with a prosocial attitude are better able to recall and apply assertive
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strategies in situations involving anger. These individuals, possessing stronger EFs, may be
more capable of inhibiting aggressive responses [26]. The authors also found a bidirectional
relationship between peer conflict and EFs in childhood and adolescence, as children and
adolescents involved in more interpersonal conflicts tended to exhibit poor functioning.

Considering these findings, deficits in EFs, particularly poor working memory, plan-
ning, and inhibitory control, can be understood as potential individual risk factors that
could predict and explain the mechanisms underlying aggressive behaviors during this
developmental stage [27,28]. The literature extensively reports an inverse relationship be-
tween EFs and aggressive behavior [29-32]. For instance, a study conducted with preschool
children demonstrated that higher scores related to behavioral problems coincided with
lower performance on EF assessments [33]. Furthermore, a systematic review [34] analyzed
multiple studies proposing that Executive Functions should be considered key factors
for understanding the individual characteristics underlying aggressive behavior, which
consequently sustain bullying dynamics. Among the reviewed studies, those of [25,34—40]
stood out, determining that EFs (working memory, shifting, and inhibition) correlated
significantly with various forms of aggression and played a crucial role in regulating this
type of behavior. Inhibitory control is fundamental because it allows individuals to regulate
inappropriate behaviors in specific contexts and respond appropriately to complex situa-
tions, thereby facilitating effective adaptation to constantly changing environments and
contributing to the prevention of behavioral problems [41]. Likewise, working memory,
along with cognitive flexibility, also represents one of the core processes and plays a critical
role in resolving social conflicts [42].

Furthermore, using the brief EF questionnaire Webexec with adolescents from Spain,
one study [43] aimed to analyze whether Webexec correlated with internalizing symptoms,
such as anxiety and aggressive behavior. Their findings indicated a positive correlation
between EFs and these symptoms. Another study obtained similar results, particularly
highlighting a greater difference in the state of anxiety [44]. Furthermore, in another study;,
the findings not only reinforced the relationship between EFs and manifestations of anxiety
and/or depression but also emphasized its importance in the educational context [45].
Consistent with this evidence, other studies have linked anxiety to different EF compo-
nents, such as inhibition, cognitive flexibility, working memory, organization, categorizing,
planning, attention, verbal fluency, decision making, initiative, and emotional regulation,
among others. According to [46], there is an inverse correlation between anxiety and
inhibitory capacity. However, they found no significant relationship between anxiety and
other EF components. In contrast, another study [47] aimed to determine whether anxiety
symptoms were associated with dysexecutive symptomatology and found a significant
positive correlation between the two. A different study analyzed the relationship between
levels of anxiety in adults and their capacity for problem resolution, concluding that the
subjects with higher levels of anxiety exhibited more difficulties in problem resolution tasks
compared to those with lower anxiety levels [48].

On the other hand, given the strong relationship between these psychological pro-
cesses, their impact on social media and Internet use can be easily understood. A conducted
study [49] analyzed the relationship between PIU and Executive Functions, specifically in-
hibitory control, planning, and goal achievement. The results showed that lower inhibitory
control was associated with PIU and was more frequent in the older age group. Likewise, its
relationship to psychopathological mechanisms has been described [50]. A study reviewed
the psychological and physical variables that could be associated with PIU and found that
anxiety was among them [51]. Similarly, [52] confirmed a significant and direct correlation
between PIU and social anxiety, as well as obsessive-compulsive responses. As previously
mentioned, one of the consequences of PIU is the emergence of issues like cyberbullying.
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Some authors, such as Yudes-Gémez et al. [53], have identified PIU as a strong predictor of
both cyberbullying and cybervictimization. Through a study of a large sample of primary
and secondary school students, an 8% prevalence of cyberbullying was found, along with
high levels of anxiety, aggressiveness, and shifts in interests related to problematic ICT use
among both perpetrators and victims compared to non-involved individuals [54].

Based on the review of the current literature, the objectives of this study are defined
as focusing on exploring the relationships between various psychological and behavioral
factors relevant to adolescence. The main objective is to investigate the risks associated with
Internet use and its relationship with Executive Functions and anxiety in a representative
sample of secondary school students (aged 12 to 17). The specific objectives include
examining the relationship between three of these phenomena, PIU, cybervictimization,
and cyberbullying, and the previously mentioned variables. It is expected that greater
difficulties in EFs and higher levels of anxiety may be linked to increased vulnerability to
these factors. Accordingly, the hypotheses proposed are as follows. (H1) There will be a
higher likelihood of PIU among students with EF difficulties, high anxiety levels, and a
history of experiencing or perpetrating cyberbullying. (H2) Students will be more likely to
suffer cybervictimization when they present EF deficits and high anxiety levels and engage
in PIU. (H3) A higher likelihood of committing cyberbullying will be associated with EF
deficits, high anxiety levels, and PIU.

2. Materials and Methods
2.1. Participants

The sample consisted of 1164 participants (560 males and 604 females). A convenience
sampling method was used, as access was readily available to students in the 7th to 11th
grades (Educacion Secundaria Obligatoria and 1° de bachillerato in Spain) in the province of
Alicante (Spain). According to official data from the Instituto Nacional de Estadistica (INE),
the total population of adolescents aged 12 to 17 in the province of Alicante as of 1 January
2023 was 128,312. Therefore, the sample represents approximately 0.91% of the target
population in this region. In addition, although a convenience sampling method was used,
both private (1) and public (4) schools from the province were included to increase the
heterogeneity of the recruited population in terms of school type. Among the participants,
11.2% were in 7th grade, 25.9% were in 8th grade, 28.6% were in 9th grade, 21.5% were
in 10th grade, and 12.9% were in 11th grade. Thus, the age range was 12 to 17 years
(M = 14.86; DT = 1.41). Table 1 presents the distribution of the sample by sex and age.

The chi-square test for homogeneity showed no statistically significant differences
based on gender or school grade (x? = 9.79; p = 0.28). Cramer’s V was 0.06, indicating a
small effect size or a weak association.

Table 1. Sample distribution by sex and school grade.

School Grade
Total
7th 8th 9th 10th 11th
N 58 141 164 130 67 560
Male
5 % 5.0 12.1 14.1 11.2 5.8 48.1
ex
N 72 160 169 120 83 604
Female
% 6.2 13.7 14.5 10.3 7.1 51.9
N 130 301 333 250 150 1164
Total

% 11.2 25.9 28.6 21.5 12.9 100.0

Note: 7th to 10th grades correspond to Educacion Secundaria Obligatoria (ESO) and 11th grade corresponds to 1st of
Bachillerato in the Spanish educational system.
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2.2. Instruments

To assess Executive Function (EF), the Executive Function Questionnaire for Adolescents
and Adults was used [55]. This questionnaire is specifically designed for adolescents and
adults and consists of 14 items evaluated on a 5-point Likert scale, where 1 corresponds to
“definitely not true” and 5 corresponds to “definitely true”. Higher scores indicate greater
difficulties in the use of EFs. The questionnaire encompasses two subscales: working memory
and inhibitory control. The working memory subscale includes 9 items (e.g., “I have difficulty
remembering lengthy instructions”), while the inhibitory control subscale consists of 5 items
(e.g., “I sometimes have difficulty stopping an activity I like”). This instrument has demon-
strated strong reliability and internal consistency across all of its subscales (working memory
o = 0.87; inhibition « = 0.72), as well as for the total score (« = 0.90).

To assess the variable anxiety, the short version of the Depression, Anxiety and Stress
Scale (DASS-21) [56] was used. This is a self-reported measure divided into three subscales
that evaluate the presence and severity of depression, anxiety, and stress. It employs a
Likert-type response scale ranging from 0 to 3 points. Each subscale consists of 7 items,
and the total score (ranging from 0 to 21 points) is obtained by summing up the scores of
the three subscales. The instrument has demonstrated high reliability and strong internal
consistency across all of its subscales («x = 0.86). For this study, only the anxiety subscale
was used.

To assess PIU, the Internet Addiction Test (IAT) Spanish version [57] was used.
This assessment tool consisting of 20 items rated on a 5-point Likert scale (1 = rarely to
5 = always) evaluates symptoms of Internet addiction through 3 factors: loss of control
(inability to control use and neglect of duties), emotional need (satisfaction of emotional
needs), and dependence. For Spain, the three factors accounted for 46.68% of the variance.
Factor 1 (7 items) explained 18.16% of the variance and measured social and occupa-
tional dysfunctions, as well as difficulties with time management. Factor 2 (8 items)
explained 15.55% of the variance and measured psychological conflicts related to Internet
use. Factor 3 (4 items) explained 13.14% of the variance and measured affective reactions.
Item 14 did not load significantly onto any factor. This model demonstrated excellent fit
(CFI =0.989; TLI = 0.987; RMSEA = 0.023; SRMR = 0.040). The total score of the 20 items
ranges from 20 to 100, where 20 to 39 suggests controlled Internet use, 40 to 69 represents
frequent problems due to Internet use, and scores from 70 to 100 correspond to significant
problems related to Internet use. It demonstrates good internal consistency (loss of control
o = 0.81, emotional need o = 0.78, dependence « = 0.75, total o« = 0.91) [58].

In order to evaluate cyberbullying, the Cyberbullying: Screening of Peer Harassment
Questionnaire [59] was used. This is a self-reported measure consisting of two sections that
assess different forms of harassment: face-to-face bullying and a broad set of digital harass-
ment behaviors (cyberbullying). The present study focuses specifically on the latter. The
questionnaire measures 15 types of harassment behaviors through digital means. Among
the behaviors assessed are sending offensive and insulting messages, sexual harassment,
spreading photos or videos, password theft, social exclusion on social media, threats, and
defamation, among others. It includes three roles, victims, perpetrators, and observers,
although only the first two were measured in this study. The instrument employs a triangu-
lar response system where the respondent indicates whether they have experienced these
harassment behaviors as a victim or perpetrated them as an aggressor over the past year.
It consists of 30 items rated on a 4-point Likert scale (0 = never to 3 = always). The test
demonstrates adequate internal consistency (x = 0.91), as reported by the authors, and its
structure comprises three factors (victim, aggressor, and observer), which explain 40.15% of
the variance [60]. The reliability indices for the cyberbullying subscales in the study sample
were satisfactory in terms of victimization (« = 0.87) and aggression (o« = 0.89).
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2.3. Procedure

Initial contact was established with the schools to conduct the study, followed by a
meeting with the administrative team and the guidance department. During this meeting,
the objectives of the study were presented, and both institutional approval and the collabo-
ration of educational staff were requested to facilitate the research process. Subsequently,
families (parents, guardians, and legal representatives) were informed about the purpose of
the study, and informed consent was obtained for the participation of minors. Of the total
recruited sample, only 1.2% (n = 15) of students did not participate in the study because
their parents did not provide the signed informed consent form. The questionnaires were
administered collectively in the corresponding classrooms, ensuring the anonymity of
responses. Throughout this phase, the research team was present at all times to clarify
any questions and to ensure that students completed the questionnaires independently
and without external influence. This supervision enabled a rigorous and controlled data
collection process, ensuring both the reliability of responses and adherence to ethical
research standards.

2.4. Statistical Analysis

To analyze the relationships between the different variables, the non-parametric
Spearman’s correlation coefficient test was used. The interpretation of the results follows
these criteria: values between 0.10 and 0.30 indicate a small effect size, values between
0.30 and 0.50 represent a moderate effect size, and values greater than 0.50 indicate a large
effect size [61].

To assess the predictive capacity of anxiety, Executive Functions, and cyberbully-
ing with regard to PIU, a binary logistic regression analysis was performed, following a
stepwise forward regression procedure based on the Wald statistic. This type of logistic
modeling allows for the estimation of the probability of an event occurring (in this case,
PIU) in the presence of one or more predictors (the other variables). For this purpose, the
odds ratio (OR) statistic was used. All outcome variables were transformed into dichoto-
mous variables based on the cutoff points established by the original authors. For the
cyberbullying variables, the cutoff point was 16; thus, a score equal to or greater than 16
was coded as “cybervictimization/cyberbullying”, and any score below 16 was coded as
“no cybervictimization/no cyberbullying”. The same procedure was applied to the PIU
variable, with a cutoff point of 40.

All analyses were conducted using the statistical software SPSS version 26.0.

3. Results
3.1. Correlations

First, a correlation analysis was conducted among the variables using Spearman’s
correlation coefficient.

The results show that the relationship between the variables is significant and positive
in all cases.

Regarding PIU, a moderate relationship was observed with Executive Functions
(0.30-0.33) and anxiety (0.31, 0.33), while the correlation with cyberbullying variables was
small (0.19-0.26). Concerning cybervictimization, a moderate relationship was found with
Executive Functions (0.31-0.37) and anxiety (0.36), whereas its correlation with PIU was
small (0.24-0.30). Cyberbullying showed a small relationship with inhibitory control (0.22)
and PIU components (0.19-0.23), while its correlation with working memory and anxiety
was low (Table 2).
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Table 2. Correlation between different variables.

1 2 3 4 5 6 7 8 9
1. EFwm 1
2. EFic 0.73 ** 1
4. Anx 0.44 ** 0.36 ** 0.44 ** 1
5. Cv 0.31 ** 0.37 ** 0.36 ** 0.36 ** 1
6.Cb 0.09 * 0.22 ** 0.15 ** 0.09 * 0.46 ** 1
7. PIUIc 0.26 ** 0.30 ** 0.30 ** 0.31** 0.24 ** 0.20 ** 1
8. PIUen 0.33 ** 0.33 ** 0.35 ** 0.33 ** 0.30 ** 0.23 ** 0.67 ** 1
9. PIUdep 0.30 ** 0.30 ** 0.32 ** 0.26 ** 0.26 ** 0.19 ** 0.69 ** 0.70 ** 1
Note. EFwm = Executive Function (working memory), EFic = Executive Function (inhibitory control),
Anx = anxiety, Cv = cybervictimization, Cb = cyberbullying, PIUlc = Problematic Internet Use (loss of con-
trol), PIUen = Problematic Internet Use (emotional need), PIUdep = Problematic Internet Use (dependence),
* correlation is significant at the 0.05 level (two-tailed), ** correlation is significant at the 0.01 level (two-tailed).
3.2. Logistic Regression
3.2.1. Problematic Internet Use Based on Executive Functions, Anxiety, Cyberbullying,
and Cybervictimization
From the data analysis, it was possible to create five predictive models for the explanation
of PIU. The logistic regression analyses indicate that PIU is explained by Executive Functions
(EFs), anxiety, cyberbullying, and cybervictimization among students. The two models in
which Executive Functions (working memory and inhibition) are the predictor variables
correctly classify 67.6% of cases (x? = 27.07; p < 0.001) and 68.4% of cases (x> = 38.89; p < 0.001),
with Nagelkerke’s R? values of 0.078 and 0.111, respectively. The anxiety-based model correctly
classifies 63.8% of cases (x> = 42.16; p < 0.001), with a goodness-of-fit value (Nagelkerke’s
R?) of 0.07. Finally, the PIU models based on cybervictimization and cyberbullying correctly
classify 60.1% of cases (x> = 56.72; p < 0.001) and 60.1% of cases (x> = 31.62; p < 0.001), with
Nagelkerke’s R? values of 0.07 and 0.04, respectively.
The odds ratios (ORs) of the models indicate that students are 1.07 and 1.15 times more
likely to exhibit PIU for each one-unit increase in their working memory and inhibition,
respectively. Additionally, adolescents have a 1.11 times higher probability of PIU for each
one-unit increase in anxiety levels. Likewise, students are 1.14 and 1.20 times more likely
to present PIU as their cybervictimization and cyberbullying scores increase by one unit,
respectively (see Table 3).
Table 3. Binary logistic regression of the probability of presenting PIU based on EFs, anxiety,
cyberbullying, and cybervictimization.
B S.E. Wald P OR C.I1.95%
EF working memory 0.07 0.01 25.51 <0.001 1.07 1.04-1.10
Constant —2.35 0.32 51.61 <0.001 0.09
EF inhibition 0.14 0.02 35.03 <0.001 1.15 1.10-1.21
Constant —2.83 0.36 60.13 <0.001 0.05
Anxiety 0.10 0.02 39.97 <0.001 1.11 1.07-1.14
Constant -1.72 0.21 63.92 <0.001 0.17
Cybervictimization 0.13 0.02 40.97 <0.001 1.14 1.09-1.18
Constant —0.45 0.07 35.01 <0.001 0.63
Cyberbullying 0.18 0.04 19.16 <0.001 1.20 1.11-1.30
Constant —0.29 0.07 18.39 <0.001 0.75

Note: B = coefficient; S.E. = standard error; p = probability; OR = odds ratio; C.I. 95% = confidence interval at 95%.
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3.2.2. Cybervictimization Based on EFs, Anxiety, and PIU

From the data analysis, it was possible to generate six predictive models that explain
cybervictimization. The logistic regression analysis shows that cybervictimization is ex-
plained by Executive Functions (EFs), anxiety, and PIU in students. The two models with
EFs (working memory and inhibition) as predictor variables correctly classified 63.2% of the
cases (x% = 31.89; p < 0.001) and 63.4% of the cases (x2 = 45; p < 0.001), with goodness-of-fit
values (Nagelkerke R?) of 0.08 and 0.12, respectively. The explanatory model using anxiety
correctly classified 64.8% of the cases (x> = 56.78; p < 0.001), with a goodness-of-fit value
(Nagelkerke R?) of 0.10. Finally, the models of cybervictimization using PIU (loss of control,
emotional need, and dependence) correctly classified 61.7% ()(2 =40.65; p < 0.001), 63.5%
(x? = 63.32; p <0.001), and 63% (X% = 46.34; p < 0.001) of the cases, with goodness-of-fit
values of 0.05, 0.08, and 0.06 (Nagelkerke RZ), respectively.

The odds ratios (ORs) of the models indicate that students have 1.07 and 1.16 times
higher probability of being cybervictims for each one-unit increase in their working memory
and inhibition, respectively. Additionally, adolescents have a 1.14 times higher probability
of experiencing cybervictimization for each one-unit increase in their anxiety. PIU also
explained cybervictimization. Specifically, students have 1.08, 1.11, and 1.17 times higher
probability of experiencing cybervictimization for each one-unit increase in their PIU scores
(loss of control, emotional need, and dependence, respectively) (see Table 4).

Table 4. Binary logistic regression of the probability of experiencing cybervictimization based on EFs,

anxiety, and PIU.

B S.E. Wald p OR C.I. 95%

EF working memory 0.07 0.01 28.45 <0.001 1.07 1.05-1.10
Constant —1.14 0.30 14.26 <0.001 0.32

EF inhibition 0.15 0.02 39.16 <0.001 1.16 1.11-1.22
Constant —1.57 0.33 23.20 <0.001 0.21

Anxiety 0.13 0.02 47.65 <0.001 1.14 1.09-1.18
Constant —1.05 0.22 21.84 <0.001 0.35

PIU loss of control 0.08 0.01 38.02 <0.001 1.08 1.06-1.11
Constant —0.83 0.21 15.5 <0.001 0.44

PIU emotional need 0.11 0.01 54.61 <0.001 1.11 1.08-1.14
Constant —1.03 0.20 26.02 <0.001 0.36

PIU dependence 0.16 0.03 41.39 <0.001 1.17 1.12-1.23
Constant —0.71 0.18 15.02 <0.001 0.49

Note: B = coefficient; S.E. = standard error; p = probability; OR = odds ratio; C.I. 95% = confidence interval at 95%.

3.2.3. Cyberbullying Based on EFs, Anxiety, and PIU

From the data analysis, it was possible to create six predictive models for the expla-
nation of cyberbullying. The logistic regression analyses indicate that cyberbullying is
explained by Executive Functions (EFs) and PIU among students. No statistically signif-
icant results were found for anxiety or working memory. The model with inhibition as
the predictor variable correctly classified 62.7% of the cases (x> = 31.89; p < 0.001), with
a goodness-of-fit value (Nagelkerke R?) of 0.04. The models of cyberbullying using PIU
(emotional need, loss of control, and dependence) correctly classified 64.9% (x? = 37.05;
p <0.001), 64.2% (x% = 31.75; p <0.001), and 64.2% (x% =28.27; p < 0.001) of the cases, with
goodness-of-fit values of 0.05, 0.04, and 0.04 (Nagelkerke R?), respectively.

The odds ratios (ORs) of the models indicate that students are 1.09 times more likely to
engage in cyberbullying for each one-unit increase in their inhibition. Additionally, students
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have 1.07, 1.08, and 1.13 times higher probability of experiencing cybervictimization for
each one-unit increase in their PIU scores (loss of control, emotional need, and dependence,
respectively) (see Table 5).

Table 5. Binary logistic regression of the probability of perpetrating cyberbullying based on EFs,

anxiety, and PIU.

B S.E. Wald p OR C.I. 95%

EF inhibition 0.08 0.02 14.25 <0.01 1.09 1.04-1.13
Constant —1.65 0.32 26.98 <0.01 0.19

PIU loss of control 0.07 0.01 30.88 <0.01 1.07 1.05-1.10
Constant —1.70 0.21 62,79 <0.01 0.18

PIU emotional need 0.07 0.01 35.63 <0.01 1.08 1.05-1.10
Constant —1.64 0.19 73.53 <0.01 0.19

PIU dependence 0.12 0.02 27.65 <0.01 1.13 1.08-1.18
Constant —1.48 0.18 65.34 <0.01 1.12

Note: B = coefficient; S.E. = standard error; p = probability; OR = odds ratio; C.I. 95% = confidence interval at 95%.

4. Discussion

The main objective of this research was to analyze the risks associated with Inter-
net use during adolescence and their relationship with Executive Functions (EFs) and
anxiety. More specifically, the interaction between three key phenomena was examined—
Problematic Internet Use (PIU), cybervictimization, and cyberbullying—and their link to
these psychological variables, with the aim of better understanding the factors that may
influence the development of risky behaviors in digital environments.

As a preliminary step, the distribution of the sample by sex and age was analyzed,
and no statistically significant differences were found. This aligns with findings reported
by other researchers [62-64].

The first hypothesis (H1) proposed that Problematic Internet Use (PIU) would be more
frequent in adolescents with lower development of Executive Functions, higher levels of
anxiety, and a history of cyberbullying and cybervictimization. The results confirmed this
hypothesis, both through significant positive correlations and regression analyses, in which
five predictive models were developed to explain PIU based on Executive Functions (EFs),
anxiety, cyberbullying, and cybervictimization.

The findings align with previous research that has identified an association between
deficits in inhibitory control and PIU in adolescents, as demonstrated through multiple
linear regression analyses [24]. Similarly, systematic reviews have indicated that certain
psychological and physiological variables, including anxiety, may be related to the devel-
opment of PIU [49]. Furthermore, recent studies have shown a significant relationship
between PIU, cyberbullying, and cybervictimization, suggesting that interaction dynamics
in digital environments may act as a risk factor for the development of this behavior [50,53].

Difficulties in Executive Functions (EFs) can lead to a pattern of PIU, where a lack
of self-control, planning, and emotional regulation fosters greater dependence on online
interactions [49]. This tendency is reinforced by impulsivity and difficulties in manag-
ing time and priorities, which can lead individuals to neglect their academic, work, or
social responsibilities [50].

In this context, anxiety plays a key role, as many individuals turn to the Internet as
a maladaptive emotional regulation strategy, seeking temporary relief from their distress
through excessive consumption of digital content or interaction on social media [52].
However, this type of coping mechanism can perpetuate Internet dependency, creating
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a vicious cycle in which avoiding anxiety through excessive use of electronic devices
ultimately exacerbates the problem.

Sense of belonging plays a central role during adolescence and is essential for under-
standing the difficulties related to psychological development and school adjustment. A
study [65] examined the relationship between belonging at school and belonging on social
media, finding that both variables were negatively correlated with psychological malad-
justment and academic performance, with social media addiction acting as a mediating
factor. This impact on adolescents’ psychological health and school adaptation is crucial
for understanding how the phenomenon of cyberbullying emerges. Moreover, disruptions
in sense of belonging may also help explain why some adolescents seek refuge in online
environments or become involved in harmful digital behaviors, reinforcing the patterns
observed in Problematic Internet Use.

Furthermore, the impact of PIU can be observed in both victims and aggressors. Vic-
tims, feeling rejected or excluded in face-to-face social environments, may use the Internet
as an escape mechanism, seeking refuge in virtual communities or online relationships
that provide them with a sense of belonging. On the other hand, aggressors, in addition to
using digital platforms to harass their victims, often exhibit higher levels of impulsivity
and low inhibitory control, which facilitates the repetition of aggressive behaviors without
adequate reflection on the consequences of their actions [20].

These elements collectively reinforce the need for interventions aimed at strengthening
Executive Functions, promoting strategies that enable more conscious and adaptive use of
the Internet, as well as effective tools for managing anxiety and preventing cyberbullying.
Understanding these mechanisms is essential for designing prevention and intervention
programs that reduce the negative effects of PIU and promote a healthy balance in the use
of digital technologies.

The second hypothesis (H2) proposed that students would have a higher probability
of experiencing cybervictimization when they exhibited difficulties in Executive Functions
(EFs), high levels of anxiety, and PIU. This relationship is explained by various psycho-
logical and behavioral factors that may increase the vulnerability of young people in
digital environments.

First, young people with higher anxiety may be more likely to become victims of
cyberbullying, as they tend to show signs of emotional insecurity that can be perceived
and exploited by aggressors. Additionally, lower competence in social skills may hinder
their ability to defend themselves or seek help, increasing their helplessness in the face of
online attacks. Furthermore, anxiety can lead to increased time spent in the digital world,
thereby raising the likelihood of encountering risky situations [20].

On the other hand, difficulties in Executive Functions (EFs) can also contribute to cy-
bervictimization. Impulsivity and low inhibitory control may lead to more intense reactions
to online provocations, which could prolong and escalate conflicts in digital environments.
Additionally, poor decision making may result in interactions with strangers or exposure
on digital platforms without adequately assessing the potential consequences [50].

These factors reinforce the need for interventions focused on emotional management,
the development of social skills, and the strengthening of Executive Functions aiming to
reduce young people’s vulnerability to cybervictimization and promote safer and more
conscious use of the Internet.

The third hypothesis (H3) proposed that the probability of engaging in cyberbullying
would be related to difficulties in Executive Functions (EFs), high levels of anxiety, and
PIU. The results supported the proposed hypothesis, aligning with previous findings [54].
Likewise, prior research has demonstrated the relationship between Executive Functions
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(EFs), inhibition capacity, self-control, and problem-solving skills, which are key factors in
participation in cyberbullying dynamics.

Despite these findings, this study has certain limitations that should be considered
in future research. Due to its cross-sectional design, it is not possible to establish causal
relationships between the analyzed variables. To address this limitation, it would be
advisable to conduct prospective longitudinal studies. Likewise, it would be beneficial to
include a random sampling method and to identify the reasons why some parents or legal
guardians did not provide consent for their children to participate in the study in order to
address these issues in future implementation. It would also be appropriate to apply the
study to primary education to gain deeper insight into how the use of new technologies and
their associated risks emerge at an early age. In addition, it would be valuable to explore
the perspectives and knowledge that teachers and parents have regarding the phenomena
studied. Finally, to ensure that the results more accurately reflect the national reality, it
would be necessary to carry out the evaluation in a greater number of provinces, including
schools located in both urban and rural areas.

Beyond the aspects mentioned, we think it would be of interest for future lines of
research to focus on the traumatic aspect of cyberbullying, given that the effect of trauma on
the brain has been extensively studied. Various authors have shown that individuals who
have undergone traumatic experiences often present alterations in the dorsal prefrontal
networks, suggesting deficits in executive control, particularly in response inhibition, work-
ing memory, attention regulation, cognitive flexibility, and stimulus response inhibition,
which tend to worsen in emotionally charged or trauma-related contexts [66-68]. This line
of inquiry could help to better understand the impact of trauma on executive functioning,
both in victims and in aggressors.

However, the results obtained have practical implications in the educational, mental
health, and even family domains, emphasizing the importance of educating and raising
awareness among the various agents who accompany young people at this stage of life
about how the virtual world operates.

With regard to adolescents, in the educational context, it is recommended to include
strategies for self-regulation and critical thinking, promote group work, and strengthen the
early detection of psychological difficulties [45]. In the clinical setting, these findings can
refine therapeutic interventions and improve emotional regulation in adolescents.

Families can benefit from awareness campaigns fostering open dialogue about Internet
use and promoting healthy digital habits [69-72]. Although it may be difficult for some
adults to understand, for young people, technology constitutes a bridge between the real
and the virtual world. Building upon emotional context, another critical factor to consider
is the fear of missing out (FoMO), which directly affects adolescents” well-being today. A
previous study [73] investigated the relationship between peer exclusion from WhatsApp
classmate groups, FoOMO, and emotional symptoms. The findings showed that exclusion
from online classmate groups was positively associated with both FoMO and emotional
distress. Importantly, FOMO served as a mediating variable, meaning that adolescents who
experienced greater online exclusion reported higher levels of FOMO, which in turn was
linked to more emotional symptoms. The study highlights how cyber exclusion, also a
form of cyberbullying, can negatively affect emotional well-being during early adolescence
by increasing the apprehension of being disconnected from peers. Something as simple
as knowing whether a child or student is an active member of WhatsApp groups can
provide information about a possible situation of marginalization, serving as a modern
equivalent of the sociogram and helping to address cases of cyberbullying, which, due to
their invisible nature, often go unnoticed.
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It is necessary to raise awareness among parents regarding the permissiveness with
which smartphones are currently provided at early ages and the little or no supervision
that follows. The importance lies in the fact that these devices provide access to unlimited
interaction, something previous generations never experienced. In the past, in our social
relationships, we received positive or negative feedback from a small group of peers.
Now, however, with any content we share through social networks, we are exposed to
the opinions of hundreds of peers. Moreover, the way social media platforms operate
allows peers to make statements without being aware of the harm they may cause to the
recipient, as they do not see their reaction [74]. This means that greater harm can be inflicted
without remorse [75].

In the case of teachers, while they do not have access to supervise students’ use
of social media, they can be trained to teach their students to identify the different roles
adopted by aggressors, victims, and bystanders in situations of abuse and thus help prevent
such behaviors [76].

Overall, campaigns and intervention projects aimed at the prevention and manage-
ment of PIU and its associated risks could bring significant benefits to society.
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Abstract: Background: Suicidal behavior (SB) and non-suicidal self-injury (NSSI) are
significant public health concerns among adolescents. The COVID-19 pandemic may
have exacerbated these issues. Methods: This retrospective cohort study analyzed data
from 341 adolescents (aged 6-18 years) presenting to a Romanian pediatric psychiatry
emergency department during the years 2019 (pre-pandemic) and 2022 (post-pandemic).
All participants underwent a thorough psychiatric assessment, and, together with their
caregivers, were questioned on a wide range of potentially relevant issues, such as family,
social, school, and life history factors. Logistic regression and random forest models were
used to identify predictors of SB and NSSI. Results: SB was significantly predicted in
regression models based on a prior suicidal ideation (OR = 68.410; p < 0.001), having a
parent living abroad (OR = 11.438; p = 0.020), depression (OR = 6.803; p < 0.001), and
conflicts with peers (OR = 0.325, p = 0.042), teachers (OR = 0.119, p = 0.024), or both
(OR =0.166, p = 0.012). The random forest model featured a slightly different order of the
main predictors and highlighted the importance of additional predictors, such as prior
suicide attempts, gender, and past non-suicidal self-injury. NSSI was mainly predicted by a
history of self-harm (OR = 52.437; p < 0.001), the number of comorbid psychiatric disorders
(OR =1.709; p = 0.003), and conduct disorder (OR = 0.184; p < 0.001), to which are added,
according to random forest models, new predictors, such as borderline personality disorder,
suicidal ideation, and school performance. Post-pandemic increases were observed in
depression, suicidal ideation, and possible psycho-traumatic negative life event exposure.
Conclusions: This study underscores the complex interplay of individual, familial, and
societal factors influencing adolescent self-harm. Comprehensive interventions are needed,
with early intervention crucial for those with a history of self-harm. Further research using
prospective designs is recommended.

Keywords: adolescent; suicidal behavior; non-suicidal self-injury; risk factors; COVID-19
pandemic

1. Introduction

Non-suicidal self-injury (NSSI) involves deliberate self-harm without suicidal intent
and is often employed as a maladaptive coping mechanism for emotional distress [1,2].
NSSI is most prevalent during adolescence, a developmental stage marked by heightened
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emotional vulnerability and risk-taking behaviors [3]. Prevalence rates of NSSI range
from 15% to 25% in community samples, rising to as high as 60% among adolescents in
clinical settings, such as emergency departments [4,5]. Research indicates that children
and adolescents with psychiatric disorders frequently engage in NSSI and suicide attempts
and experience suicidal ideation, underscoring the severity of these behaviors in clinical
samples [6]. Despite its non-suicidal intent, NSSI is a robust predictor of future suicidal
behavior (SB), emphasizing the critical need for targeted interventions in high-risk pop-
ulations [7-9]. However, studies show that empirical support for such interventions for
children and adolescents is so far extremely low [10].

Suicidal behavior (SB), encompassing suicidal ideation, attempts, and completed sui-
cide, remains one of the leading causes of mortality among adolescents worldwide [11].
Unlike NSSI, SB is driven by an explicit intent to end one’s life, often stemming from a
combination of individual vulnerabilities (e.g., depression, hopelessness), familial stressors,
and societal pressures [12]. Shared predictors, such as emotional dysregulation and adverse
childhood experiences, complicate the distinction between NSSI and SB, yet research under-
scores critical differences in their etiology. For instance, while both behaviors are associated
with depression and trauma, SB uniquely correlates with impulsivity, hopelessness, and a
history of previous suicide attempts [13,14]. Understanding the nuanced predictors of SB
and its interplay with NSSI is essential for early identification and prevention.

The COVID-19 pandemic has significantly amplified mental health concerns among
adolescents. Pandemic-related stressors—including social isolation, disrupted routines,
increased family conflict, and limited access to mental health services—have been linked to
a surge in psychological distress and maladaptive behaviors, including NSSI and SB [15,16].
Recent studies indicate that adolescents faced heightened emotional dysregulation during
this period, reflecting the pandemic’s exacerbation of pre-existing vulnerabilities, such as
depression, anxiety, and adverse childhood experiences [17,18]. Additionally, alarming
trends in hospital admissions related to deliberate self-poisoning and substance use among
Romanian adolescents have emerged, reflecting the broader mental health challenges
during this time [19]. At the same time, protective factors, such as social support, peer
networks, and school-based interventions, were significantly reduced, further elevating
the risk of self-harm behaviors [20]. These findings emphasize the need to explore the
pandemic’s varied impacts on NSSI and SB, particularly within high-risk clinical settings.

Despite the growing body of literature, significant research gaps remain in understand-
ing the specific predictors of NSSI and SB across diverse populations and contexts. Many
studies focus on community samples, leaving clinical populations—such as adolescents pre-
senting to emergency departments—underexplored [5,21]. Moreover, much of the research
has been conducted in Western countries, limiting the generalizability of findings to other
cultural and healthcare contexts. For example, Romania, a country with limited mental
health resources for adolescents, remains underrepresented in global studies on self-harm
and suicide [22]. Understanding predictors of NSSI and SB within Romanian pediatric
psychiatry emergency settings is crucial for tailoring culturally sensitive interventions.

In view of these aspects, the main aim of the present study is to investigate the risk
factors and clinical predictors of NSSI and SB among adolescents presenting to a Romanian
pediatric psychiatry emergency department before and after the COVID-19 pandemic. More
specifically, we aim to identify those factors that determine that only a fraction of patients
with mental disorders severe enough to present in emergency conditions resort to such
behaviors. To this end, we used a retrospective cohort design in which we applied logistic
regression and random forest modeling to identify the potential predictors. The underlying
hypothesis is that by combining these two statistical procedures we could identify not only
factors that already benefit from empirical support (such as certain psychiatric disorders)
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but also factors that have not been discussed in the literature so far, such as aspects related
to the family, social, school, or life history background of patients. Another assumption is
that the COVID-19 pandemic could have influenced the dynamics of the factors influencing
NSSI and SB, by changing the weights of certain variables or even by introducing some
new elements. By exploring the pandemic’s impact on these predictors, this research aims
to inform the development of targeted prevention and intervention strategies for high-risk
populations, ultimately contributing to a better understanding of the mechanisms linking
NSSI and SB.

2. Materials and Methods
2.1. Participant Selection

This retrospective cohort study analyzed data from 341 children and adolescents
aged 6 to 18 years who were admitted as emergencies to the Pediatric Psychiatry Clinic
in Cluj-Napoca during 2019 and 2022. These years were selected to enable a comparative
analysis of psychiatric emergencies before (2019) and after (2022) the COVID-19 pandemic.
All patients meeting the inclusion criteria were included, with those who did not engage in
non-suicidal self-injury (NSSI) or suicidal behavior (SB) serving as the control group.

Inclusion criteria required participants to be between 6 and 18 years of age, admitted
for an emergency psychiatric evaluation or treatment, and to have provided informed
consent for the use of their medical data for research purposes. Consent was obtained
from patients and from their parents or legal guardians. Patients who exclusively utilized
outpatient services, declined consent, or had incomplete medical records were excluded.

Psychiatric diagnoses were assigned according to the International Classification of
Diseases, 10th Revision (ICD-10), based on comprehensive clinical evaluations conducted
by trained child psychiatrists. The study adhered to the principles of the Declaration
of Helsinki and received approval from the Emergency Clinical Hospital for Children
Cluj-Napoca Clinical Trials Quality Assurance Commission (Approval No. 80/14.12.2020).

2.2. Data Collection

Data were retrospectively extracted from medical records by two independent raters,
with discrepancies resolved through a consensus. The dataset included socio-demographic
information, family and personal history, clinical characteristics, school-related variables,
and self-harm behaviors.

Socio-demographic and clinical information was primarily based on self-reported or
parent-reported data documented during clinical evaluations. Reports included details
on the socio-economic status, family structure and dynamics, and school-related factors,
such as academic performance, bullying, peer conflicts, and disciplinary issues. Clinician
observations during emergency admissions supplemented self- or parent-reported accounts
where possible.

Psychiatric diagnoses were classified according to ICD-10 and included affective dis-
orders (e.g., depressive episodes, bipolar disorder), anxiety and stress-related disorders
(e.g., generalized anxiety disorder, post-traumatic stress disorder [PTSD]), conduct and
emotional disorders (e.g., oppositional defiant disorder, adjustment disorder), neurodevel-
opmental disorders (e.g., attention deficit hyperactivity disorder [ADHD], autism spectrum
disorder), substance use disorders, psychotic disorders, and other categories (e.g., eat-
ing disorders or somatoform disorders). Personality disorder traits were also recorded
when present.

In addition to establishing the psychiatric diagnosis, the assessment of all participants
involved asking predetermined questions investigating their family, school, and life context.
Information on chronic somatic illnesses, prior psychiatric treatments (e.g., psychotherapy,
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pharmacological interventions), and potentially psycho-traumatizing negative life events
(i.e., parental absence, death of a close person, school failure, history of suicide in the
family, serious interpersonal conflicts, severe illness in the family, a history of accidents,
or any other event that the patient may have considered to be psycho-traumatizing) was
collected. Family-related variables included the parental age, marital status (married, single,
divorced/separated, or widowed), employment status, education level, family conflicts,
and family history of psychiatric disorders (e.g., depression, anxiety, schizophrenia, bipolar
disorder, or substance use disorders).

Self-harm behaviors, including non-suicidal self-injury (NSSI) and suicidal behavior
(SB, encompassing suicidal ideation and attempts), were also primarily reported by par-
ticipants or their parents during emergency consultations. The frequency, method, and
circumstances of these behaviors were documented in the medical records by attending
clinicians.

2.3. Statistical Analysis

Statistical analyses were conducted using SPSS software (version 17.0) and R (ver-
sion 4.3.3 for MacOS) alongside R Studio (version 2023.12.1+402) for advanced statistical
modeling. Descriptive statistics summarized continuous variables as means and standard
deviations, while categorical variables were presented as frequencies and percentages.
Analyses were stratified by year (2019 vs. 2022) and by self-harm category, which included
a control group, suicidal behaviors (SBs), and non-suicidal self-injury (NSSI).

Comparative analyses employed independent t-tests for continuous variables (e.g.,
age) and chi-square tests for categorical variables (e.g., gender, diagnosis, school-related
conflicts). Given the large number of variables under consideration, Bonferroni corrections
or other procedures to handle multiple comparisons were not performed, since such
approaches tend to be particularly conservative in such situations and, in attempting to
reduce Type I errors, there would have been a high risk of sacrificing statistically significant
findings. Instead, to achieve the predictions of interest, we used two different statistical
procedures that effectively control for covariates without, however, overdoing it in terms of
stringency, and we reported 95% confidence intervals to provide a clearer understanding
of the data without stringent multiple correction adjustments.

First, logistic regression models were developed to predict suicidal behavior and NSSI
based on variables, including sex, environment, psychiatric diagnosis, and school/family-
related conflicts. Two logistic regression models were created for each outcome variable
to assess the predictive power of different sets of predictors. Categorical predictors were
dummy-coded, and ordinal predictors (e.g., socioeconomic status) were treated as ordinal
variables. Supplementary Table S1 displays the predictor variables used in each of the two
regression models.

To address potential multicollinearity among predictor variables and to account for
complex, non-linear relationships, random forest (RF) models were employed alongside
logistic regression. The RF models comprised 2000 decision trees, with hyperparameters
(e.g., mtry, sample.fraction, and min.node.size) optimized through a grid search to minimize
the root mean squared error (RMSE). Final models utilized mtry = 8, sample.fraction = 0.80,
and min.node.size = 5. Sampling without replacement was applied to avoid selection
bias [23]. The random forest algorithm is particularly beneficial for managing health-
related data, as it can capture intricate interactions among variables and provide insights
into complex relationships, making it a valuable tool in the analysis of health data [24].
Statistical significance was set at p < 0.05.
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3. Results
3.1. Characteristics of the Sample

The study sample included 341 participants, consisting of 200 females and 141 males,
aged between 6 and 17 years, with a mean age of 14.57 years (SD = 2.25). The majority
of participants (1 = 214) were from urban areas. Most of the participants (1 = 190) came
from stable family environments, although many reported experiencing socioeconomic
challenges (1 = 190). A significant portion of the sample (71.85%) indicated a history of
familial conflict, while 58.65% reported having at least one family member diagnosed with a
psychiatric disorder, with substance use disorders (SUDs), particularly tobacco and alcohol
use, being the most common (33.13%). Additionally, 14.95% (n = 51) reported a family
history of somatic conditions, whereas only 8 participants (2.35%) indicated a neurological
disorder in their family history.

A substantial proportion of participants (55.13%, n = 188) reported having expe-
rienced at least one significant potentially traumatic negative life event, with parental
separation/divorce being the most frequently reported (n = 64). Regarding educational
experiences, while most participants (n = 299) were enrolled in school, many reported chal-
lenges, including conflicts (n = 234) and poor academic performance (n = 210). However,
only a small proportion (16.1%, n = 55) considered family and/or peer conflicts to be severe
enough to be categorized as psycho-traumatic experiences.

In terms of psychiatric diagnoses, the most prevalent conditions included depression
(41.93%, n = 143), conduct disorder (CD; n = 135), substance use disorder (SUD; n = 134),
and attention-deficit/hyperactivity disorder (ADHD; n = 131). On average, participants
had 3.13 comorbid conditions (SD = 1.38), with some individuals having as many as
eight distinct diagnoses. At the time of the study, 23.16% of participants were receiving
psychotherapy, while 21.99% reported not using any form of psychotropic medication. All
characteristics of the whole sample are presented in Supplementary Table S2.

The study also compared data collected before (2019) and after (2022) the COVID-
19 pandemic. Of the participants, 39.29% were assigned to the control group, while
164 participants exhibited suicidal behaviors, including suicidal ideation (n = 157) and
suicide attempts (n = 81). Additionally, 119 participants had engaged in non-suicidal
self-injury (NSSI). In total, 163 participants had a history of suicidal ideation, 74 had
attempted suicide, and 158 had engaged in NSSI at some point in their lives. Tables 1 and 2
provide detailed comparisons of these characteristics between the pre-pandemic (2019) and
post-pandemic (2022) periods.

Table 1. Main demographic characteristics of the sample and the comparison between the pre-
pandemic and post-pandemic periods.

Characteristics PRE-PANDEMIC (n =194) POST-PANDEMIC (1 = 147) P
Female:male distribution (%F) 107:87 (55.15%) 93:54 (63.26%) 0.132 1
Age M £ SD) 14.289 + 2.437 14.946 + 1.922 0.007 *+
Urban:rural provenience (%U) 130:64 (67.01%) 84:63 (57.14%) 0.062 £

Family structure (11, %)

Organized 112 (57.73%) 78 (53.06%) 0.390 1
Divorced 30 (15.46%) 34 (23.13%) 0.073
Cohabitation 2 (1.03%) 2 (1.36%) 0.738 £
Institutionalized 28 (14.43%) 18 (12.24%) 0.558 1
Disorganized (death of one parent) 22 (11.34%) 15 (10.20%) 0.738 £
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Table 1. Cont.

Characteristics PRE-PANDEMIC (n=194) POST-PANDEMIC (n = 147) r
Socioeconomic status (1, %)
Poor 100 (51.54%) 90 (61.22%) 0.075
Middle 64 (32.98%) 35 (23.81%) 0.064
Good 28 (14.43%) 18 (12.24%) 0.558 1
Very good 2 (1.03%) 4 (2.72%) 0.240
Conflicts in family (1, %) 130 (67.01%) 115 (78.23%) 0.023 *t
Psychiatric disorders in family (1, %) 121 (62.37%) 79 (53.74%) 0.109 £
SUD 68 (35.05%) 45 (30.61%) 0.388
Depression 20 (10.30%) 12 (8.16%) 0.501
Schizophrenia 14 (7.21%) 12 (8.16%) 0.744 1
Anxiety disorders 1 (0.51%) 1 (0.68%) 0.844
Other disorders 18 (9.27%) 9 (6.12%) 0.285 %
Somatic disorders in family (1, %) 32 (16.49%) 19 (12.93%) 0.360
Neurological disorders in family (1, %) 2 (1.03%) 6 (4.08%) 0.065
Potentially traumatic negative life events (1, %)
Death of one parent 22 (11.34%) 15 (10.20%) 0.738 £
Death of someone close 8 (4.12%) 6 (4.08%) 0.985
Divorce or separation of parents 30 (15.46%) 34 (23.13%) 0.073 £
Parents abroad 4 (2.06%) 7 (4.76%) 0.162
Suicide in family 1 (0.51%) 0 (0%) 0.383 £
School failure 8 (4.12%) 3 (2.04%) 0.281 1
Severe conflicts with friends or parents 24 (12.37%) 31 (21.09%) 0.030 *f
Serious illness in family or friends 5 (2.58%) 4 (2.72%) 09351
Accidents 1 (0.51%) 1 (0.68%) 0.844
School attendance (1, %) 171 (88.14%) 128 (87.07%) 0.766 T
School conflicts (1, %) 149 (76.80%) 85 (57.82%) <0.001 *%
Only with colleagues 99 (51.03%) 51 (34.69%) 0.003 *f
Only with teachers 10 (5.15%) 6 (4.08%) 0.643
With both 40 (20.61%) 28 (19.05%) 0.719 £
School performance (1, %) 0.014 *t
Poor 121 (62.37%) 89 (60.54%) 0.731%
Middle 53 (27.31%) 30 (20.41%) 0.141 1
Good 14 (7.21%) 26 (17.69%) 0.003 *t
Very good 6 (3.09%) 2 (1.36%) 0.295 1
Suicidal behavior (1, %) 81 (41.75%) 83 (56.46%) 0.007 *t
Suicidal ideation (1, %) 75 (38.65%) 82 (55.78%) 0.002 *f
Past suicidal ideation (1, %) 86 (44.33%) 77 (52.38%) 0.140 ¢
Suicidal attempt (1, %) 39 (20.10%) 42 (28.57%) 0.069
Past suicidal attempts (11, %) 47 (24.23%) 27 (18.37%) 0.194
Past suicidal behavior (11, %) 90 (46.39%) 79 (53.74%) 0.179 £
Self-harm (n, %) 70 (36.08%) 49 (33.33%) 0.598
Past self-harm (11, %) 83 (42.78%) 75 (51.02%) 0.131 %

t—chi-square; t—t test; * = statistical significance.
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Table 2. Comparison of the distribution of diagnoses and therapeutic interventions between the

pre-pandemic and post-pandemic period.

Characteristics PRE-PANDEMIC (n =194) POST-PANDEMIC (n = 147) p
Diagnostics (1)
Depression 71 (36.60%) 76 (51.70%) 0.038 *t
CD 74 (38.14%) 61 (41.50%) 0531t
ADHD 68 (35.05%) 63 (42.86%) 0.142
ODD 13 (6.70%) 2 (1.36%) 0.017 *t
Anxiety disorders 58 (29.90%) 43 (29.25%) 0.897
Sleep disorders 24 (12.37%) 4 (2.72%) 0.001 *t
SUD 69 (35.57%) 65 (44.22%) 0.105
Bipolar disorder 6 (3.09%) 4 (2.72%) 0.840 ¢
PTSD 7 (3.61%) 7 (4.76%) 0.595
Borderline personality disorder 38 (19.59%) 28 (19.05%) 0.901
No. of comorbid diagnostics
(M + SD) 3.077 £ 1.373 3.204 + 1.385 0.401 t+
Psychotherapy (1, %) 43 (22.16%) 36 (24.49%) 0.614
Psychotropic medication (1, %) 151 (77.84%) 115 (78.23%) 0.930 ¢

t—chi-square; t—t test; * = statistical significance.

Cutting and scratching were the most prevalent self-harm methods, increasing sig-
nificantly from 62.85% pre-pandemic to 79.59% post-pandemic, x? (1, N = 119) = 3.826,
p =0.050, OR = 0.434, 95% CI [0.186, 1.012]. Table 3 presents these data.

Table 3. Main self-harm behaviors before and after the COVID-19 pandemic.

Characteristics PRE-PANDEMIC  POST-PANDEMIC p

Self-harm n="70 n=49
Cutting, scratching 44 (62.85%) 39 (79.59%) 0.05 *
Self-poisoning 6 (8.57%) 2 (4.08%) 0.121
Other 20 (28.57%) 8 (16.32%) 0.145

Suicide attempt n=39 n=42
Drug ingestion 27 (69.23%) 30 (71.42%) 0.829
Cutting 4 (10.25%) 3 (7.14%) 0.618
Substance intoxication 0 (0%) 1 (2.38%) 0.332
Hanging 0 (0%) 2 (4.76%) 0.168
Defenestration 6 (15.38%) 5 (11.90%) 0.648
Other 2 (5.128%) 1 (2.38%) 0.513

* = statistical significance.

3.2. Stratification by Assessment Period and Group Comparisons

When stratifying the sample based on the assessment period, several significant
differences emerged between the pre- and post-pandemic groups. Participants in the
post-pandemic sample had significantly higher mean ages (t(339) = 2.694, p = 0.007),
d=—-0.295, 95% CI [-0.510, —0.079], higher depression rates (x3(1, N = 341) = 4.297,
p =0.038), OR = 1.583, 95% CI [1.024, 2.446], and a greater prevalence of family conflict
(x2(1, N = 341) = 5.206, p=0.023), OR =1.769, 95% CI [1.081, 2.897]. They also reported more
severe conflicts with parents and/or friends (x2(1, N = 341) = 4.698, p =0.030), OR = 1.893,
95% CI [1.057, 3.390], higher rates of suicidal ideation (x3(1, N = 341) = 9.869, p = 0.002),
OR = 2.002, 95% CI [1.295, 3.093], and increased suicidal behavior (x2(1, N = 341) = 7.249,
p = 0.007), OR = 1.809, 95% CI [1.173, 2.790]. Notably, past suicidal ideation rates and prior
reports of suicidal behavior did not significantly differ between the two samples.
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Educational outcomes also varied significantly between the pre- and post-pandemic
groups (x*(3, N = 341) = 10.573, p = 0.014). More students in the post-pandemic period
reported good academic performance (x?(1, N = 341) = 8.855, p = 0.003), OR = 2.763, 95%
CI[1.387, 5.505]. Conversely, post-pandemic participants had significantly lower rates of
oppositional defiant disorder (x*(1, N = 341) = 5.672, p = 0.017), OR = 0.192, 95% CI [0.043,
0.865], sleep disorders (x*(1, N = 341) = 10.333, p = 0.001), OR = 0.198, 95% CI [0.067, 0.584],
and academic conflicts (x*(1, N = 341) = 13.993, p < 0.001), OR = 0.414, 95% CI [0.260, 0.661].

3.2.1. Suicidal Behavior Group vs. Control Group

When comparing participants in the suicidal behavior group to those in the control
group, several significant differences were observed. Participants in the suicidal behavior
group were older (t(296) = —2.642, p = 0.009), d = 0.308, 95% CI [0.078, 0.537] and more likely
to be female (x*(1, N = 298) = 23.640, p < 0.001), OR = 3.264, 95% CI [2.010, 5.299]. They exhib-
ited significantly higher rates of depression (x*(1, N = 298) = 77.798, p < 0.001), OR = 10.395,
95% CI [5.958, 18.136], anxiety disorders (x3(1, N = 298) = 10.100, p =0.001), OR = 2.276,
95% CI [1.363, 3.801], post-traumatic stress disorder (PTSD; xz(l, N =298) =10.216, p =
0.001), OR = 22.049, 95% CI [1.293, 375.954], and borderline personality disorder traits (xz(l,
N =298) =18.642, p < 0.001), OR = 4.547, 95% CI [2.189, 9.445]. They also reported more
potentially traumatic negative life events (x2(1, N = 298) = 12.046, p <0.001), OR =2.271,
95% CI [1.424, 3.622], higher school attendance (xz(l, N =298) =7.978, p=0.005), OR =
2.882, 95% CI [1.349, 6.156], and greater participation in regular psychotherapy sessions
(x2(1, N = 298) = 4.421, p = 0.036), OR = 1.825, 95% CI [1.037, 3.211].

In contrast, conduct disorder (x2(1, N = 298) = 10.288, p =0.001), OR = 0.464, 95% CI
[0.290, 0.744], and sleep disorders (x3(1, N = 298) = 7.814, p =0.005), OR = 0.249, 95% CI
[0.088, 0.706], were significantly less common in the suicidal behavior group. Participants in
this group also had significantly higher frequencies of past suicidal ideation (x*(1, N = 298)
=149.222, p <0.001), OR = 36.931, 95% CI[18.892, 72.193], suicide attempts (x2(1, N =298) =
90.887, p < 0.001), OR = 262.557, 95% CI [16.067, 4290.431], and past non-suicidal self-injury
(NSSI; x2(1, N = 298) = 71.286, p < 0.001), OR = 10.332, 95% CI [5.740, 18.598].

3.2.2. NSSI Group vs. Control Group

Participants in the NSSI group also exhibited significant differences compared to
the control group. They had a higher proportion of females (x*(1, N = 253) = 11.101,
p <0.001), OR = 2.364, 95% CI [1.419, 3.937], and a greater number of comorbid conditions
(t(251) =3.512, p < 0.001), d = 0.442, 95% CI [0.192, 0.692]. Depression (x*(1, N = 253)
= 34.483, p < 0.001), OR = 5.249, 95% CI [2.953, 9.332], PTSD (x*(1, N = 253) = 9.303,
p = 0.002), OR = 20.507, 95% CI [1.171, 359.224], borderline personality disorder traits
(x*(1, N = 253) = 25.855, p < 0.001), OR = 6.045, 95% CI [2.857, 12.790], family conflicts
(x2(1, N = 253) = 9.008, p =0.003), OR = 2.439, 95% CI [1.351, 4.405], and participation in
psychotherapy sessions (x?(1, N = 253) = 7.513, p = 0.006), OR = 2.264, 95% CI [1.253, 4.091],
were all more common in the NSSI group. However, conduct disorder was significantly less
prevalent in this group (xz(l, N =253) = 8.474, p = 0.004), OR = 0.469, 95% CI [0.281, 0.784].

Additionally, participants in the NSSI group reported significantly higher frequencies
of past suicidal ideation (Xz(l, N =253) =91.060, p < 0.001), OR = 18.291, 95% CI [9.413,
35.543], past self-harm behaviors (x?(1, N = 253) = 150.737, p < 0.001), OR = 63.273, 95% CI
[28.585, 140.052], past suicide attempts (x*(1, N = 253) = 27.182, p < 0.001), OR = 137.038,
95% CI [8.312, 2259.437], and overall suicidal behavior (x2(1, N = 253) = 122.326, p < 0.001),
OR = 473.069, 95% CI [28.716, 7793.356].

The mean number of past suicide attempts was 0.640 (SD = 0.798) in the suicidal
behavior group, with a maximum of four attempts, compared to 0.504 (SD = 0.780) among
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participants in the NSSI group. Table 4 summarizes demographic characteristics of the

suicidal behavior, NSSI, and control groups, while Table 5 details their primary diagnoses.

Table 4. Characteristics of participants in the main groups.

Characteristics

CONTROL (n =134)

SUICIDAL BEHAVIOR (1 = 164)

Ideation (n = 157) Attempts (n = 81)

Whole (1 = 164)

NSSI (n =119)

Pre-pandemic

0, 0, 0, 0, 0,
presontation (1, %) 79 (58.95%) 75 (47.77%) 39 (48.15%) 81 (49.39%) t 70 (58.82%) +
Female’mzz};glsmbuhon 61:73 (45.52%) 114:43 (72.61%) 65:16 (80.24%) 120:44 (73.17%) *f  79:40 (66.38%) *1
Age (M + SD) 14.231 + 2.678 14.898 + 1.645 14.864 + 1.626 14.902 + 1.670 *+ 14.689 + 1.986 t

Urban:rural provenience

81:53 (60.44%) 104:53 (66.24%) 48:33 (59.25%)

108:56 (65.85%)

79:40 (66.38%) §

(%U)
Family structure (11, %)
Organized 83 (61.94%) 82 (52.23%) 43 (53.09%) 87 (53.05%) § 60 (50.42%) $
Divorced 21 (15.67%) 39 (24.84%) 20 (24.69%) 39 (23.78%) t 20 (16.81%) t
Cohabitation 2 (1.49%) 2 (1.27%) 2 (2.47%) 2 (1.22%) % 1(0.84%) §
Institutionalized 17 (12.69%) 18 (11.46%) 7 (8.64%) 19 (11.59%) $ 21 (17.65% )t
Disorganized (death of 11 (8.21%) 16 (10.19%) 9 (11.11%) 17 (10.37%) § 17 (14.29%) $

one parent)

Socioeconomic status (1, %)

Poor 72 (53.73%) 86 (54.78%) 42 (51.85%) 87 (53.05%) t 75 (63.03%) t
Middle 40 (29.85%) 45 (28.66%) 24 (29.63%) 49 (29.88%) t 29 (24.37%) t
Good 21 (15.67%) 21 (13.38%) 12 (14.81%) 23 (14.02%) t 11 (9.24%) £
Very good 1 (0.75%) 5 (3.18%) 3 (3.70%) 5 (3.05%) 1 4(3.36%) t
Conflicts in family (1, %) 88 (65.67%) 119 (75.80%) 62 (76.54%) 122 (74.39%) t 98 (82.35%) *t
Psycﬁfrﬁ;fyi‘;";%ers mn 75 (55.97%) 95 (60.51%) 43 (53.09%) 96 (58.54%) t 72 (60.50%) t
SUD 41 (30.60%) 51 (32.48%) 25 (30.86%) 51 (31.10%) £ 45 (37.82%) 1
Depression 9 (6.72%) 21 (13.38%) 10 (12.35%) 21 (12.80%) t 8 (6.72%) t
Schizophrenia 10 (7.46%) 12 (7.64%) 5 (6.17%) 12 (7.32%) 1 10 (8.40%) 1
Anxiety disorders 1 (0.75%) 1 (0.64%) 0 (0%) 1(0.61%) T 1(0.84%)
Other disorders 14 (10.45%) 10 (6.37%) 3 (3.70%) 11 (6.71%) 1 8 (6.72%) t
Somatic disorders in o o o o o
family (n, %) 20 (14.93%) 22 (14.01%) 13 (16.05%) 24 (14.63%) t 20 (16.81%) t
Neurological disorders in o o o o o
family (1, %) 1 (0.75%) 6 (3.82%) 3(3.70%) 6 (3.66%) 4(3.36%) t
Potentially traumatic negative life events (11, %)

Death of one parent 11 (8.21%) 16 (10.19%) 9 (11.11%) 17 (10.37%) 17 (14.29%)
Death of someone close 4(2.99%) 8 (5.10%) 6 (7.41%) 9 (5.49%) 3 (2.52%)
Divorce ;z::rf’tzra“"“ of 21 (15.67%) 39 (24.84%) 20 (24.69%) 39 (23.78%) 20 (16.81%)

Parents abroad 3(2.24%) 7 (4.46%) 5(6.17%) 7 (4.27%) 2 (1.68%)
Suicide in family 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.84%)
School failure 4(2.99%) 5(3.18%) 1 (1.23%) 5 (3.05%) 4 (3.36%)

Severe conflicts with o o o o o

friends or parents 15 (11.19%) 29 (18.47%) 20 (24.69%) 31 (18.90%) 23 (19.33%)
Serious illness in family o o o o o
or friends 3(2.24%) 5(3.18%) 2 (2.47%) 5 (3.05%) 4 (3.36%)
Accidents 1 (0.75%) 0 (0%) 0 (0%) 0 (0%) 1 (0.84%)
School attendance (11, %) 111 (82.84%) 146 (93.00%) 77 (95.06%) 153 (93.29%) *$ 107 (89.92%) §
School conflicts (11, %) 93 (69.40%) 99 (63.06%) 47 (58.02%) 91 (55.49%) 93 (78.15%)
Only with colleagues 59 (44.03%) 67 (42.68%) 37 (45.68%) 67 (40.85%) t 61 (51.26%) t
Only with teachers 4 (2.99%) 8 (5.10%) 3 (3.70%) 9 (5.49%) t 7 (5.88%) t
With both 30 (22.39%) 24 (15.29%) 7 (8.64%) 25 (15.24%) t 25 (21.01%) t
School performance (1, %)
Poor 86 (64.18%) 86 (54.78%) 41 (50.62%) 88 (53.66%) T 73 (61.34%) t
Middle 29 (21.64%) 46 (29.30%) 21 (25.93%) 49 (29.88%) t 34 (28.57%) t
Good 15 (11.19%) 22 (14.01%) 16 (19.75%) 24 (14.63%) t 9 (7.56%) t
Very good 4 (2.99%) 3(1.91%) 3(3.70%) 3(1.83%) t 3(2.52%)
Suicidal behavior (1, %) 0 (0%) 157 (100%) 81 (100%) 164 (100%) 76 (63.87%) 1
Suicidal ideation 0 (0%) 157 (100%) 74 (91.36%) 157 (95.73%) t 75 (63.03%) T
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Table 4. Cont.

SUICIDAL BEHAVIOR (1 = 164)

Characteristics CONTROL (n = 134) NSSI (n = 119)
Ideation (n = 157) Attempts (n = 81) Whole (1 = 164)
Past suicidal ideation 15 (11.19%) 132 (84.08%) 61 (75.31%) 135 (82.32%) *1 83 (69.75%) 1
Suicidal attempt 0 (0%) 74 (47.13%) 81 (100%) 81 (49.39%) § 40 (33.61%) £
Past suicidal attempts 10 (7.46%) 54 (34.39%) 33 (40.74%) 57 (34.76%) *1 40 (33.61%) t
Past suicidal behavior 16 (11.94%) 132 (84.08%) 63 (77.78%) 137 (83.54%) *1 86 (72.27%) 1
Self-harm (11, %) 0 (0%) 75 (47.77%) 40 (49.38%) 76 (46.34%) 1 119 (100%)
Past self-harm (1, %) 18 (13.43%) 100 (63.69%) 51 (62.96%) 101 (61.59%) *$ 108 (90.76%) 1
t—chi-square; t—t test; * = statistical significance.
Table 5. Comparison of the distribution of diagnoses and therapeutic interventions between the main
groups of participants.
SUICIDAL BEHAVIOR (1 = 164) -
Characteristics CONTROL (n =134) SELF_HARM
Ideation (n = 157) Attempts (n = 81) Whole (1 = 164) (n=119)
Diagnostics (1, %)
Depression 23 (17.16%) 109 (69.43%) 56 (69.14%) 112 (68.29%) *f 62 (52.10%) *4
CD 67 (50.00%) 51 (32.48%) 22 (27.16%) 52 (31.71%) *t 38 (31.93%) *t
ADHD 56 (41.79%) 50 (31.85%) 26 (32.10%) 53 (32.32%) t 48 (40.34%) t
ODD 8 (5.97%) 4 (2.55%) 2 (2.47%) 5 (3.05%) 1 4(3.36%) t
Anxiety disorders 30 (22.39%) 63 (40.13%) 31 (38.27%) 65 (39.63%) *t 36 (30.25%) t
Sleep disorders 15 (11.19%) 5 (3.18%) 3 (3.70%) 5 (3.05%) *f 12 (10.08%) §
SUD 46 (34.33%) 64 (40.76%) 30 (37.04%) 67 (40.85%) 1 55 (46.22%) 1
Bipolar disorder 5 (3.73%) 5 (3.18%) 2 (2.47%) 5 (3.05%) t 4(3.36%) t
PTSD 0 (0%) 11 (7.01%) 4 (4.94%) 12 (7.32%) *} 8 (6.72%) *}
Borderline 10 (7.46%) 42 (26.75%) 25 (30.86%) 44 (26.83%) * 39 (32.77%) *
personality traits e o o 83%) "3 77%) "%
No. of comorbid 2.940 + 1.255 3.102 + 1.374 3.111 + 1.360 3.098 + 1.376 3.546 + 1.489 *+
diagnostics (M4SD) ’ ’ ’ ’ ’ ’ ' ’ ’ ’
Psychotherapy (1, %) 23 (17.16%) 45 (28.66%) 18 (22.22%) 45 (27.43%) *4 38 (31.93%) *t

Psychotropic

99 (73.88%)

130 (82.80%)

61 (75.31%)

134 (81.71%) $

medication (1, %)

98 (82.35%) t

t—chi-square; t—t test; * = statistical significance.

3.3. Logistic Regressions
3.3.1. Predicting Suicidal Behavior (SB)

Logistic regression Model 1 significantly predicted suicidal behavior, (x?(312) =
236.661, p < 0.001), accounting for 57.1% of the variance in the sample (Tjur R? = 0.571).
Details of the regression coefficients and model fit statistics are provided in Supplementary
Table S3. Three variables emerged as significant predictors of suicidal behavior. Depression
was associated with an increased risk, with a regression coefficient ((3) of 1.740 and an odds
ratio (OR) of 5.700 (p < 0.001). A history of suicidal ideation was the strongest predictor,
3 =3.856, OR = 47.261, p < 0.001, indicating that individuals with such a history were
approximately 47 times more likely to exhibit suicidal behavior. In contrast, school-related
conflicts showed a negative association, 3 = —1.148, OR = 0.317, p = 0.023, suggesting that
the presence of school-related conflicts was linked to a reduction in the risk of suicidal
behavior by approximately 68%.

Overall, Model 1 demonstrated robust performance, with an accuracy of 84.5%, a
sensitivity of 83.5%, a specificity of 85.3%, and an area under the curve (AUC) of 0.928.
Multicollinearity, assessed using the Variance Inflation Factor (VIF), was within accept-
able limits, with a maximum VIF of 2.297, indicating no significant redundancy among
the predictors.
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Incorporating additional predictors in Model 2 (x?(298) = 252.910, p < 0.001) signif-
icantly enhanced its predictive power for self-harm behaviors. The explained variance
increased to 59.9% (Tjur R? = 0.599), alongside improvements in the overall accuracy
(86.5%), AUC (0.937), sensitivity (86.0%), and specificity (87.0%). Multicollinearity re-
mained moderate, with a maximum Variance Inflation Factor (VIF) below 5, ensuring
reliable estimates. Depression ( = 1.917, OR = 6.803, p < 0.001) and prior suicidal ideation
(B =4.226, OR = 68.410, p < 0.001) remained significant predictors, with their effects ampli-
fied in this model.

Further analysis of school-related conflicts, which were previously significant in Model
1, revealed additional insights. Conflicts with peers (f = —1.125, OR = 0.325, p = 0.042),
teachers (3 = —2.130, OR = 0.119, p = 0.024), or both ( = —1.797, OR = 0.166, p = 0.012) were
significantly associated with a reduced risk of suicidal behavior. Notably, Model 2 also
identified a new significant risk factor, having a parent living abroad (3 =2.437, OR = 11.438,
p = 0.020), suggesting that this factor may uniquely contribute to the likelihood of self-harm
behaviors. These expanded findings, presented in Supplementary Table S4, underscore the
importance of examining diverse contextual factors when predicting suicidal behavior.

3.3.2. Predicting NSSI

The logistic regression Model 1 significantly predicted non-suicidal self-injury (INSSI)
behaviors (x%(312) = 197.244, p <0.001), explaining 51.0% of the variance (Tjur R? = 0.510).
Several key predictors emerged as significant in the model. Conduct disorder was asso-
ciated with a significantly reduced risk of NSSI (3 = —1.468, OR = 0.230, p = 0.001), indi-
cating a protective effect. Conversely, a higher number of comorbid diagnoses (3 = 0.554,
OR =1.741, p = 0.001) and, most notably, a history of self-harm (3 = 3.739, OR = 42.054,
p < 0.001) were strongly associated with an increased risk. Individuals with a history of
self-harm demonstrated a striking 42-fold higher likelihood of engaging in future NSSI.

Model 1 demonstrated strong predictive performance, achieving an accuracy of 84.5%,
an AUC of 0.911, sensitivity of 80.7%, and specificity of 86.5%. Multicollinearity was as-
sessed and found to be moderate, indicating stable parameter estimates. Detailed regression
coefficients and model fit statistics are presented in Supplementary Table S5.

The addition of predictors in Model 2 (x%(298) = 207.099, p < 0.001) slightly enhanced
the predictive capacity for NSSI, increasing the explained variance to 52.8% (Tjur R? = 0.528).
Model 2 also demonstrated modest gains in accuracy (85.0%), the AUC (0.920), and speci-
ficity (87.4%), while maintaining similar sensitivity to Model 1. Consistent with the find-
ings from Model 1, conduct disorder remained a significant negative predictor of NSSI
(B =-1.691, OR = 0.184, p < 0.001), reinforcing its protective association. In contrast,
higher comorbidity ( = 0.536, OR = 1.709; p = 0.003) and a history of self-harm (3 = 3.960,
OR =52.437; p < 0.001) emerged as strong positive predictors, with the latter suggesting
a more than 52-fold increase in the likelihood of future NSSI. These results underscore
the pivotal role of self-harm history in identifying individuals at a heightened risk. Com-
prehensive regression coefficients and model fit statistics are provided in Supplementary
Table S6.

3.4. Random Forest Regressions
3.4.1. Predicting Suicidal Behavior

The random forest model explained 47.0% of the variance in suicidal behavior
(R? = 0.470), slightly less than the logistic regression models, with a prediction error of
13.26%. Both impurity- and permutation-based importance measures consistently identi-
fied prior suicidal ideation (impurity: 16.7; permutation: 0.129) and depression (impurity:
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7.66; permutation: 0.039) as the top predictors. These variables had also been significant in
the logistic regression models, with their ranking remaining consistent across methods.

Interestingly, prior suicide attempts, which were not statistically significant in the logis-
tic regression models (e.g., Model 2: 3 = —0.054, OR = 0.947, p = 0.919), ranked as the third
most important predictor in the random forest model (permutation importance: 0.00931).
Additional influential predictors included female sex (permutation importance: 0.00591)
and a history of NSSI (permutation importance: 0.00572), both of which demonstrated
relatively stable predictive power.

In contrast, the three facets of school-related conflict—significant in the logistic re-
gression models—contributed minimally to the random forest model’s predictive accuracy.
Among these, conflicts with both teachers and peers ranked 11th (permutation importance:
0.00179), followed by conflicts with peers alone (23rd; permutation importance: 0.000277),
while conflicts with teachers alone ranked near the bottom with a negative permutation
importance score (—0.000557).

The timing of assessment, categorized as pre- versus post-pandemic, was the ninth
most important variable, with a permutation importance score of 0.00234. This variable
demonstrated greater relevance than certain potentially psycho-traumatizing negative
life events, such as severe conflict (ranked 10th; 0.00190), parental divorce (ranked 13th;
0.00173), or having a parent residing abroad. Notably, while parental absence had been
statistically significant in the second logistic regression model, it ranked 38th in the random
forest model, with a negative permutation importance score (—0.000332).

A complete breakdown of variable importance scores is available in Supplementary
Table S7 and visually depicted in Figure 1. These findings highlight the strengths of the
random forest approach in identifying the nuanced contributions of predictors, offering a
complementary perspective to the logistic regression results.
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Figure 1. Importance of predictors for suicidal behavior.

3.4.2. Predicting NSSI

The random forest model for predicting non-suicidal self-injury (NSSI) explained
40.3% of the variance (R? = 0.403; prediction error = 13.59%), which was lower than
the variance explained by the logistic regression models. Consistent with the logistic
regression results, a history of NSSI was the most important predictor, with both impurity
(16.9) and permutation (0.136) importance scores highlighting its significance. Borderline
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personality disorder traits, though showing a relatively low permutation importance score
(0.0107), emerged as the second most influential predictor in the random forest model. This
contrasts the logistic regression models, where borderline personality disorder traits were
not significantly associated with NSSI (e.g., Model 2: 3 =0.100, OR = 1.105, p = 0.824).

The number of comorbidities, which was a significant predictor in the logistic re-
gression models, showed lower importance in the random forest model (permutation
importance: 0.00895), similar to prior suicidal ideation (permutation importance: 0.00877).
Other notable predictors in the random forest model included academic performance
(0.00569), conduct disorder (0.00544), and anxiety disorders (0.00282).

The timing of presentation, categorized as pre- versus post-pandemic, was ranked
eighth in permutation importance (0.00175), surpassing variables, such as past suicide at-
tempts (0.00150; ranked 10th), family conflicts (0.00115; ranked 12th), and other potentially
traumatic life events. Among these events, the experience of having a parent living abroad
had the lowest permutation importance score (0.000518), ranking 17th.

These results are detailed in Supplementary Table S8 and illustrated in Figure 2.
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Figure 2. Importance of predictors for NSSL

4. Discussion

This retrospective cohort study investigated the risk factors and clinical predictors
associated with suicidal behavior (SB) and non-suicidal self-injury (NSSI) among pediatric
psychiatry emergency admissions, contrasting data from the pre-pandemic year of 2019
with the post-pandemic year of 2022. Our comprehensive analysis elucidates several signif-
icant associations that enhance and refine the existing literature surrounding adolescent
self-harm in clinical environments.

4.1. Prevalence and Characteristics of Self-Harm

Our sample comprised a notable majority of females (58.65%) with a mean age of
14.57 years (SD = 2.25), mainly hailing from urban settings (62.75%). While many partici-
pants came from ostensibly stable family units, a considerable subset (71.85%) reported
experiencing familial conflicts. Furthermore, a significant proportion (58.65%) identified at
least one family member with a psychiatric disorder, predominantly substance use disor-
ders (33.13%). These findings echo existing research highlighting the familial transmission
of psychopathology and the interplay between emotional and behavioral dysfunctions
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across generations [25-27]. Additionally, we observed that 14.95% of participants reported
a family history of somatic conditions, hinting at a possible nexus between mental and
physical health vulnerabilities within families. The prevalence of exposure to at least one
potentially traumatic negative life event (55.13%), with parental separation or divorce being
the most reported (1 = 64), underscores the importance of considering family dynamics in
the assessment and treatment of self-harm behaviors in adolescents [28].

The high prevalence of self-harming behaviors (both SB and NSSI) discovered within
our sample aligns with the growing body of evidence documenting the significant burden
of these behaviors among adolescents [4,5]. Previous studies have similarly demonstrated
elevated rates of self-harm and suicidal ideation among adolescents, particularly in clinical
settings [29,30]. Notably, we observed a significant increase in self-harm methods, specif-
ically cutting and scratching, in the post-pandemic period (x> = 3.826, p = 0.050). This
escalation reflects broader trends reported in the literature, which raised concerns about
heightened rates of self-harm during and following the COVID-19 pandemic [15,16,18,31].

The trend of increased self-harm during the pandemic has been substantiated by
several studies, indicating that psychological stressors, such as isolation, uncertainty, and
changes in routine, contributed to heightened distress among adolescents [20,32]. Perti-
nently, medication ingestion was identified as the most common method used in suicide
attempts among our sample. This finding is consistent with previous research suggesting
that adolescents increasingly utilize pharmaceuticals as a method of self-harm [33-35].
Many studies have reported that the accessibility of medications, coupled with emotional
distress, contributes to the prevalence of such attempts among youth [36,37].

4.2. Risk and Protective Factors

Our comparative analyses yielded several significant risk factors associated with both
suicidal behavior (SB) and non-suicidal self-injury (NSSI) among adolescents admitted to
psychiatric emergency services.

Prevalence of Psychiatric Disorders. Individuals within the SB group demonstrated
markedly higher rates of depressive disorders, anxiety disorders, post-traumatic stress
disorder (PTSD), borderline personality disorder traits (BPDs), and a history of potentially
traumatic negative life events, all with statistical significance (p < 0.05). This finding corrob-
orates a substantial body of literature that has consistently linked psychiatric disorders with
suicidal behaviors. For instance, Barrocas et al. (2015) and Deutz et al. (2016) highlighted
the strong association between major depressive disorder and increased suicide risk among
adolescents [38,39]. Fang et al. (2024) also concluded that anxiety disorders serve as robust
risk factors for both suicidal ideation and attempts, emphasizing the multifaceted nature of
these conditions and their impact on youth [40].

Furthermore, PTSD has been recognized as a significant predictor of suicidal behav-
iors [41]. Adolescents with PTSD often grapple with intrusive memories and heightened
emotional distress, which can contribute to self-harm and suicidal ideation [42]. In our
analysis, we found that a history of suicidal ideation and attempts, as well as NSSI, were
strongly correlated with current suicidal behaviors. This aligns with previous findings by
Ribeiro (2016), who pointed out that such a history should be considered a critical indicator
of future suicide risk [8].

Gender Differences in Suicidal Behavior. Notably, our study found that females
were significantly overrepresented in the SB group (x? = 23.640, p < 0.001). This finding is
consistent with established gender differences in suicidal behavior, where studies indicate
that adolescent girls tend to exhibit higher rates of suicidal ideation and attempts compared
to their male counterparts [43]. Researchers have posited that societal norms, emotional
expression differences, and coping styles may contribute to these disparities [44].
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Academic Conflicts and Reporting Bias. Interestingly, lower rates of academic con-
flicts were reported in the post-pandemic period, which warrants further investigation [45].
This unexpected finding may reflect a reporting bias, as adolescents may have different
thresholds for reporting academic distress after experiencing the unique challenges and
disruptions brought on by the pandemic [15]. Alternatively, the complex interplay of
factors during this period may have led to changes in academic environments and support
systems that reduced reported conflict. Further qualitative research could illuminate these
dynamics and help ascertain whether this trend reflects genuine changes in academic
pressures or variations in reporting practices among adolescents [46].

NSSI and Associated Risk Factors. The NSSI group exhibited significantly elevated
rates of depression, PTSD, borderline personality disorder traits, and family conflicts com-
pared to the control group. The association between NSSI and these psychiatric conditions
has been well-documented in the literature. For instance, the link between NSSI and con-
duct disorder reflects the behavioral problems often seen in adolescents who self-harm [47].
Additionally, family conflicts were prevalent among those exhibiting NSSI, corroborating
findings by Tatnell et al. (2014), which indicated that interpersonal relationships, partic-
ularly within family settings, significantly impacted self-harming behaviors [48]. Also
of interest are the results provided by a recently published systematic umbrella review
suggesting the potential usefulness of specific interventions targeting emotional dysregula-
tion as a trans-diagnostic manifestation, such as ER Individual Therapy for Adolescents
(ERITA), in reducing NSSI behaviors [49].

A particularly salient finding from our analyses is the strong association between a
history of self-harm and current NSSI. This underscores the importance of early intervention
and preventive efforts targeting adolescents who have previously engaged in self-injurious
behavior. Studies, such as those by Ribeiro et al. (2015), have demonstrated that prior
self-harm significantly increases the risk of future episodes, reiterating the necessity for
routine screenings and interventions in clinical and educational settings to address these
behaviors before they escalate [8].

4.3. Impact of the COVID-19 Pandemic

The COVID-19 pandemic has generated unprecedented disruptions globally, particu-
larly affecting mental health across various age groups, with adolescents being particularly
vulnerable [20,50]. Our study’s comparisons between pre- and post-pandemic periods
revealed significant shifts in mental health status and diagnostic profiles among adoles-
cents seeking psychiatric care [51,52]. The findings indicate a complex and multifaceted
impact of the pandemic on adolescent mental health, reflecting the interplay of height-
ened stressors, evolving psychosocial dynamics, and variations in access to mental health
services [16,45,53,54].

Changes in Demographics and Depression Rates. One of the most striking contrasts
observed was the significant increase in the mean age of adolescents in the post-pandemic
sample. This demographic shift may suggest various underlying factors, including changes
in the age of onset for mental health issues or alterations in treatment-seeking behavior
among older adolescents. Previous research has suggested that older adolescents may
experience distinct stressors related to transitions into adulthood, which could exacerbate
mental health challenges in the context of a pandemic [55].

Moreover, the post-pandemic sample exhibited substantially higher rates of depression
and suicidal ideation, aligning with global trends that have documented a surge in these
conditions during the pandemic. A meta-analysis by Wang et al. (2022) reported that
depression rates among adolescents increased significantly during COVID-19, driven
largely by social isolation, uncertainty, and loss [56]. Furthermore, increased family stress
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and economic instability during the pandemic have been identified as contributing factors
to the decline in adolescent mental health [57]. Our findings, which showed statistically
significant differences (all p < 0.05), underscore the urgency in addressing mental health
needs during and following such crises.

Reports of Potentially Psycho-traumatic Negative Life Events. In addition to higher
rates of depression, the increase in reports of potential psycho-traumatic negative life events
among adolescents post-pandemic is concerning. The pandemic has exposed youth to a
range of traumatic experiences—ranging from the loss of family members to disruptions
in daily life—and these experiences can profoundly impact mental health [58]. Studies
have indicated that exposure to such traumatic events significantly heightens the risk of
developing PTSD and other stress-related disorders [59]. Furthermore, parental stress
has emerged as a significant factor influencing child mental health, underscoring the
importance of family dynamics in these contexts [60]. Our findings reaffirm the critical need
for mental health services to incorporate trauma-informed approaches in their interventions
for adolescents, especially in the context of global crises.

Decreased Rates of Oppositional Defiant Disorder and Sleep Disorders. Conversely,
we observed lower rates of oppositional defiant disorder (ODD) and sleep disorders in the
post-pandemic cohort. This decline might suggest a variety of interpretations, including
potential shifts in diagnostic criteria, variations in the contextual factors that contribute
to these disorders, or even changes in the environment in which adolescents operate. For
instance, with the transition to online learning and decreased traditional school settings,
some youth may have experienced reduced external pressures, which could mitigate the
expressions of defiant behavior often observed in school contexts [16]. Furthermore, the
lower rates of sleep disorders could hint at changes in daily routines and sleep patterns
that emerged during lockdowns—such as reduced screen time associated with structured
classroom settings and altered family dynamics during this period. However, it is crucial
to note that the delayed detection of these disorders may also occur, necessitating the
ongoing monitoring of adolescent mental health as the long-term impacts of the pandemic
unfold [61].

Complex Interplay of Stressors and Access to Care. Overall, these contrasting
findings highlight the pandemic’s multifactorial impact on adolescent mental health. They
suggest a possible dual effect: while the pandemic has intensified certain stressors (e.g.,
grief, anxiety, depressive symptoms), it has also altered the context surrounding others,
potentially leading to a reduction in some behavior-related disorders. Changes in access
to mental health care during this period significantly influenced these outcomes. While
some adolescents may have benefited from telehealth services during lockdowns, others
encountered barriers, such as technology access, privacy concerns, and reduced in-person
support [62]. Implementing online interventions may serve as an effective strategy to
support families navigating these challenges [63]. The observed increases in depression
and PTSD, alongside demographic shifts and potentially lowered rates of certain disorders,
underscore the importance of ongoing surveillance, research, and tailored interventions.

4.4. Predictive Models

Predictive Modeling of Suicidal Behavior. The present study employed logistic
regression models (Models 1 and 2) to evaluate the predictive accuracy for suicidal behavior
(SB). These models demonstrated significant predictive accuracy, with Model 1 yielding
a x? statistic of 236.661 (df = 312, p < 0.001) and a Tjur R? value of 0.571, while Model 2
offered a slightly improved Tjur R? of 0.599. This level of predictive power suggests that the
models effectively identified key variables that contribute to the risk of suicidal behavior in
the adolescent population assessed.
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Through these models, we identified several significant predictors of SB, including
depression, prior suicidal ideation, and, intriguingly, school-related conflicts. Specifically,
our findings underscored the substantial risk conferred by depressive symptoms, with
Model 1 reporting an odds ratio (OR) of 5.700 (p < 0.001) and Model 2 indicating an
even greater risk at OR = 6.803 (p < 0.001). This aligns with the existing literature that
consistently underscores the critical role of depression as a precursor to suicidal behaviors
in adolescents [38,39,64].

Moreover, our analyses revealed that a history of suicidal ideation was strongly corre-
lated with current suicidal behaviors, with Model 1 reporting an OR of 47.261 (p < 0.001)
and Model 2 reflecting an even higher OR of 68.410 (p < 0.001). These findings reinforce
previous studies that have documented the importance of prior suicidal thoughts as a
robust predictor of subsequent suicidal actions, illustrating the urgent need for effective
monitoring and intervention strategies for individuals presenting with such histories [8,65].
In this regard, a recently published systematic review indicates that dialectical behavior
therapy was the only intervention shown to be effective for adolescents at a high risk for
suicide and suicide attempts [66].

Interestingly, our models indicated that school-related conflicts were associated with
a decreased risk of SB (Model 1: OR = 0.317, p = 0.023). This counterintuitive finding
necessitates further investigation, as it diverges from most existing literature that associates
academic stress and school-related issues with an increased risk of depression and suicidal
behavior [67,68]. Potential explanations for this protective effect could include the role of
social support systems within academic settings or variations in coping mechanisms among
adolescents facing academic challenges. Further qualitative and quantitative research is
warranted to explore the nature of these school-related conflicts, as understanding their
impact on suicidal risk could inform targeted interventions within educational frameworks.

Novel Risk Factor: Parent Living Abroad. An additional significant finding from
Model 2 was the identification of having a parent living abroad as a novel risk factor for
suicidal behavior (OR = 11.438, p = 0.020). This factor has not been extensively discussed in
the literature regarding adolescent suicidal behavior, suggesting a unique area for further
exploration. The emotional distance and potential for familial disconnection associated
with having a parent reside in a different country could exacerbate feelings of loneliness,
abandonment, or instability among adolescents [69,70]. Prior studies have indicated
that parental absence or separation can significantly affect a child’s emotional well-being
and increase vulnerability to mental health issues [71]. Further research focusing on
parenting styles, family dynamics, and the emotional ramifications of having a parent
living abroad could elucidate the mechanisms contributing to an increased suicidal risk in
this demographic.

Predictive Modeling of Non-Suicidal Self-Injury (NSSI). The logistic regression
models employed in this study revealed significant predictive capability for non-suicidal
self-injury (NSSI), with Model 1 achieving a x? statistic of 197.244 (df = 312, p < 0.001) and a
Tjur R? of 0.510, while Model 2 showed an improved Tjur R? of 0.528. These results indicate
that our models adeptly identified critical factors contributing to the propensity for NSSI
within the adolescent population studied.

Key Predictors of NSSI. Among the most striking findings from our analysis was the
identification of a history of self-harm as a potent predictor of current NSSI behavior—with
Model 1 reporting an odds ratio (OR) of 42.054 (p < 0.001) and Model 2 revealing an even
greater OR of 52.437 (p < 0.001). This finding aligns with a robust body of literature em-
phasizing the cyclical nature of self-harm behaviors, whereby individuals with a history of
self-injury are at a significantly increased risk for future episodes [7,8,72,73]. The persis-
tence of NSSI among adolescents underscores the necessity for vigilant monitoring and
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effective intervention targeting this population, as early identification and treatment can
prevent the escalation of self-harming behaviors. Results of a systematic review indicate
some evidence for a reduction in NSSI relapse among adolescents after dialectical behavior
therapy (DBT-A) interventions [74].

In addition to the history of self-harm, our models highlighted the significance of
comorbidity, with a greater number of comorbid diagnoses emerging as a notable risk factor
for NSSI. Specifically, Model 1 indicated an OR of 1.741 (p = 0.001), while Model 2 reported
an OR of 1.709 (p=0.003). This result resonates with previous research indicating that
adolescents with multiple mental health disorders are particularly vulnerable to engaging
in self-injurious behaviors [75,76]. Understanding the interplay between diverse comor-
bidities, such as depression, anxiety, ADHD, and post-traumatic stress disorder (PTSD),
is critical for developing comprehensive treatment plans that address the multifactorial
nature of mental health challenges in this demographic [77].

Conduct Disorder and Its Protective Effect. Interestingly, our findings also revealed
that conduct disorder exhibited a protective effect regarding NSSI (Model 1: OR = 0.230,
p =0.001; Model 2: OR = 0.184, p < 0.001). This unexpected result warrants closer examina-
tion, as it diverges from prevailing narratives that associate conduct disorder with higher
risks of aggressive or self-injurious behavior among adolescents [78,79]. One possible ex-
planation for this protective association could be that adolescents diagnosed with conduct
disorder may express their distress through externalizing behaviors rather than self-harm,
thereby reducing the likelihood of engaging in NSSI [80]. However, the relationship may
be more nuanced: research suggests that externalizing behaviors and suicidality are in-
directly linked, mediated by internalizing factors, and that externalizing behaviors may
offer an alternative coping mechanism [80]. Further investigation is necessary to clarify
this complex interaction. Alternatively, this finding may reflect underlying differences in
coping mechanisms or social support systems within this population, deserving extensive
studies to elucidate the complexity of these relationships.

The significant association between comorbidity and NSSI highlights the intercon-
nectedness of various mental health challenges within this population. A comprehensive
understanding of these relationships can better inform clinical practice and intervention
strategies. For instance, mental health practitioners should conduct thorough assessments
of adolescents presenting with self-injurious behavior, including a detailed evaluation
of comorbid conditions, to ensure that treatment plans holistically address the patient’s
mental health profile [81,82].

Random Forest Modeling. While exhibiting lower R? values than logistic regression,
the random forest models offer distinct advantages in assessing relative variable importance
for both suicidal behavior (5B) and non-suicidal self-injury (NSSI).

For SB, prior suicidal ideation and depression emerged as the most prominent pre-
dictors, consistent with the findings from the logistic regression models. However, the
random forest approach revealed the influence of additional factors, such as a history
of suicide attempts, school-related conflicts, family conflict, and various demographic
variables, which may have been obscured by multicollinearity in the logistic regression
analyses [83,84]. This ability to uncover hidden relationships within the data underscores
the utility of random forest modeling.

Similarly, for NSSI, prior self-harm remained the strongest predictor, affirming the
findings of the logistic regression. Notably, the random forest model highlighted the signif-
icance of borderline personality disorder traits (BPDs), a factor that was not statistically
significant in the logistic regression analysis. This is particularly relevant, as the litera-
ture has established the correlation between BPDs and self-injurious behaviors, further
emphasizing the need for vigilant screening and assessments in clinical practice [85,86].
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The consistent identification of key predictors across both modeling approaches enhances
confidence in their clinical relevance and potential implications for intervention strategies.

The observed lower R? values in the random forest models for both outcomes, com-
pared to the logistic regression models, can be attributed to the inherent higher dimension-
ality of the random forest modeling technique. While logistic regression typically focuses
on a selected number of predictor variables, random forest models consider the entire
dataset, encompassing a larger number of potential predictors and interactions among
them. This complexity, while beneficial for capturing nuanced relationships, can lead to
lower R? values as a consequence of how R? is calculated in high-dimensional contexts [87].
It is crucial to note that lower R? values do not imply inferior model performance, par-
ticularly regarding the ability of the model to evaluate and rank predictor importance.
The implementation of permutation importance in random forest modeling provides a
robust method for assessing the contribution of each predictor variable. This approach
allows for a comprehensive evaluation of variable importance that can reveal the impact of
multiple variables that might otherwise be masked by high collinearity when relying solely
on regression coefficients derived from logistic regression [88].

Moreover, the permutation importance method addresses the limitation of traditional
significance testing within regression frameworks, where multicollinearity can inflate
standard errors and lead to erroneous conclusions about the importance of specific predic-
tors [89]. By revealing hidden relationships and emphasizing the importance of additional
factors, like borderline personality disorder traits, the findings from random forest analyses
underscore the necessity of utilizing diverse modeling techniques to inform clinical practice
and improve outcomes in adolescent mental health.

4.5. Limitations

This retrospective cohort study, while offering valuable insights into adolescent self-
harm, has several limitations. First, the reliance on existing clinical records introduces recall
bias, particularly regarding the self-harm history, trauma, and family history, and poses
challenges related to data quality and completeness. Self-reports and parent-reports are
prone to memory errors and social desirability bias, where individuals might under- or
overreport particular behaviors or experiences. This can lead to inaccurate data, potentially
jeopardizing the reliability of our findings. Furthermore, the data may be incomplete
due to missing information or varying levels of detail in the original records, which can
affect the thoroughness of our analysis. Diagnostic information, based on ICD-10 codes,
may not fully capture the complexity of adolescent presentations, leading to the potential
underrepresentation of nuanced conditions.

The sample, drawn from a single emergency department, may not be representative
of all adolescents who engage in self-harm, as the predominantly female and urban com-
position limits generalizability. The focus on emergency admissions introduces selection
bias, excluding adolescents with less severe presentations who may not seek emergency
care. This problem is likely to be particularly reflected when it comes to the composition
of our control group, which also includes only patients who presented under emergency
conditions. Thus, although it serves our objective of identifying those factors that cause
only a proportion of severe psychiatric cases to resort to SB or NSSI, the inclusion of only
these cases limits the comparability with non-emergency populations. Furthermore, the
broad age range (6-18 years) used in the sample may obscure age-related differences in
self-harm behaviors. Measurement error is also a concern, particularly in key variables, like
family conflict, trauma, and the socioeconomic status, which were derived from clinical
records and may not have been fully documented or consistently reported. Furthermore,
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another limitation of our study is that specialized questionnaires were not used to quantify
the predictor variables, but only a series of predefined questions was used.

The use of both logistic regression and random forest models introduces inherent
assumptions, such as the normality of residuals in regression, which may not have been
fully met. While multicollinearity was not significant according to Variance Inflation
Factors (VIFs), its potential influence on the logistic regression results cannot be ruled
out. The subjective nature of hyperparameter selection in random forest models is another
limitation, as this may impact model performance and stability.

Moreover, the pre- and post-pandemic comparison does not fully account for other
socio-political or economic factors that could have influenced adolescent mental health.
Attributing the observed changes solely to the pandemic risks oversimplification, especially
when other external variables may have played a role. The specific impact of COVID-19
lockdown measures on access to mental health services, which could have contributed to
changes in self-harm behaviors, was not addressed in the study:.

The retrospective design prevents the drawing of definitive causal inferences, and
observed associations may be influenced by unmeasured confounders. These limitations
should be carefully considered when interpreting the findings. Future research utiliz-
ing prospective designs and standardized measures is needed to confirm and extend
these results.

5. Conclusions

This retrospective cohort study examined the risk factors and clinical predictors of
suicidal behavior (SB) and non-suicidal self-injury (NSSI) in adolescents presenting to a
Romanian pediatric psychiatry emergency department, both before and after the COVID-
19 pandemic. The study confirmed a high prevalence of both SB and NSSI among the
adolescent sample, consistent with the existing literature. The most common methods of
self-harm were cutting and scratching, with a significant increase in prevalence observed
post-pandemic. Medication ingestion was the most frequent method for suicide attempts,
also showing a notable post-pandemic rise.

Our analysis identified several critical individual, family, and environmental risk fac-
tors for both SB and NSSI, including depression, a history of self-harm behaviors, conduct
disorder, sleep disorders, anxiety disorders, PTSD, borderline personality traits, family
conflict, and exposure to potentially psycho-traumatic negative life events. Both logistic
regression and random forest models proved effective in predicting SB and NSSI, with lo-
gistic regression offering higher R? values, while random forest provided valuable insights
into the relative importance of various predictors. Notably, random forest highlighted the
significance of variables, such as a history of suicide attempts and borderline personality
traits—factors obscured by multicollinearity in logistic regression models.

The study also revealed significant shifts in adolescent self-harm behaviors following
the COVID-19 pandemic, with increases in depression, suicidal ideation, and exposure to
possible psycho-traumatic negative life events. These findings align with growing concerns
about the pandemic’s detrimental impact on adolescent mental health. Interestingly, we
also observed lower rates of family and academic conflict, suggesting a complex interplay
of pandemic-related factors that warrant further investigation.

These findings emphasize the need for comprehensive, multidisciplinary approaches
to prevent, identify, and treat self-harm behaviors in adolescents. Such interventions should
address not only individual-level factors, like depression, anxiety, and other mental health
issues, but also the critical role of family and social environments. Early intervention,
particularly for adolescents with a history of self-harm, is essential. Further research
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is needed to better understand the complex and evolving relationships among factors
influencing adolescent mental health.

Future studies should focus on prospective longitudinal research to establish defini-
tive causal relationships, expand the sample size to include more diverse populations to
improve generalizability, and develop and evaluate culturally sensitive and effective pre-
ventive interventions. Additionally, further exploration into how specific pandemic-related
factors impacted adolescent mental health and access to care is crucial.
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Abstract: Background/Objectives: Autism spectrum disorder (ASD), attention deficit
hyperactivity disorder (ADHD), and Tourette syndrome (TS) are neurodevelopmental
disorders (NDDs) with overlapping symptoms, suggesting a partially shared genetic
origin. This study investigates the prevalence of connective tissue-related conditions in
individuals with ASD, ADHD, or TS. Methods: A questionnaire was administered to
families of 120 individuals with ASD, ADHD, or TS, collecting sociodemographic data and
examining 10 types of disorders affecting various organs and systems. Statistical analyses
were performed using STATA 16.0, with the significance level set at 5%. Results: Among
the 120 patients, 48 had ASD, 36 had ADHD, and 36 had TS. Flat feet were significantly
more common in individuals with ASD (52.1%; OR 7.20; p < 0.001), ADHD (52.8%; OR 6.73;
p =0.001), and TS (38.9%; OR 3.70; p = 0.034) compared to controls (13.6%). Hypersensitivity
was more frequent in individuals with ASD (56.3%; OR 5.90; p = 0.001), ADHD (50.0%;
OR4.11; p =0.011), and TS (58.3%; OR 5.35; p = 0.003) compared to controls (18.2%). Myopia
and ptosis were more common in ADHD (30.6%). There was a possible trend towards
orthodontic device use in TS (OR 3.20; p = 0.076). Flat feet and hypersensitivity were
also common in fathers (31.0% and 36.4%, respectively), mothers (31.0% and 15.2%), and
patients (43.8% and 55%). Conclusions: The findings of this study highlight the significant
associations between ASD, ADHD, and TS and specific physical symptoms, such as flat
feet, sensory hypersensitivity, and other connective tissue-related manifestations. The
familial prevalence of these symptoms suggests a potential genetic underpinning, further
supporting the hypothesis of shared aetiological pathways. These insights underscore the
need for interdisciplinary research to explore the mechanisms linking neurodevelopmental
and connective tissue disorders, aiming to improve diagnosis and management strategies.

Keywords: autism spectrum disorder; attention deficit hyperactivity disorder; connective
tissue; neurodevelopmental disorders; Tourette syndrome

1. Introduction

Autistic spectrum disorder (ASD), attention deficit hyperactivity disorder (ADHD),
and Tourette syndrome (TS) are neurodevelopmental disorders (NDDs) that typically

Children 2025, 12, 33 https:/ /doi.org/10.3390/ children12010033
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emerge during childhood and persist throughout life. ASD is a complex developmental
condition that affects how individuals interact, communicate, and behave. ADHD is an
NDD characterised by persistent patterns of inattention, hyperactivity, and impulsivity.
TS is a tic disorder involving involuntary, repetitive movements (motor tics) and sounds
(vocal tics).

These conditions manifest in diverse ways, leading to impairments in personal, social,
academic, and occupational functioning [1,2]. The aetiopathogenesis of these disorders is
thought to involve a complex interplay of genetic, epigenetic, and environmental factors.
Extensive research into the heritability of NDDs suggests that a substantial proportion of
phenotypic variance can be attributed to genetic influences [3,4]. Notably, certain genes
associated with ASD have also been implicated in ADHD and TS [4].

Although ASD, ADHD, and TS are traditionally viewed as distinct conditions, dif-
ferences in the timing of abnormal neurodevelopment and, more importantly, the neural
circuits involved distinguish these disorders [5]. However, emerging evidence indicates
they may share partially overlapping genetic factors [4,6]. Specific genes and genetic re-
gions have been identified that appear to contribute to a shared genetic predisposition
for ASD, ADHD, and TS [4]. This genetic overlap is further supported by the signifi-
cant symptomatological similarities among these disorders, which include attentional
difficulties, impulsivity, repetitive or ritualistic behaviours, deficits in communication
and social interaction, obsessive traits, anxiety disorders, and abnormalities in sensory
processing [1,4,7].

Moreover, ASD, ADHD, and TS seem to exhibit overlapping neuropathological mecha-
nisms. These disorders share features such as long-range underconnectivity and short-range
overconnectivity in brain networks, reflecting similar patterns of neural dysfunction [8].
Long-range underconnectivity refers to weak connections between distant brain regions [9].
Conversely, short-range overconnectivity describes enhanced connections within local
brain regions [10]. This pattern reflects distinct neural dysfunctions that can manifest across
different conditions. Consequently, it has been hypothesised that ASD, ADHD, and TS
may represent a spectrum of related neurodevelopmental disorders, collectively termed
“abnormal connectivity spectrum disorders” [11].

Connective tissue diseases are a group of disorders impacting structures such as
tendons, ligaments, cartilage, and the extracellular matrix. Several symptoms have a
potential association with connective tissue disorders. Chronic fatigue and muscle pain
are prevalent in autoimmune diseases and connective tissue disorders [12]. The excessive
sweating of hands and feet can be associated with connective tissue disorders [13,14].
Gastrointestinal symptoms (constipation and diarrhoea) are often seen in connective tissue
disorders [15,16]. Hypersensitivity to sensory stimuli, including tactile, visual, and auditory
inputs, is linked to various connective tissue disorders, such as Ehlers-Danlos syndrome.
Sensory processing differences are observed in approximately 90% of individuals with ASD,
particularly in response to tactile stimuli. Recent research using ASD mouse models has
shed light on the neurobiological mechanisms underlying these sensory alterations [17].

In addition, connective tissue plays a crucial role in supporting the structure and
function of the nervous system [18]. The interaction between brain network connectivity
disorders and connective tissue abnormalities suggests the existence of a complex relation-
ship in which structural issues may influence functional outcomes [19]. A recent study
utilising in vivo confocal microscopy revealed significant changes in the corneal connective
tissue structure of adults with ASD compared to typically developing controls [20]. A
broader perspective on the central and peripheral connectivity alterations characterising
NDDs is proposed through the “Connectivome Theory” [21]. This theory underscores
the role of connective tissue in various organs, highlighting its multifunctional properties,
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including structural support, connection, nourishment, regulation, and modulation among
different cellular elements. Therefore, abnormalities in glial function or extracellular matrix
composition and alterations in connective tissue can hinder proper neuronal wiring [22].

The primary objective of this study is to examine the prevalence of pathologies associ-
ated with connective tissue alterations in individuals diagnosed with ASD, ADHD, or TS
and to compare these findings with those from a healthy control group. A secondary aim is
to evaluate whether these symptoms are observed at a significant rate among the parents
of affected individuals.

2. Materials and Methods

The questionnaire (see Appendix A), designed to investigate symptoms associated
with connective tissue disorders, was administered to the families of 120 individuals
diagnosed with NDDs, specifically ASD, ADHD, and TS, as well as to a control group
attending the Child and Adolescent Neuropsychiatry Outpatient Clinics at the University
Hospital of Verona, Italy.

The data collection period spanned from December 2019 to January 2022. Parents or
caregivers actively participated in the study by responding to structured questionnaires,
contributing to data acquisition.

This study was approved by the Ethical Committee of the University Hospital of
Verona under the following codes: CESC 2243 (Paediatric Clinic, University Hospital
of Verona) and CESC 2242 (Child and Adolescent Neuropsychiatry Outpatient Clinics,
University Hospital of Verona). Written informed consent was obtained from each partici-
pant’s parents.

The questionnaire gathered sociodemographic data and assessed the presence of
18 symptom categories in both the patients and their parents. These categories were
as follows:

Varicose veins, vasculitis, and haemorrhoids;

Striae rubrae, skin irregularities, or redness;

Excessive sweating of the hands and feet;

Joint inflammation and rheumatism;

Joint dislocations and subluxations/dislocations;

Joint pain involving 1 to 3 large joints lasting for more than 3 months;
Back pain, transient muscle pain in the limbs, or chronic fatigue;
Hip dysplasia, scoliosis, or kyphosis;

Inguinal, umbilical, abdominal, or disc hernias;

Flat feet;

Constipation, diarrhoea, or alternating bowel patterns;

Heartburn, gastroesophageal reflux, or hiatal hernia;

Use of orthodontic appliances;

Tactile, visual, auditory, olfactory, or gustatory hypersensitivity;
Myopia or drooping eyelids, including unilateral or bilateral ptosis;

Immune and/or autoimmune diseases.

The same questionnaire was also administered to a control group comprising 44
families with typically developing, healthy children attending the clinic.

Statistical Analysis

Continuous Gaussian variables were summarised as mean values with standard
deviations (S.D.). Categorical variables were described using counts and percentages.

The presence of symptoms was compared across controls, TS, ASD, and ADHD groups
using logistic regression models. In these models, the dependent variable was the presence
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of the symptom, while case—control status served as the independent variable. Age and sex
were included as covariates to adjust the estimates.

To address issues of separation and potential convergence difficulties caused by the
low prevalence of certain symptoms, Firth’s penalised maximum likelihood method was
employed in the logistic regression analyses [23,24].

Statistical analyses were conducted using the STATA 16.0 software package (www.
stata.com). A significance threshold of 5% was applied for all statistical tests.

3. Results

A total of 164 participants were included in the study. Of these, 44 (26.8%) were
healthy controls, while the remaining 120 (73.2%) were cases: there were 48 (29.3%) with
ASD, 36 (22.0%) with ADHD, and 36 (22.0%) with TS. The mean age of the cases was 10.1
years (S.D.: 3.6), compared to the 9.5 years (S.D.: 2.5) observed for the controls.

The control group was evenly distributed by sex, with 22 males (50.0%) and 22 females
(50.0%). In contrast, most cases were male, comprising 110 participants (91.7%).

The analysis presented in Table 1 demonstrates that flat feet are significantly more
prevalent among individuals with ASD (52.1%), ADHD (52.8%), and TS (38.9%) compared
to the control group (13.6%), indicating a strong association with the NDDs under investi-
gation. Heartburn, gastro-oesophageal reflux, and hiatus hernia are notably more frequent
in individuals with TS (27.8%) relative to the other groups. Similarly, the use of orthodontic
appliances is more common in subjects with TS (41.7%) compared to the other cohorts.
Hypersensitivity is markedly more prevalent in individuals with ASD (56.3%), ADHD
(50.0%), and TS (58.3%) compared to controls (18.2%), further supporting the existence of a
strong correlation with the NDDs included in the study. Additionally, myopia and ptosis
are observed more frequently in individuals with ADHD (30.6%) compared to the other
groups (Table 1, Figure 1).

Table 1. The table shows the prevalence of symptoms in four groups: ASD (autism spectrum disorder),
ADHD (attention deficit hyperactivity disorder), TS (Tourette syndrome), and controls (individuals
without specific diagnoses). The data are expressed as the percentage of affected individuals in each
group and the percentage variation (A%) compared to the controls.

Symptoms ASD (%) A%  ADHD (%) A% TS (%) A%  Controls (%)
Hypertension 0.0 0 0.0 0 2.8 2.8 0.0
Varicose
veins/vasculitis/haemorrhoids 21 21 0.0 0 0.0 0 0.0
Striae rubrae/skin
irregularities /reddened skin 4.2 —72 13.9 25 111 —03 1.4
Excessive sweating of hands and feet 14.6 55 22.2 13.1 22.2 13.1 9.1
Joint inflammation /rheumatism 2.1 2.1 2.8 2.8 5.6 5.6 0.0
Joint disloca-
tions/subluxations/dislocations 21 21 28 28 56 56 0.0
Joint pain involving 1 to 3 large joints 21 02 56 33 28 05 23
lasting for more than 3 months

Back pain/transient muscle pain in 42 14 299 4 167 15 182

the limbs/chronic fatigue

Hip dysplasia/scoliosis/curved back 6.3 -2.8 8.3 —0.8 111 2 9.1

Inguinal /umbilical, abdominal, or

) ) 2.1 -24 0.0 —4.5 8.3 3.8 4.5
disc hernias
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Table 1. Cont.

Symptoms ASD (%) A% ADHD (%) A% TS (%) A% Controls (%)
Flat feet 52.1 38.5 52.8 39.2 38.9 25.3 13.6
Constipation/diarrhoea/ 16.7 53 111 03 139 25 11.4
alternating bowel
Heartburn/gastroesophageal 14.6 7.8 5.6 12 278 21 6.8
reflux/hiatal hernia

Rectal or uterine prolaps.e /urinary 49 42 28 28 0.0 0 0.0
and/or faecal incontinence

Use of orthodontic appliances 20.8 2.6 30.6 12.4 41.7 23.5 18.2

Tactile/visual/auditory /olfactory or 563 38.1 50.0 318 583 348 18.2
gustatory hypersensibility

Myopia or drooping eyelids/unilateral 8.3 6 30.6 283 139 116 23

or bilateral eyelid ptosis
Immune and/or autoimmune diseases 0.0 —4.5 0.0 0 0.0 0 4.5

Legend: A%, percentage variation in each symptom compared to the controls.

i Controls EASD WADHD i Tourette syndrome

Figure 1. The bar graph illustrates the percentage prevalence of symptoms among children in the con-
trol group and those with neurodevelopmental disorders, including autism spectrum disorder, atten-
tion deficit hyperactivity disorder, and Tourette syndrome. The categories are colour-coded as follows:
ASD (orange), ADHD (green), Tourette syndrome (yellow), and controls (blue). Abbreviations: * Joint
pain involving 1 to 3 large joints lasting for more than 3 months; **, Tactile/visual/auditory/olfactory
or gustatory hypersensibility; ***, Myopia or drooping eyelids/unilateral or bilateral eyelid ptosis.

The analysis in Table 2 indicates that individuals with ASD exhibit a lower tendency
to experience back pain, transient muscle pain in the limbs, and chronic fatigue (OR 0.25;
95% CI: 0.053-1.16; p = 0.076). The data also reveal a strong association between flat
feet and various NDDs, including ADHD (OR 6.73; 95% CI: 2.097-21.63; p = 0.001), ASD
(OR 7.20; 95% CI: 2.438-21.23; p < 0.001), and TS (OR 3.70; 95% CI: 1.107-12.34; p = 0.034).
Additionally, there is a potential trend towards the increased use of orthodontic appliances
in TS (OR 3.20; 95% CI: 0.887-11.51; p = 0.076).
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Table 2. The table presents the results of the regression analysis used to assess the association

between symptoms and autism spectrum disorder, attention deficit hyperactivity disorder, and

Tourette syndrome.

Symptoms AS]O) p Value ADI—(I)D p Value TSo p Value
(OR, 95% CI) (ASD) (OR, 95% CI) (ADHD) (OR, 95% CI) (TS)
Hypertension (0.0212;12928.08) 0.740 (0.0111;2?)6.46) 0.812 (0.03§i97g4.81) 0.534
veins/ vasctX?t?sc/O lfsemorrhoids (0.065325.13) 0.526 (0.01 11;21?13.97) 0.924 (0.0091;??’75‘69) 0.973
irregjlt;ir?ger: /brﬁc{esrl:gcli skin (0.0223-%.91) 0.222 (0.15(5)52.45) 0.771 (0.18%522.54) 0419
Excessive sweating of hands and feet (. 4;1{5;01) 0.411 ©. 52231_%; 56) 0.293 (. 4212?7 62) 0.429
Joint inflammation/rheumatism (0.0 652—?%)5 07) 0.610 (070529'1159' 60) 0.639 (©. 08;;%(4)11.57) 0.520
Joint dislocations/subluxations (0.0751% 4.34) 0.578 (0. 073_11(; 4.14) 0.557 (0.11213201.07) 0.409
];);?I:tIS)?g; Elx‘c])ivti}?agnl;zéﬁlrf (0.082'—1?5.65) 0.922 (0.1511'—7291 20) 0.645 (0.05(;??5.23) 0.942
O e e/ chroni faighe (0055116 0076 (0355412 0765 0aiais 076
P d}éipifesciiaézﬁhogy (0.1262.92) 0915 (0.1%%1.69) 0846 (0.1;)69-?3.55) 0-988
nguinal ugil:él}ifearlﬁ?absdominal - (0.026512.03) 0.596 (0.08%1—231,70) 0.306 (0.1516%19.71) 0.860
L iest (2.43?3331.23) <O (2.0967.—7231.63) AT (1.10?;232.34) i
Conjﬁgit;?;édﬁzg};?ea/ (0.5729'%.44) 0.263 (0.3215%56.49) 0.625 (0.411558.28) 0.421
Hea?:ﬁﬁi;ﬁi:&?fﬁ?f geat (0.4269—27.98) 0.372 (0.1856—;75) 0.609 (0.69375)153.37) 0.138
N ndor el mconimence . @ue115) %% o orsy 0609 0009563 050
Use of orthodontic appliances (©. 652'(126.77) 0.255 . 65203—% 57) 0.192 (. 883;—2{] 151) 0.076
Tadﬂge{l:ti;;il;; ;;?):f;gnslltflicltgry B (2.16?)??6.12) 0.001 (1.38?—1112.19) 0.011 a .732?156,47) 0.003
eyelil(;/[s};?llﬁi;reiﬁo:rpgﬁitera1 o 43%_153.37) 0255 (1.8;5;1925 5 0.010 o o 1 0.132

eyelid ptosis

au:gilrrrlll;rlllenzrzﬂs{;rses (0.0&2.18) 0.537 (0.010(53:%.11) 0.488 (0.01%—3%.29) 0.594

Legend: CI, confidence interval; OR, odds ratio; TS, Tourette syndrome. Yellow colour: statistically significant.

A significant association between hypersensitivity and NDDs was also identified.

Individuals with hypersensitivity demonstrate a higher propensity for ADHD (OR 4.11;
95% CI: 1.385-12.19; p = 0.011), ASD (OR 5.90; 95% CI: 2.160-16.12; p = 0.001), and TS
(OR 5.35; 95% CI: 1.738-16.47; p = 0.003), confirming that there is a robust association
between hypersensitivity and these disorders. Finally, the analysis revealed that there was

a significant association between myopia or eyelid ptosis and ADHD (OR 13.12; 95% CI:
1.859-92.56; p = 0.01).
Given that both flat feet and hypersensitivity were more prevalent in each NDD

under investigation, we performed a familial analysis across the entire cohort of parents
(Table 3; Figure 2). Flat feet were common (OR 8.3) among fathers (31.0%), mothers (31.0%),
and patients (43.8%; p < 0.001). The symptoms of tactile, visual, auditory, olfactory, or

gustatory hypersensitivity were more frequent (OR 3.31) among fathers (36.4%) compared

127



Children 2025, 12, 33

to mothers (15.2%) and were associated with a high prevalence of the symptoms in patients
(55%; p = 0.006).

Table 3. The table presents a comparative analysis of the percentage distribution of symptoms

among all patients, their fathers, and their mothers, alongside the statistical significance of the

observed associations.

S " Control Overall Patients Father’s Mother’s Statistical
ymptoms OntrolS  (ASD + ADHD +TS)  Patients Patients Analysis
o, 0, 0, o . p-
n (%) n (%) n (%) n (%) OR p-Value Overall
Totals 44 120
Striae rubrae/skin
irregularities, reddened skin absent 39 (88.6) 109 (90.8) 15 (13.8) 7 (6.4) » 0206 0350
present 55 (11.4) 11 (9.2) 5 (45.5) 0(0)
Excessive swgaftmg ofhands et 40 (90.9) 97 (80.8) 11 (11.3) 10 (10.3)
and feet 1.49 0.480 0.299
present 409.1) 23 (19.2) 4(17.4) 2(8.7)
Back pain/transient muscle
pain in the limbs / absent 36 (81.8) 110 (91.7) 21(19.1) 19 (17.3)
chronic fatigue 2.08 0.283 0.862
present 8 (18.2) 10 (8.3) 3 (30.0) 3 (30.0)
Flat feet absent 38 (86.4) 62 (51.7) 5(8.1) 4 (4.5)
8.3 <0.001 <0.001
present 6 (13.6) 58 (48.3) 18 (31.0) 18 (31.0)
Constipation/diarrhoea/
abdominal discomfort absent 39 (88.6) 103 (85.8) 23(22.3) 8(7.8) 301 0.041 0302
present 55 (11.4) 17 (14.2) 8 (47.1) 4(23.5)
Heartburn/gastroesophageal
reflux/hiatus hernia absent 41 (93.2) 101 (84.2) 33(32.7) 25 (24.8) Les 0344 0,389
present 3(6.8) 19 (15.8) 9(47.4) 6(31.6)
Use of orthodontic appliances absent 36 (81.8) 84 (70.0) 23 (27.4) 10 (11.9)
1.48 0.372 0.109
present 8(18.2) 36 (30.0) 12 (33.3) 10 (27.8)
Tactile, visual, auditory,
olfactory or gustatory absent 36 (81.8) 54 (45.0) 8 (14.8) 3 (5.6)
hypersensitivity S8l 0.006 <0.001
present 8(18.2) 66 (55.0) 24 (36.4) 10 (15.2)
Myopia or drooping
eyelids/unilateral or bilateral absent 43 (97.7) 100 (83.3) 28 (28.0) 26 (26.0)
eyelid ptosis 1.27 0.635 0.059
present 1(2.3) 20 (16.7) 9 (45.0) 6 (30.0)

Legend: ASD, autism spectrum disorder; ADHD, attention deficit hyperactivity disorder; NDDs, neurodevelop-
mental disorders; OR, odds ratio; TS, Tourette’s syndrome. Yellow colour: statistically significant; green colour:

borderline significance (0.05 < p < 0.100).
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Figure 2. The figure presents the percentage distribution of symptoms among all patients, their
fathers, and their mothers. The statistically positive significance of the observed associations is shown.

4. Discussion

In our study, we identified a strong association between flat feet, hypersensitivity, and
the neuropsychiatric conditions of ASD, ADHD, and TS. The use of orthodontic appliances
was more frequent in individuals with TS, and myopia and ptosis were notably prevalent in
those with ADHD. Additionally, flat feet and hypersensitivity were more common among
the parents affected by the NDDs under investigation.

Recent studies have indicated that there is a potential link between NDDs and connec-
tive tissue-related symptoms. The underlying mechanisms linking NDDs and connective
tissue-related symptoms may involve immune dysregulation, chronic inflammation, and
vascular issues that impact brain function [25,26]. For example, a condition characterised
by cognitive and behavioural challenges and notable physical features linked to connec-
tive tissue disorders is Fragile X Syndrome. Individuals with Fragile X Syndrome often
exhibit distinct physical traits associated with connective tissue dysregulation, such as joint
hypermobility, hyperextensible skin, and increased tissue fragility [27,28].

Our findings revealed a significantly higher prevalence of flat feet in individuals with
ASD (52.1%), ADHD (52.8%), and TS (38.9%) compared to the control group (13.6%). In a
study analysing children aged 3 to 10 years, the overall prevalence of flat feet was reported
to be 15.7% [29]. A systematic review indicated that the detection rate of flat feet in children
over the past two decades was approximately 25% [30]. Previous research indicated that
52-53% of children with ADHD had exhibit mild to severe flat feet, in contrast to only
8-13% of their typically developing peers [31].
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The causes of flat feet can be categorised as either congenital or acquired, but identi-
fying the specific aetiology in paediatric cases is challenging. Flat feet may present as an
isolated condition or as part of a broader syndrome [32]. For instance, certain congenital
disorders, including Ehlers-Danlos syndrome, are characterised by both flat feet and NDDs
due to underlying connective tissue abnormalities [33]. Notably, genetic syndromes impact-
ing connective tissue, such as Marfan syndrome and Ehlers-Danlos syndrome, are linked to
neurodevelopmental challenges and mitral cardiovascular issues, including valve prolapse
and aortic aneurysms [34-36]. The shared pathophysiological mechanism underlines the clini-
cal overlap between connective tissue anomalies and associated cardiovascular complications.

In connective tissues, elastic fibres play a crucial role in the extracellular matrix,
contributing to the elasticity and resilience of tissues. These fibres give connective tissues
elasticity and resilience [37]. Although no direct evidence links flat feet to alterations in the
extracellular matrix, the structural integrity of the foot is mainly dependent on connective
tissues, primarily composed of extracellular matrix components.

In our study, we observed that hypersensitivity was significantly more prevalent in
individuals with TS (58.3%; OR 5.35, 95% CI 1.738-16.47), ASD (56.3%; OR 5.9, 95% CI
2.160-16.12), and ADHD (50.0%; OR 4.11, 95% CI 1.385-12.19) compared to controls (18.2%).
In a representative sample of elementary school-aged children (ages 7-11), 16% of parents
reported that their children had at least four tactile or auditory sensations [38]. Among
children with ASD, the prevalence of sensory abnormalities was significantly higher at
53.6% compared to 8.0% in non-ASD children [39].

In the context of ASD, hypersensitivity refers to an increased sensitivity to stimuli such
as sound, light, touch, taste, and smell. Research has suggested that this heightened sensi-
tivity is associated with abnormalities in glial cells, which may disrupt the development of
the myelin sheath, leading to delays in response times [40,41]. There is a substantial body
of literature supporting the association between sensory alterations and ASD [21,42-44].
Tactile hypersensitivity and auditory hypersensitivity have been identified as predictors of
an ASD diagnosis [39]. Moreover, connective tissue plays a crucial role in the structure and
function of the outer, middle, and inner ear and the central auditory pathways.

In our study, myopia and ptosis were more prevalent in subjects with ADHD (30.6%;
OR 13.12, 95% CI 1.859-92.56) compared to those with TS (13.9%) and ASD (8.3%) and
compared to controls (2.3%). A systematic review covering data from 2000 to 2022 reported
the overall pooled prevalence of childhood myopia was 5.2% [45].

Previous studies have not identified a significant association between myopia and
ptosis [46]. However, individuals with ASD often exhibit defects in oculomotor activity and
the pupillary sphincter response to the light reflex [47] and frequently display refractive
deficits [48]. The most common ocular issues in ASD include difficulties with eye alignment
(convergence insufficiency) and refractive errors [44]. The connective tissue in the eyes
plays a crucial role in supporting the blood vessels and nerves that comprise the retina [49].
Additionally, the corneal-scleral framework primarily comprises connective tissue [49,50].

The use of orthodontic appliances was more common in individuals with TS (41.7%)
compared to other groups and controls (OR 3.20, 95% CI 0.887-11.51). A study conducted in
Germany revealed that approximately 33.5% of children aged 11-14 years were undergoing
orthodontic treatment [51]. In Denmark, a retrospective study indicated that 27% of
children were undergoing orthodontic appliance therapy [52]. Factors influencing treatment
frequency included age, gender, and socio-economic status.

Orthodontic appliances (oral orthotics, occlusal splints) have been investigated as
potential treatments for reducing tics in individuals with TS. Some studies have explored
the use of customised oral splints and dental orthodontic devices to manage tics [53,54].
In recent years, reports have suggested that dental orthodontic devices, typically used for
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treating temporomandibular joint (TM]) disorders, may also effectively reduce tics when
worn by individuals with TS [54].

Family history is strongly associated with the risk of ASD. The individual risk of ASD
increases with closer genetic relationships [3]. A reanalysis of a previous study on the
familial risk of ASD estimated that 83% of the risk could be attributed to genetic factors,
suggesting that genetics play a pivotal role in the development of ASD [55]. In the familial
analysis of our study, which included patients diagnosed with ASD, ADHD, and TS, flat feet
were observed frequently in fathers (31%), mothers (31%), and patients (48.3%). Sensory
hypersensitivity, which was commonly observed in patients (55%), was more prevalent
in fathers (24%) compared to mothers (10%). Myopia and ptosis, which were present in
16.7% of the patients, were more frequently found in fathers (45%) than in mothers (30%).
To date, the search results have not provided specific data regarding the prevalence of
hypersensitivity and flat feet in the parents of children with NDDs.

The recent literature suggests that ptosis, myopia, and flat feet can manifest as features
of connective tissue disorders. Flat feet have been found to be significantly more prevalent
in individuals with ASD, while myopia and ptosis are more common among children
with ADHD. Additionally, the use of orthodontic appliances has been observed to be
more frequently in individuals with TS, which may be linked to underlying connective
tissue abnormalities. Notably, orthodontic appliance use has been associated with connec-
tive tissue disorders, particularly in conditions like Ehlers—Danlos syndrome [56]. These
findings indicate that ptosis, flat feet, and the use of orthodontic appliances, as potential
manifestations of connective tissue disorders, may have significant genetic and phenotypic
overlaps with specific NDDs.

In the context of ASD, ADHD, and TS, abnormalities in connective tissue may repre-
sent a shared underlying factor. This hypothesis is supported by emerging research that
underscores the interconnectedness of these NDDs through physical manifestations [57,58].

Official symmetry refers to the balanced arrangement of features, which is signifi-
cant in understanding neurodevelopmental disorders (NDDs) such as ASD, ADHD, and
TS [59]. Research highlights the role of brain symmetry in diagnosing and treating these
disorders [59], linking structural abnormalities to symptom severity [60]. Associations
between NDDs and physical traits, like flat feet and hypersensitivity, underscore the need
to explore genetic and developmental pathways to achieve better outcomes [61,62]. This
holistic perspective integrates behavioural and physical characteristics as interconnected
aspects of NDDs.

Several limitations may affect the validity and generalisability of the present study.
The small sample size of each NDD subgroup and the gender imbalance may introduce
bias into the results. Clinic-based recruitment could lead to selection bias, and the control
group may not represent the general population. Additionally, reliance on self-reported
questionnaires without evaluating their reliability and validity may result in recall bias.
The subjective nature of some symptoms also lacks clinical verification. The use of multiple
testing increases the risk of false positives. This study does not account for all potential
confounders, and its cross-sectional design prevents the establishment of causal inferences.
Furthermore, while the familial analysis suggests a genetic component, it is limited by the
absence of genetic testing.

Finally, our study did not directly compare the prevalence of physical findings, such
as flat feet, between individuals with NDDs and the general population. This limits
the generalizability of our findings. Future research should focus on direct comparative
analyses to clarify these associations.
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5. Conclusions

In conclusion, the study identified significant associations between certain NDDs
(ASD, ADHD, and TS) and physical symptoms, such as flat feet and sensory hypersensitiv-
ity. These symptoms were also frequently observed in parents, suggesting the existence
of a strong familial component. This finding implies that overlapping aetiological factors
may manifest in various ways, with connective tissue abnormalities potentially serving
as a common underlying factor. Further research is required to confirm and expand upon
these findings.
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Appendix A

Questionnaire used for the study, in English language and Italian language.
Paediatric Laxity Questionnaire

Subject’s gender:

Male

Female

Subject’s diagnosis:

Autism

ADHD

Tourette’s syndrome

Control

How many brothers does the subject have?

How many sisters does the subject have?

Has the child or their parents had high blood pressure on two or three occasions?

Has the child or their parents had varicose veins, vasculitis, or haemorrhoids?

Has the child or their parents had stretch marks, skin discolouration, or unexplained
reddened skin?

Has the child or their parents had excessive sweating of the palms and/or soles of the feet?
Has the child or their parents had joint inflammation or rheumatism (bursitis, tenosynovi-
tis, etc.)?

Has the child or their parents had dislocations, subluxations, or luxation of one or more
joints on more than one occasion?

Has the child or their parents had joint pain involving 1 to 3 large joints for more than
3 months?
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Has the child or their parents had back pain, transient muscle aches in the limbs (e.g.,
growing pains), or symptoms of chronic fatigue?

Has the child or their parents had hip dysplasia, scoliosis, or a curved spine?

Has the child or their parents had inguinal, umbilical, or abdominal hernias, or herni-
ated discs?

Has the child or their parents had flat feet?

Has the child or their parents had constipation, diarrhoea, or alternating bowel habits?
Has the child or their parents had heartburn, gastro-oesophageal reflux, or a hiatus hernia?
Has the child or their parents had rectal or uterine prolapse, or urinary or faecal incontinence?
Has the child or their parents worn or wear orthodontic appliances?

Has the child or their parents had hypersensitivity to touch (feeling tags on trousers,
discomfort with a belt, feeling of tight trousers), sight (perception of bright lights, glare),
hearing (perception of reverberations, amplified noises), smell (heightened perception of
odours, dysosmia), or taste?

Has the child or their parents had a diagnosis of myopia or drooping eyelids (ptosis), either
unilateral or bilateral? Has the child or their parents had any immune or autoimmune
diseases? (e.g., type 1 diabetes, coeliac disease, thyroiditis, rheumatoid arthritis, Crohn’s
disease, polyneuropathy, multiple sclerosis, etc.)

Has the child or have the parents had, or do they currently have, any immune or autoim-
mune diseases? (e.g., type 1 diabetes, coeliac disease, thyroiditis, rheumatoid arthritis,
Crohn’s disease, polyneuropathies, multiple sclerosis, etc.)

Questionario lassita pediatrica (Italian version)

Genere del soggetto:

Maschio

Femmina

Patologia del soggetto:

Autismo

ADHD

Sindrome di Tourette

Controllo

Quanti fratelli ha il soggetto?

Quante sorelle ha il soggetto?

Il bambino o i genitori hanno presentato o presentano ipertensione arteriosa in due o tre
rilevazioni?

Il bambino o i genitori hanno presentato o presentano vene varicose, vasculiti o emorroidi?
Il bambino o i genitori hanno presentato o presentano striae rubre, smagliature e segni
cutanei, cute arrossata senza apparente causa?

Il bambino o i genitori hanno presentato o presentano un eccesso di sudorazione ai palmi
delle mani e/o alle piante dei piedi?

Il bambino o i genitori hanno presentato o presentano infiammazioni o reumatismi articolari
(borsiti, tenosinoviti, ecc.)?

Il bambino o i genitori hanno presentato o presentano dislocazioni, sublussazioni o lus-
sazioni di una o piu articolazioni in pit di una occasione?

Il bambino o i genitori hanno presentato o presentano dolore articolare coinvolgente da 1 a
3 grosse articolazioni lamentato per pitt di 3 mesi?

Il bambino o i genitori hanno presentato o presentano dolore alla schiena, dolori muscolari
transitori agli arti (ad es. dolori della crescita) o sintomi da affaticamento cronico?

Il bambino o i genitori hanno presentato o presentano displasia dell’anca, scoliosi o
dorso curvo?
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Il bambino o i genitori hanno presentato o presentano ernie inguinali, ombelicali, addomi-
nali oppure ernie discali?

Il bambino o i genitori hanno presentato o presentano piedi piatti?

Il bambino o i genitori hanno presentato o presentano stipsi, diarrea o alvo alterno?

Il bambino o i genitori hanno presentato o presentano pirosi retrosternale, reflusso gastroe-
sofageo o ernia iatale?

Il bambino o i genitori hanno presentato o presentano prolassi rettali/uterini oppure
incontinenza urinaria e/o fecale?

Il bambino o i genitori hanno utilizzato o utilizzano apparecchi ortodontici?

Il bambino o i genitori hanno presentato o presentano ipersensorialita a livello tattile
(percepiscono etichette dei pantaloni, fastidio per cintura, senso di pantaloni stretti), a
livello visivo (percezione di luci intense, abbagliamenti), a livello uditivo (percezione di
rimbombi, rumori accentuati), a livello olfattivo (percezioni accentuate di odori, disosmie)
a livello gustative?

Il bambino o i genitori hanno presentato o presentano un quadro oculistico di miopia
oppure un rilievo di palpebre cadenti o ptosi palpebrale mono o bi laterale?

Il bambino o i genitori hanno presentato o presentano malattie immunitarie e/o autoim-
munitarie? (es. diabete di tipo 1, celiachia, tiroiditi, artrite reumatoide, morbo di Crohn,
polineuropatie, sclerosi multipla, etc.)
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Abstract: Background: Recent studies indicate the need to examine how the gut microbiota-brain axis
is implicated in pain, sensory reactivity and gastro-intestinal symptoms in autism spectrum disorder
(ASD), but no scale exists that assesses all these constructs simultaneously. Methods: We created a
pool of 100 items based on the real-world experience of autistic people, and a multidisciplinary team
and stakeholders reduced this pool to 50 items assessing pain, sensory hypersensitivity, and sensory
hyposensitivity. In the present study, we present this new assessment tool, the Pain and Sensitivity
Reactivity Scale (PSRS), and examine its psychometric properties in a sample of 270 individuals
with autism spectrum disorder (ASD; mean age = 9.44, SD = 4.97), of which almost half (45%) had
intellectual disability (ID). Results: A factorial model of three factors (pain, hyporeactivity, and
hyperreactivity) and five specific factors for sensory hypo- and hyperreactivity, respectively, fitted
the data well. Good to excellent internal consistency and adequate test-retest reliability was found
for most PSRS scales. Sound psychometric properties were found in individuals with and without ID.
Correlations with other measures of sensory sensitivity and pain indicated sound convergent validity.
Conclusions: PSRS shows promise as a reliable measure to analyze pain and sensory reactivity in
autistic people regardless of whether they have ID or not. The measure overcomes several limitations
of previous assessment tools and includes variables that are important for the understanding of the
gut microbiota-brain axis in ASD.

Keywords: autism; pain; sensitivity reactivity; sensory hyporeactivity; sensory hyperreactivity;
sensory-over responsivity; sensory-under reactivity

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that is diagnosed
based on two main criteria: (1) deficits in social communication and interaction skills,
and (2) the presence of restricted and repetitive patterns of behavior [1]. Restricted and
repetitive behaviors (RRBs) can be caused by hyper- or hyporesponsiveness to sensory
stimuli or unusual interest in sensory aspects of the environment in ASD [1,2].

Altered sensory responsiveness refers to impairments in modulating outputs in rela-
tion to sensory stimuli, including in visual, auditive, tactile, smell, taste and proprioceptive
modalities [3]. Individuals with sensory difficulties have difficulties regulating and organizing
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behavioral responses to sensory inputs to match environmental demands. Sensory respon-
siveness can be classified into three patterns: sensory over-responsivity (SOR: e.g., covering
one’s ears in response to sounds), sensory under-responsivity (SUR: e.g., a lack of sensation of
loud sounds, slow reaction to pain), and sensation-seeking/sensory interests, repetitions and
seeking behaviors (SIRS) [4]. Nonverbal children with ASD are more likely to demonstrate
SUR and SIRS compared to peers [5], but few measures of sensory functioning in ASD include
SUR and SIRS [3,6]. Research also suggests that SOR, SUR and SIRS commonly co-occur in
autistic people, creating significant phenotypic heterogeneity, and both SOR and SUR are
included in the diagnostic criteria of ASD [1,3,7,8].

A recent review identified several limitations of current assessment tools of sen-
sory functioning in ASD, with major limitations being (1) that items had not been de-
veloped in collaboration with stakeholders, and (2) lack of structural validity analyses
(e.g., confirmatory factor analysis) [9]. On the other hand, age, the presence of intellectual
disability (ID) and who reports the data (e.g., caregiver versus self-report) are significant
moderators in the assessment of SOR [3].

The review also highlighted the difficulty of conducting external validity analyses
since the validator measures themselves had unclear psychometric properties. Further, no
measure was identified that met the criteria of sufficient psychometric quality according to
the COSMIN guidelines [10]. Further, there was a lack of consensus around the terminology
(e.g., sensory hyper-reactivity, hyperresponsiveness, SOR) and which components are most
relevant to sensory functioning [9]. Last, most current assessment tools do not include spe-
cific sensory factors, such as auditory hypersensitivity and auditory hyposensitivity. Thus,
there is a need for assessment tools of sensory functioning in ASD that are developed in
accordance with leading theories of sensory functioning, in collaboration with stakeholders
(e.g., psychologists, pediatricians, educators, families) and where the structural validity of
the measure is comprehensively examined.

Uljarevi¢ et al. [11] point out that a three-pronged approach should be used when
developing measures of sensory reactivity: (1) consider sensory features as dimensional
constructs (e.g., tactile hyposensitivity vs. tactile hyperreactivity), (2) examine differences
across relevant groups of people (e.g., in people with ASD with and without ID), and
(3) move towards comprehensive, multidimensional, and multimodal approaches to the
measurement of sensory features, for example, by including pain dimensions.

For the latter, pain is of relevance to sensory functioning in ASD. First, autistic people
are at greater risk of experiencing unrecognized pain, especially children with impaired
cognitive ability and limited language skills [12]. Second, the frequency and severity of
repetitive behavior has a high association with pain [13]. Third, there appears to be a
relation between hyposensitivity and pain in ASD, as individuals with ASD show hyposen-
sitivity to subjective pain intensity and affective aspects of pain sensitivity compared to
controls [14]. That is, an apparent indifference to pain may be expressed by some autistic
people, but this phenomenon has rarely been examined [12], and the relation between
sensory reactivity and pain should be analyzed with specific measures [15].

In conclusion, anxiety, SOR, and gastro-intestinal symptoms (abdominal pain and con-
stipation) are possibly interrelated in ASD, and may share underlying mechanisms [16,17].
Further, these variables are all related to the “gut-microbiota-brain axis” [18-21]. The
microbiota—gut-brain axis is a novel field of study where sensory reactions, pain (gastroin-
testinal symptoms), and gut microbiota can be studied in ASD [18,19].

The present study evaluates the Pain and Sensitivity Reactivity Scale (PSRS), which
was developed, in collaboration with stakeholders, to assess sensory hypersensitivity,
sensory hyposensitivity, and pain and in autistic individuals with and without ID.
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2. Materials and Methods
2.1. Participants

Caregivers of 270 individuals with ASD (mean age = 9.44, SD = 4.97) participated
in this research. The participants were from Spain and came from both urban and rural
areas of the following regions: Valencian Community, Murcia region, Madrid, Castilla
la Mancha, Castilla y Ledn, Galicia, and Andalusia. Participants with ASD and ID were
included when ASD was the primary diagnosis. Table 1 shows the sociodemographic and
diagnostic characteristics of the sample.

Table 1. Sociodemographic characteristics of the ASD sample.

Variables n (%)
Age
4-41 years old 270
Gender
Female 92 (34.1%)
Male 177 (65.6%)
Other 1 (0.4%)
Country/region of birth
Spain 254 (94.1%)
Ecuador 4 (1.5%)
Colombia 1(0.4%)
Argentina 2 (0.7%)
Chile 1 (0.4%)
Dominican Republic 1 (0.4%)
Other 4 (1.5%)
Reported diagnosis
ASD w/o 1D 149 (55.2%)
ASD w Mild ID 37 (13.7%)
ASD w Moderate ID 51 (18.9%)
ASD w Severe 1D 32 (11.9%)
Context
Regular class in a regular school 132 (48.9%)
Special class in a regular school 46 (17%)
Special School 52 (19.3%)
Residence 0 (0%)
Residence and Special School 0 (0%)
Day center 0 (0%)
Regular class and Special School 2 (0.7%)
Open classroom 21 (7.8%)
Other 11 (4.1%)

Note. w = with; w/o = without; ASD = Autism Spectrum Disorder; ID = Intellectual Disability.

2.2. Measures
2.2.1. Sociodemographic Questionnaire

Lam and Aman’s [22] sociodemographic questionnaire was adapted for the online
data collection used in the present study. The questionnaire includes a series of sociodemo-
graphic items (e.g., age, sex, country of birth) as well as information on the specific ASD
diagnosis and co-occurring diagnoses (e.g., ID).

2.2.2. Social Communication Questionnaire (SCQ)

The SCQ [23,24] is an instrument oriented towards parents or caregivers, with 40 items
determining the possible presence of ASD. This instrument has been used for the assessment
of ASD in children and adults [25]. It provides a total overall score and three additional
scores (Social Interaction Problems, Communication Difficulties, and restricted, Repetitive,
and Stereotyped Behaviors). Only the overall score was used in the present study. The
present study used Form B of the scale, which assesses behaviors during the past three
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months. The SCQ has good psychometric properties [24], and showed adequate internal
consistency in the present sample (o< = 0.80).

2.2.3. Repetitive Behaviors Scale-Revised (RBS-R)

The RBS-R is a 43-item instrument oriented to caregivers and mental health profes-
sionals which assesses six different dimensions of repetitive behaviors in individuals with
ASD and ID: (a) stereotypic, (b) self-injurious, (c) compulsive, (d) ritualistic, (e) sameness,
and (f) restrictive [26]. Responses are recorded on a 4-point rating scale ranging from
0 to 3. This scale has been used in both children and adults with ASD [26]. RBS-R has
demonstrated adequate psychometric properties for use with individuals with ASD from
different countries [27,28]. The internal consistency of this scale in this sample was high
(a=0.95; w =0.95).

2.2.4. Short Sensory Profile (SSP)

The SSP [29] is a 38-item caregiver-reported instrument comprised of the items that
demonstrated the highest discriminative power of atypical sensory processing based on
the Sensory Profile (SP) [30]. Items are scored on a six-point Likert scale. The seven
domains of the SSP were based on factor analysis of reported responding in daily life
with a normative sample of typically developing children and include tactile sensitivity,
taste/smell sensitivity, movement sensitivity, underresponsive/seeks sensation, auditory
filtering, low energy/weak, and visual/auditory sensitivity. Studies have shown adequate
psychometric properties of the SSP, with internal consistency estimates ranging from
0.70 to 0.90 [31-33]. The SSP has been used in children and adults with ASD [33]. In the
present study, we used the full scale as well as the tactile sensitivity, taste/smell sensitivity,
visual/auditory sensitivity scales, and underresponsive/seeks sensation subscales. The
internal consistency of the full scale in the present sample was excellent (< = 0.92; w = 0.91)
and all subscales showed adequate internal consistency (e</w > 0.70).

2.2.5. Non-Communicating Children’s Pain Checklist—Revised (NCCPC)

McGrath et al. [34] originally developed the NCCPC to measure pain in nonverbal, cog-
nitively impaired children (age range, 3 to 17 years). The NCCPC has been used in children,
adults, and patients with varying degrees of cognitive impairment (mean age = 42) [35].
The scale contains 30 items, each rated on a 4-point Likert. Observers are asked to rate
the frequency of each item [34]. Studies have found adequate internal consistency in
individuals with ASD (Cronbach’s a = 0.72) [36] and ID [37]. The NCCPC-R has shown
high internal consistency (Cronbach’s a = 0.93), significant correlations with pain intensity
ratings provided by carers, consistency over time, and good sensitivity and specificity in
relation to pain [36]. In the present sample, the internal consistency of the NCCPC-R was
excellent (x =0.92; w = 0.92).

2.2.6. Pain and Sensitivity Reactivity Scale (PSRS)

The PSRS is an assessment tool that evaluates reactivity to pain and sensory stimuli
using 50 items. The scale is composed of three broad dimensions: pain, sensory hypore-
activity, and sensory hyperreactivity. All items are rated on a 4-point Likert scale ranging
from 0 (the behavior does not occur) to 3 (the behavior occurs and is a severe problem).
The broader dimensions of hyposensitivity and hypersensitivity include tactile, olfactory,
visual, gustatory, and auditory subscales. In addition, the PSRS includes a pain reactivity
domain that is assessed using seven items. The PSRS draws in part from the theory of
Miller et al. [4] and from neuroscience research showing that pain and sensory reactivity
are closely linked [14]. The development of PSRS is described below and its psychometric
properties evaluated in the present study.

140



Children 2024, 11, 1562

2.3. Procedures

Development of PSRS: The purpose of the development of the PSRS was to create a
measure that allows for measuring sensory reactivity and pain in non-autistic and autistic
people as well as in individuals with ASD and ID. We adhered to the theoretical model of
Miller et al. [4] of SOR and SUR when developing PSRS. Each item is rated on a similar scale
to what has been used successfully in other instruments developed for autistic populations
(e.g., RBS-R). Items ask for how often a sensation is experienced and to what extent the
sensation is a problem. Sensations are indicated as a problem when they are very annoying,
very frequent and negatively affect life activities and generate negative consequences for
the person or for others.

The PSRS was developed by a multidisciplinary team (3 pediatric specialists, a psy-
chiatrist, two doctoral neuropsychologists, a doctoral psychologist, a neurodevelopmental
psychologist, a doctor in chemistry specialized in gut microbiota, a nurse, and two spe-
cial education teachers). In an initial phase, a pool of 100 SOR, SUR, and pain situations
reported by autistic people and their families was generated. Four experts carried out
the evaluation (a neuropsychologist with clinical experience in instrument validation; a
psychiatrist; a nurse; and a pediatrician). Regarding the pain factor, initially, descriptions
of different types of physical pain were included according to the records of the pediatric
and psychiatric services. Initially, 32 items related to different physical and medical sit-
uations that caused pain were obtained which were then reduced to a shorter item list
that included: (1) abdominal pain (e.g., constipation, bloating; 5 items); (2) infectious
conditions-related pain (e.g., fever, otalgia; 4 items); (3) skin-related pain (e.g., ulcers,
wounds, chafing, eczema, bruises; 5 items); (4) functional pain (e.g., occult fractures, defor-
mities, hangnails, hip /shoulder dislocations, subluxations, spasticity; 3 items); (5) sight and
taste-related pain (Eyes: irritation, conjunctivitis, ulcers, wounds; Teeth/Mouth/Throat:
caries, canker sores, gingivostomatitis, tonsillitis, abscesses; 4 items). Subsequently, three
doctors (two pediatricians and one psychiatrist) screened the items and found that many
items were redundant in each of the painful situations, rendering a final set of 7 pain items.

In a second phase, the evaluation of the items was carried out until a total of 50 items
were retained. Thus, the examples that were included in each of the 50 items were reviewed
and refined. This process was carried out by two special education teachers who are experts
in ASD, a pediatrician, a neuropsychologist, and a psychologist.

In a third phase, the clarity of the items was analyzed by three experts. Two were
autism experts with experience in instrument development and one expert with more
than twenty years of experience in medical assessment. All of them were doctors. The
Dunn et al. [38] protocol was applied to all experts to evaluate the items. Judges rated the
relevance of each item on a 5-point scale (1: low item clarity; 5: high item clarity), and
sought consensus among the experts. Mean item clarity scores were calculated, considering
as adequate those items with a score equal to or higher than 3 out of 5 [39]. Items were
considered to have an adequate degree of relevance if the V-index was above this cut-off
point and the 95% confidence interval did not include the value 0.70 [40]. The mean item
clarity scores were above 3.54 in all cases, indicating that the experts considered the items
to be clearly worded. In addition, the clinical opinion of the experts was taken into account
to indicate the items that were most frequent in individuals with ASD.

Finally, the items were reviewed by caregivers of individuals with ASD. These caregivers
had a child with ASD and were aware of situations of sensory reactivity and pain in their
children. Their life experience helped improve some examples and clarifications included in
the PSRS items. Finally, minor adjustments were made to increase clarity of items.

Recruitment: Causal or incidental sampling was used. Families who had children
with ASD in 15 Spanish centers participated. Two centers were specific special education
schools; one was residence for people with ASD and ID; eleven were early intervention
centers; and one was a regular school with open classrooms. The sample belonged to
different sized urban areas, with representation from both rural and urban areas.
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A letter with information about the study was sent to a host of stakeholder organiza-
tions including education centers, special education centers and associations for families
with children with ASD. The center’s director informed the families that they could partici-
pate in the study with an online version survey or a paper-and-pencil version. Researchers
had an online meeting or a phone call with centers to explain the purpose of the research.
Subsequently, the institutions contacted the families to organize a meeting and explain the
purpose of the study. Similarly, some institutions facilitated family contacts so that the
researchers could directly explain the purpose of the study, and social networks were used
to show an explanatory video of the study.

All participating families and caregivers had a child diagnosed with ASD according to
DSM-5 criteria [1]. Individuals with ASD with or without ID were diagnosed according to
DSM-5 criteria using standardized scales (e.g., Wechsler Nonverbal Scale of Ability, Leiter-3
scale, etc.). The subjects were previously diagnosed by the mental health services and
institutions in charge of establishing each country’s degree of disability and dependency.
The diagnosis of ASD was made at the early care centers and the pediatric services of
the mental health centers of each region. Families with children with another type of
neurodevelopmental disorder (e.g., ADHD) were excluded from the study.

The researchers organized a training session for all participating schools in which the
purpose of the research study, the instruments used and the administration instructions
were described. The tests were administered by experienced psychologists who gave
instructions and provided individual assistance to families who needed it. Appropriate
instructions were provided for each scale. Participating families completed the protocol at
home, and in some cases in a room set up at the center. The researchers could help families
resolve doubts about the diagnosis in the first part of the survey, and an explanatory video
highlighted the need for the families to consult the psychological and psychiatric reports
in case of doubt about the diagnosis. However, the diagnostic part of the protocol was
reviewed by the center’s psychologist to detect possible omissions or errors in the severity
level of the ASD.

The total time to complete all instruments included in the study was approximately
25 min. After one month, a random sample of 83 caregivers who had a child with ASD
completed the study instruments again; this was done to examine test-retest reliability.
Participating families did not receive financial compensation for their participation in the
study. The study was conducted between June 2020 and May 2022 and was approved by
the Ethics Committee of the University of Alicante in Spain (reference: UA-2020-03-27).
Caregivers provided informed consent.

2.4. Data Analysis

COSMIN Taxonomy of Measurement Properties has been used in the development
of the PSRS instrument. First, we evaluated the structural validity of the PSRS (explained
above). In short, the PSRS includes a pain scale with 7 indicators/items, a broad sensory
hyporeactivity scale with 5 subscales (4—6 items each), and a broad sensory hyperreactivity
scale, also with 5 subscales (4-5 items each). In the factor model, we defined the 5 first-order
sensory hypo- and hyperreactivity factors to be indicators of the higher, second-order hypo-
and hypersensitivity scales, which were then modeled as indicators of a broad third-order
sensory reactivity scale (see Figure 1).
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Figure 1. Theoretical model and structure of the PSRS. Copyright © 2023 Martinez-Gonzalez A E. [41].

To test how well the proposed factor structure explained covariance among responses
from the participants, we used the R library lavaan and confirmatory factor analysis (CFA).
Because the items of PSRS are ordinal, the diagonally weighted least squares estimator was
used. A global evaluation of four fit indices were used to evaluate overall model/data fit:
Comparative Fit Index (CFI), Root Mean Square Error of Approximation (RMSEA) and
Standardized Mean Square Residual (SRMR). An RMSEA below 0.06, an SRMR below
0.08 and CFI and TLI estimates greater than 0.90 are indicative of acceptable model-data
fit; CFI and TLI estimates above 0.95 are indicative of good model-data fit [42]. Scaled fit
indices were estimated because of the ordinal nature of the items. Modification indices
were evaluated to highlight sources of misfit. The internal consistency of the items of
the latent factors were examined by estimating the Cronbach’s alpha («) and McDonald’s
omega (w) coefficients, and we considered coefficients above 0.70 to indicate adequate
internal consistency. The average variance extracted (AVE) was also computed, which
estimates the degree of item variance that can be explained by a latent factor. CFA was
selected above exploratory factor analysis as the scale had a clear theoretical structure and
all items were developed to be used as indicators of pre-defined latent factors.

Construct validity was examined by correlating the empirically derived scores of the
measure with the total score of the SSP (convergent validity in relation to the PSRS sensory
reactivity scale), the subscale scores of the SSP (convergent and divergent validity in rela-
tion to the sensory subscales of PSRS), NCCPC (convergent validity in relation to the PSRS
pain scale), RBSR (divergent validity), and SCQ (divergent validity). We expected the corre-
sponding scales (e.g., scales assessing sensory processing) to be more strongly correlated
than non-corresponding scale (e.g., scales assessing sensory processing and RRBs). To statis-
tically compare correlations, we used the method presented in Hittner et al. [42], which is
implemented in the R library cocor. Test-retest reliability was examined by computing the
intraclass correlation coefficient (ICC [2,k]) [43] for the repeated assessments, with values
between 0.50 and 0.75 representing moderate reliability, values between 0.75 and 0.90 good
reliability, and values greater than 0.90 excellent reliability [10].

3. Results
3.1. Structural Validity of PSRS

The proposed model explained sample patterns in the data adequately (RMSEA = 0.05,
CFI=0.91, TLI = 0.91, SRMR = 0.10). All item and factor loadings are presented in Table 2.
All indicators loaded significantly (p < 0.001) onto their proposed first-order latent factor (all
standardized loadings > 0.50), and each of the specific hypo- and hypersensitivity factors
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loaded significantly onto the second-order factors (all standardized loadings > 0.50), which
loaded significantly onto the third-order Broad Sensory Reactivity factor. The pain and the
broad sensory reactivity factor had a statistically significant positive association/correlation
(r=0.42,p <0.001).

Modification indices suggested that correlated residuals for items 12 and 13 (“Likes
touching things and people” and “Hugs people hard”), for the hypo- and hypersensitivity
olfactory factors, and for items 9 and 31 (“Scratches wounds until they bleed” and “Feels
discomfort by imperfections in the skin”) would improve model/data fit. When adding
these parameters, model/data fit was improved (RMSEA = 0.04, CFI = 0.93, TLI = 0.92,
SRMR = 0.09) and all additions were statistically significant and showed meaningful
parameter estimations (i.e., standardized parameters > 0.30).

Table 2. Standardized loading of model indicators. All items load statistically significantly (p < 0.001)
onto the proposed factor.

First-Order

Pain

Hypo
Tactile

Hypo Hypo
Olfactory  Visual

Hypo
Taste

Hypo
Audio

Hyper
Tactile

Hyper Hyper
Olfactory Visual

Hyper
Taste

Hyper
Audio

Item 1 [He/she hurts or
feels discomfort when
he/she has

stomach problems]

0.65

Item 2 [He/she hurts or
feels discomfort when
he/she has
inflammation problems]

0.79

Item 3 [He/she hurts or
feels discomfort when
he/she has eye irritation,
conjunctivitis, etc.]

0.74

Item 4 [He/she hurts or
feels discomfort when
he/she has a fever]

0.63

Item 5 [He hurts or feels
discomfort when he/she
has had a fracture or have
gone to rehabilitation]

0.52

Item 6 [He/she hurts or
feels discomfort when they
prick you for an analysis]

0.70

Item 7 [He/she hurts or
feels discomfort when
he/she has fallen or
been hit.]

0.54

Item 8 [He/She prefers
very hot or cold water]

0.60

Item 9 [He/She scratches
his wounds until they
bleed again.]

0.57

Item 10 [He/She likes to
dress in tight clothes, socks,
and shoes.]

0.50

Item 11 [Squeezes the pen
or pencil down a lot
when writing. ]

0.68

Item 12 [He/She likes to
touch things and people.]

0.64

Item 13 [Hugs
people tight.]

0.59
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Table 2. Cont.

Hypo Hypo Hypo Hypo Hypo Hyper Hyper Hyper Hyper Hyper

First-Order Pain Tactile  Olfactory Visual  Taste Audio  Tactile Olfactory Visual  Taste Audio
Item 14 [He/She is
fascinated by 0.94

certain smells.]

Item 15 [He/She smells

myself, people and objects.] 0-89

Item 16 [He/She prefers or
likes intense or 0.77
strong odors.]

Item 17 [He/She has a hard
time perceiving unpleasant 0.60
odors or bad odors.]

Item 18 [He/She is
fascinated by moving or 0.77
spinning objects.]

Item 19 [He/She prefers or

likes intense or 0.80
bright colors.]

Item 20 [He/She is

attracted to light 0.61

and reflections.]

Item 21 [He/She has a hard
time perceiving the strong 0.59
light before his eyes]

Item 22 [He/She is
fascinated or really likes the
taste of certain objects or
parts of the body]

0.77

Item 23 [He/She likes food

with strong flavors.] 0.52

Item 24 [He/She likes to
suck or lick objects, 0.66
food, etc.]

Item 25 [He/She doesn’t
feel full/satiated after 0.66
eating a lot.]

Item 26 [He/She is

attracted to certain sounds.] 0.64

Item 27 [He/She listens to
TV or music at a very 0.60
high volume.]

Item 28 [He/She likes to
make noises or 0.76
loud sounds.]

Item 29 [He/She has a hard
time listening to what 0.66
others are saying, etc.]

Item 30 [He/She feels
discomfort or discomfort 0.64
when touched.]

Item 31 [He/She feels
discomfort or discomfort

when he/she notices skin 0.69
imperfections]

Item 32 [He/She feels

discomfort or discomfort 0.87

when touching
certain textures.]
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Table 2. Cont.

Hypo Hypo Hypo Hypo Hypo Hyper Hyper Hyper Hyper Hyper

First-Order Pain Tactile  Olfactory Visual  Taste Audio  Tactile Olfactory Visual  Taste Audio

Item 33 [He/She feels
discomfort or discomfort
when certain elements or
objects come into contact
that can touch my head
or nails]

0.70

Item 34 [He/She feels upset
or uncomfortable when
his/her favorite or usual
clothes are not ready.]

0.72

Item 35 [He/She gets upset

or uncomfortable when

he/she smells certain odors 0.91
that other people

don’t mind.]

Item 36 [He/She feels
discomfort or discomfort
when he/she smells
certain places]

0.95

Item 37 [He/She feels
discomfort or discomfort
when he/she smells
certain foods.]

0.93

Item 38 [He/She feels
annoyed or uncomfortable
when he/she smells
certain people.]

0.89

Item 39 [He/She feels upset
or uncomfortable when
he/she sees certain colors
of food on a plate]

0.87

Item 40 [He/She feels upset

or uncomfortable when

he/she sees the physical 0.72
appearance of

some people.]

Item 41 [He/she feels upset
or uncomfortable when
he/she sees a change in
something or someone]

0.78

Item 42 [He/she feels

annoyed or uncomfortable

when seeing high-intensity 0.69
light stimuli or

bright light.]

Item 43 [He/she feels sick

or uncomfortable about the

taste of certain foods, so 0.89
he/she only accepts

some flavors.]

Item 44 [He/she is
bothered or uncomfortable
by foods with

specific textures]

0.79

Item 45 [He/she feels
discomfort or discomfort 0.86
from foods that are new]

Item 46 [He/she feels

discomfort or discomfort

when changes, even small 0.88
or subtle, occur in his/her

favorite foods]
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Table 2. Cont.

] . Hypo
First-Order Pain Tactile

Hypo Hypo
Olfactory  Visual

Hyper Hyper Hyper Hyper
Olfactory Visual  Taste Audio

Item 47 [He/she feels
annoyed or uncomfortable
when he/her hears certain
continuous noises]

0.89

Item 48 [He/she feels
annoyed or uncomfortable
when he/she hears certain
sudden, unexpected and

0.89

intense noises.]

Item 49 [He/she

feels

annoyed or uncomfortable
when he/she hears

loud noises]

0.87

Item 50 [ He/she feels
annoyed or uncomfortable
when he/she listens to

music that is not

what

he/she usually listens to.]

0.78

Second-Order hypsoerr;?tri};ity hypiil{lzs;:?ilvity
Hypo Tactile 0.68

Hypo Olfactory 0.59

Hypo Visual 0.83

Hypo Taste 0.69

Hypo Audio 0.84

Hyper Tactile 0.93
Hyper Olfactory 0.65
Hyper Visual 0.83
Hyper Taste 0.73
Hyper Audio 0.78
Third-Order Brﬁz(;ciie‘jﬁ}?ry

Sensory hyporeactivity 0.83

Sensory hyperreactivity 0.85

3.2. Internal Consistency

Internal consistency coefficients for all first- and second-order factors (estimated
without the first-order level) are presented in Table 3. All factors showed adequate to good
internal consistency except for the hyposensitivity tactile and the hyposensitivity gustatory
factors. The internal consistency of the broader factors was good to excellent, but the AVE
for the hyposensitivity factor was low.

3.3. Convergent and Divergent Validity

The correlations between the two broad PSRS scales (pain and sensory reactivity) and
convergent and divergent validator measures are presented at the top panel of Table 4. The
correlations between the sensory subscales of the PSRS and the subscales of the SSP are at
the bottom panel of Table 4. The PSRS pain scale was significantly and moderately corre-
lated with NCCPC, but this correlation was not significantly stronger than the correlation
between the PSRS pain scale and SSP and RBSR. The PSRS pain scale was not significantly
correlated with SCQ, and the PSRS pain scale was significantly more strongly correlated
with NCCPC than with SCQ.
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Table 3. Internal consistency of model factors.

o w AVE
Pain 0.83 0.79 44%
Broad Sensory 0.90 0.89 30%
hyporeactivity
Hypo Tactile 0.68 0.55 26%
Hypo Olfactory 0.84 0.82 65%
Hypo Visual 0.76 0.73 49%
Hypo Taste 0.69 0.67 43%
Hypo Auditory 0.74 0.70 44%
Broad Sensory o
hyperreactivity 0.93 0.93 56%
Hyper Tactile 0.85 0.80 53%
Hyper Olfactory 0.95 0.92 84%
Hyper Visual 0.84 0.78 59%
Hyper Taste 0.91 0.88 73%
Hyper Auditory 0.89 0.88 74%

Notes. AVE = Average variance explained.

Table 4. Correlations between the broad PSRS scales and validator measures.

sSSP NCCPC RBS-R SCQ
PSRS Pain 0.33 ** 0.29 ** 0.37 ** —0.12
PSRS Broad Sensory 0.71 ** 0.48 ** 0.73 ** —0.16 *
Reactivity

SSP Tactile SSP Taste/Smell SSP Under Responsivity SSP Visual/Auditory
PSRS Hypo Tactile 0.52 ** 0.43 ** 0.58 ** 0.45 **
PSRS Hypo Olfactory 0.34 ** 0.25 ** 0.29 ** 0.30 **
PSRS Hypo Visual 0.48 ** 0.40 ** 0.49 ** 0.44 **
PSRS Hypo Taste 0.39 ** 0.34 ** 0.48 ** 0.37 **
PSRS Hypo Auditory 0.48 ** 0.37 ** 0.53 ** 0.44 **
PSRS Hyper Tactile 0.59 ** 0.56 ** 0.42 ** 0.48 **
PSRS Hyper Olfactory 0.38 ** 0.41 ** 0.23 ** 0.31 **
PSRS Hyper Visual 0.51 ** 0.53 ** 0.34 ** 0.47 **
PSRS Hyper Taste 0.43 ** 0.77 ** 0.29 ** 0.36 **
PSRS Hyper Auditory 0.48 ** 0.41 ** 0.33 ** 0.60 **
Note. * p < 0.05. ** p < 0.01. SSP = Short Sensory Profile. NCCPC = Non-Communicating Children’s Pain

Checklist—Revised. RBS-R = Repetitive Behavior Scale—Revised. SCQ = Social Communication Questionnaire.
PSRS = Pain and Sensitivity Reactivity Scale.

The PSRS sensory reactivity scale was strongly and significantly correlated with SSP
and this correlation was significantly stronger than between the PSRS and all other validator
scales except RBS-R. Moreover, moderate to high correlations were found between the
sensory hyperreactivity subscales of the PSRS and the hypersensitivity scales of the SSP
(between 0.31 and 0.77) and strong correlations between corresponding scales for tactile
(r = 0.59), taste (r = 0.77) and auditory (r = 0.60) domains, while moderate correlations
emerged for the olfactory (r = 0.41) and visual (r = 0.47) domains. Similarly, moderate to
strong correlations were observed in the sensory hyporesponsiveness subscales of the PSRS
and the under-responsive/seeks sensation subscale of the SSP (rs between 0.29 and 0.58).
The strongest correlations emerged for the tactile (r = 0.58) and auditory (r = 0.53) domains.

3.4. PSRS in Participants with and Without Intellectual Disability

We were underpowered to examine measurement invariance (i.e., whether the pro-
posed factor structure was similar) in participants with and without ID. Instead, we ex-
amined the internal consistency for the factors in each sample separately. The pain scale
showed slightly better coefficients in participants with (« = 0.84, w = 0.83) versus without
(¢ =0.72, w = 0.69) ID. For sensory hyporeactivity, the two groups showed very similar
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coefficients: with ID (« = 0.85, w = 0.83); without ID (« = 0.85, w = 0.85). Similar results
emerged for sensory hyperreactivity: with ID («x = 0.90, w = 0.89); without ID (oc = 0.93,
w =0.93). We also examined whether the two groups differed in their scores using linear
regression models accounting for age and sex differences. No significant differences in
PSRS factor/scale scores were present.

3.5. Test—Retest Reliability

The test-retest coefficients (ICCs) for the pain, sensory hyporeactivity, sensory hyper-
reactivity, and full sensory reactivity PSRS scales are in Table 5. ICCs were estimated for
the full sample and for participants with and without ID, respectively. ICCs for most scales
were good to excellent. Of note, the ICCs for the broad sensory reactivity scale as well as
the hypo- and hypersensitivity scale were lower for participants with ID.

Table 5. Intraclass correlation coefficients and their 95% confidence intervals for the PSRS scales in
the full test-retest sample and in participants with and without intellectual disability, respectively.

ASD Full Sample ASD with ID ASD Without ID
n=_83 n=23 n==60
Pain 0.78 (0.73, 0.82) 0.80 (0.72, 0.85) 0.75 (0.68, 0.81)
Broad Sensory Reactivity 0.90 (0.88, 0.92) 0.61 (0.47,0.71) 0.96 (0.95, 0.97)
Sensory hyporeactivity 0.90 (0.87,0.91) 0.77 (0.69, 0.83) 0.93 (0.91, 0.95)
Sensory hyperreactivity 0.87 (0.84, 0.89) 0.56 (0.40, 0.67) 0.94 (0.92, 0.95)

Note. ASD = Autism Spectrum Disorder; ID = Intellectual Disability.

4. Discussion

Sensory reactivity and pain are linked in ASD, and SOR predicts abdominal pain in
autistic people [17]. Similarly, children with ASD who have gastro-intestinal symptoms
exhibit more irritable and agitated behaviors [44] and significantly higher rates of both
anxiety and sensory hyperreactivity [16]. For these reasons, pain and sensory reactivity
are important to include in assessment tools of the gut-microbiota—brain relationship
in ASD [45].

In the present study, we present a new transdisciplinary and multidimensional instru-
ment that addresses an important gap in the current instrument pool, the PSRS. First, the
PSRS includes both sensory sensitivity and pain scales. Second, each scale is derived from
leading theories of sensory functioning and developed in collaboration with stakeholders.
Opverall, our findings support the proposed factor structure of PSRS, with two broad factors
(pain and sensory sensitivity), with the sensory factors including a more complex hierarchi-
cal structure with separate scales for hypo- and hypersensitivity, which in turn includes
subfactors measuring difficulties within each sensory modality (Tactile, Olfactory, Visual,
Taste and Audio). Although fit indices were not excellent, small adjustments, accounting
for correlations between items with similar content, substantially improved fit, suggesting
that the major sources of misfit are not on the structural level. The multilevel structure
of PSRS makes it useful in research since it is possible to analyze data on the level that is
most beneficial in relation to the research question. The multilevel structure also makes
PSRS useful in general practice as it provides specific information about multidimensional
sensory and pain difficulties, which is known to be unidentified in many autistic people.

Findings also supported sound internal consistency of most PSRS scales and the in-
ternal consistency of the broader factors (sensory hyporeactivity, sensory hyperreactivity
and pain) was good to excellent. Lower internal consistency was found for the tactile
hyporeactivity factor. These findings are consistent with previous studies that have found
lower internal consistency for tactile sensory reactivity scales [46] as well as weak corre-
lations between measure of ASD and tactile sensitivity [47]. However, there is a paucity
of studies that analyze the psychometric properties of scales measuring specific sensory
dimensions in ASD [32,48]. An explanation of the lower internal consistency of the sensory
hyporeactivity scales may be that such difficulties are more difficult for the caregiver to
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observe and report. In fact, sensory hyporeactivity is less common at younger ages and
may be associated with stimulus-seeking behaviors [49,50].

The sensory hypo- and hyperreactivity factors were moderately to strongly correlated,
which is in line with our theoeretical framework (see Figure 1) and suggests that alterations
in broader underlying mechanisms are involved in the regulation and modulation of
sensory processing. The notion of shared underlying mechanisms was further supported
by a moderate correlation between the broad sensory sensitivity factor and pain [17].

Convergent validity was supported since the broad PSRS sensory reactivity scale
correlated strongly with SSP. However, the moderate correlations in the olfactory and
visual dimensions may be due to the fact that the taste-smell and visual-auditory domains
are collapsed in the SSP. The broad PSRS sensory reactivity scale also correlated strongly
with the RBS-R scale, which assesses RRBs. Although we expected a stronger correlation
with SSP than with RBS-R, these results are in line with results showing a clear association
between sensory reactivity and RRBs [2]. In fact, sensory reactivity often precedes the onset
of repetitive behaviors [1].

We found only a moderate correlation between the pain subscale of the PSRS and the
NCCPC, which suggests that the PSRS pain scale assesses aspects that are quite dissimilar
to what is measured via NCCPC. Indeed, while the NCCPC only measures the frequency
of pain through facial, vocal, and body expressions [34], the PSRS addresses pain through a
multidomain measurement framework where frequency, discomfort, and interference are
included. Further, the PSRS pain scale is designed for specific pain situations that occur in
ASD, and items were developed in collaboration with experienced pediatricians.

A strength of the present study is the inclusion of many individuals with ID and we
wanted to examine whether the PSRS was suitable regardless of whether an individual
had ID. While we were underpowered to conduct formal invariance tests (e.g., multigroup
confirmatory factor analysis), we estimated internal consistency of the broad factors sep-
arately in those with and without ID, with internal consistency generally being high in
both samples. This is promising and suggests that the items of the broad factors hang
together well regardless of ID status. Future studies should include larger samples and
conduct formal invariance test. However, it is a challenge to include participants with ID
in research since individuals with ID themselves may be unable to report on measures
and since families are often burdened. The PSRS includes both self- and observer-reported
version, which may help overcome some of these obstacles.

Last, the test-retest reliability, measured approximately one month apart, supported
sound psychometric properties of the PSRS. Again, similar results were found in those with
and without ID. Test-retest reliability was slightly lower for the sensory hyperreactivity
factor in individuals with ID. This may suggest that sensory experiences may vary more
over time in this group or that it is harder for observers to adequately report hyperreactivity
phenomena in individuals meeting criteria for ID.

The PSRS has a clinical scope in the field of nursing, medicine and psychology be-
cause it has an integrative perspective on sensory responses by including sensitivity to
pain. Therefore, the pain sensitivity dimension is the greatest contribution of the PSRS.
On the other hand, the possibility to obtain different sub-dimensions of SUR with the
PSRS (olfactory, gustatory hypo-reactivity, etc.) is another contribution that will help to
understand possible subtypes or profiles of sensory reactivity in ASD, and specifically for
SUR in the ASD.

The recent literature points to the major limitations of instrument validation studies
on sensory reactivity, indicating a lack of research on structural and convergent validity [9].
The present study overcomes some of the limitations of previous studies, including both
structural, convergent and discriminate validity. Nevertheless, some limitations merit
mention. First, as mentioned above, we were underpowered to conduct formal invariance
tests (e.g., invariance by sex, age and ID status). Second, no inter-rater validation of the
scale was conducted as all informants were the main caregiver. Third, including a measure
of gastro-intestinal symptoms would have further helped validate the PSRS. Fourthly,
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although attempts have been made to justify that there is a relationship between sensation-
seeking and SUR, and that other scales do not include the sensation-seeking variable, it
may be that this is an added limitation to the PSRS.

5. Conclusions

In conclusion, the PSRS shows promise as a robust measure that can be used to assess
sensory reactivity across several domains and pain in individuals with ASD regardless of
whether they have ID or not. Future research should expand samples to examine whether
the measure works similarly across sexes and age groups. Further, the psychometric
properties of the instrument should be analyzed in non-autistic samples. Although the
PSRS has fewer items than other similar instruments, a shorter version could be explored,
not the least since several items were strongly correlated.
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Abstract: Background/Objectives: This study addresses the significance of mental health concerns
by examining the intergenerational transmission of mental health between parents and adolescents.
It investigates the serial mediating effects of family resilience, adolescents” adverse childhood ex-
periences (ACEs), and their ability to flourish in the transmission of mental health from parents to
adolescents, with a focus on sex differences. Methods: This study used a sample of 54,434 adolescents
aged 12-17 from the 2016-2020 National Survey of Children’s Health (NSCH). Mothers reported
on their mental health status and family resilience, and adolescents” ACEs, flourishing, and mental
health problems including depression and anxiety. Serial mediation models were used to assess the
hypotheses. Results: The findings revealed that better parental mental health status was associated
with fewer mental health problems in adolescents, with significant sex differences observed in these
associations. Specifically, in both maternal and paternal models, better parental mental health was
linked to higher family resilience, which was associated with fewer ACEs, greater flourishing, and
ultimately fewer adolescent mental health problems. Furthermore, maternal mental health had a
stronger association with daughters” mental health, while paternal mental health more strongly
influenced sons’. Conclusions: These results highlight the importance of targeted prevention and

clinical interventions to disrupt the intergenerational transmission of mental health issues.

Keywords: adverse childhood experiences (ACEs); family resilience; ability to flourish; mental health

1. Introduction

The intergenerational transmission of mental health has garnered increasing attention
from researchers over the past decade [1]. According to the National Alliance on Mental
IIness [2], 20% of adults and 17% of adolescents aged 12-17 in the United States have a
mental illness, and globally, 15-23% of children live with a parent who has a mental health
diagnosis. The link between the mental health of parents and their children is well estab-
lished, with poor parental mental health being associated with an increased risk of mental
health issues in children’s mental health, including anxiety and depression [3-5]. Given
these factors, the intergenerational transmission of mental health concerns is particularly
important during adolescence, a developmental period marked by significant emotional
and cognitive changes.

Adverse childhood experiences (ACEs) encompass a wide range of traumatic and
stressful events that can negatively impact children’s lives. While much of the research on
ACEs has focused on children and adults, there is a growing need to explore adolescence, a
developmental stage marked by rapid physical, cognitive, social, and emotional changes [6].
Adolescents exposed to ACEs face heightened mental health challenges, as traumatic
experiences can disrupt emotional and cognitive development and are often compounded
by a lack of positive family support [7]. Although studies have consistently shown a strong
link between ACEs and mental health issues [8], there is limited understanding of the
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effect of ACEs on the intergenerational transmission of mental health between parents and
adolescents. Thus, this study examined the mediating role of adolescents” ACEs in the
intergenerational transmission of mental health.

In contrast to research demonstrating the negative effects of ACEs, some studies have
identified the protective roles of family and adolescent resilience in mitigating mental
health issues [9,10]. Given the potential of resilience as a prevention or intervention tool,
it is important to explore its role in the intergenerational transmission of mental health.
Thus, this study investigated how family resilience and adolescents” ability to flourish
mediate the associations between parental mental health, adolescents” ACEs, and their
mental health outcomes.

1.1. Intergenerational Transmission of Mental Health

Although mental health symptoms are generally characterized by their impact on
an individual’s functioning [11], substantial research highlights the relational nature of
mental health issues. Family systems theory [12] offers a useful framework for under-
standing the intergenerational transmission of mental health, emphasizing that symptoms
are often shaped by dynamic interactions within family systems. Research demonstrated
that children of parents with poor mental health are more likely to experience mental
health problems themselves [3]. A systemic lens emphasizes the interrelatedness of parents’
and adolescents’ mental health, suggesting that “symptoms represent recursive feedback
cycles of escalated behavior and experience that are organized into an interactional sys-
tem” (p. 124) [13]. For example, Reid [14] found that children living with a parent with
poor mental health are more likely to have mood or anxiety disorders compared to those
living with a parent without mental health symptoms. Similarly, Lui et al. [15] found
that parental mental health directly impacted their children’s emotional outcomes. The
systemic concept of nonsummativity suggests that “the behavior of an element is different
within the system from what it is in isolation” (p. 58) [16]. Building on this, Zhou et al. [17]
differentiate between general mental health challenges, which broadly impact a range of
psychological and social outcomes, and specific issues, such as internalizing problems (e.g.,
depression, anxiety) and externalizing problems (e.g., behavioral issues), which are more
closely linked to similar outcomes in children, including depression, anxiety, and conduct
disorders. Therefore, a comprehensive understanding of the transmission of mental health
should also consider additional factors, such as risk and protective factors, within the
parent-adolescent subsystem.

1.2. Linking Mechanisms for Transmission of Mental Health Between Parents and Adolescents

While parental mental health plays a significant role in their children’s mental health,
external risk factors, such as adverse childhood experiences (ACEs), can exacerbate men-
tal health challenges for adolescents. On the other hand, protective factors, like family
resilience and adolescents’ ability to flourish may help buffer the negative impacts of these
experiences. Exploring the interaction between these factors offers a deeper understanding
of how mental health is transmitted across generations.

Adolescents” ACEs: ACEs are defined as traumatic experiences during childhood that
can impact individuals” health and functioning throughout their lifetime [18,19]. These
experiences include parental divorce/separation, the death of a parent or guardian, do-
mestic violence, substance abuse, mental illness, financial hardship, exposure to violence,
discrimination, and the incarceration of a family member before the age of 18 [20].

Parental mental illness, a specific type of ACE, can directly impact adolescents” mental
health. Further, ACEs can act as a pathway linking parental mental health to adolescents’
mental health outcomes. For example, when parents suffer from mental illness, it can lead
to an increase in ACEs for their children. In turn, adolescents exposed to ACEs are more
likely to exhibit poor mental health outcomes [21,22]. That is, ACEs can lead to a decline in
adolescents’ mental health, putting them at a higher risk for psychological disorders such
as anxiety and depression. Thus, this study examined the mediating effect of adolescents’
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ACEs on the relationship between parental mental health status and adolescents” mental
health problems.

Family Resilience: Given the negative health outcomes associated with ACEs, it is
important to identify protective factors for adolescents who have experienced adversities.
In resilience research, the terms “promotive” and “protective” factors have been used
to describe variables that contribute to adaptive outcomes under conditions of adversity.
Promotive factors are associated with positive outcomes regardless of the level of risk, while
protective factors specifically mitigate the adverse effects of high-risk environments [23].
In this study, we adopt the term “protective factors” to emphasize their buffering role in
reducing the negative impact of adversity, while acknowledging that these factors may
also possess promotive qualities in broader contexts. A growing body of research suggests
that high levels of family resilience can serve as a protective factor in the face of adverse
experiences [9,24]. Family resilience refers to the ability of the family to adapt to change
and overcome significant stressors [25]. Factors associated with family resilience include
frequent family communication, effective problem-solving, family strength, and positivity.
Recent efforts in clinical practices advocate that family resilience has the potential to
mitigate the adverse effects of ACEs on adolescents’ mental health. For example, Uddin
et al. [9] found that family resilience could reduce the impact of ACEs on children’s
mental health. However, it remains unclear how family resilience mediates the association
among parental mental health status, adolescents” ACEs, and their mental health problems.
Therefore, this study examined the mediating role of family resilience in such associations.

Adolescents” Ability to Flourish: Adolescents’ ability to flourish is recognized as a
foundational component of positive well-being and as a protective factor against mental
health problems [26,27]. In 2011/12, the National Survey of Children’s Health (NSCH) intro-
duced indicators of flourishing to provide positive measures of health, as recommended by
a Technical Expert Panel (TEP). This concept of flourishing in adolescents includes curiosity
in learning, resilience, and self-regulation. Bethell et al. [10] found that adolescents exposed
to ACEs who displayed demonstrated resilience were significantly less likely to experience
emotional, mental, and behavioral problems compared to those with lower resilience. This
suggests that the ability to flourish could act as a possible mediator between adolescents’
ACEs and mental health outcomes. Therefore, this study examined the mediating effect of
adolescents’ ability to flourish in the relationship between parental mental health status,
adolescents” ACEs, and their mental health problems.

1.3. Sex-Specific Pathways

Previous research indicated that parental mental health may affect sons and daughters
differently during adolescence. Connell and Goodman’s meta-analysis [28] found that
while maternal mental health generally had a stronger association with children’s outcomes
than paternal mental health, the differences were relatively small, suggesting the impor-
tance of both parents” mental health. Specifically, Goodman et al. [29] found that maternal
mental health problems have a stronger impact on daughters compared to sons, potentially
due to sex-specific modeling and identification processes [30]. These sex-specific pathways
highlight the importance of considering child sex within broader family dynamics, such as
family resilience, adolescents” ACEs, and their ability to flourish, to fully understand how
parental mental health influences adolescent outcomes. Thus, this study examined the sex
differences within our research model.

1.4. The Present Study

Given the importance of intergenerational transmission of mental health, this study
aims to address existing gaps in the literature by examining how family resilience, adoles-
cents” ACEs, and their ability to flourish mediate the relationship between parental and
adolescent mental health. Based on previous theoretical and empirical research, we pro-
posed three hypotheses: First, based on family systems theory [12], parental mental health
status would be negatively associated with adolescents’ mental health problems (H1). Sec-
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ond, the relationship between parental mental health status and adolescent mental health
problems would be serially mediated by family resilience, adolescents” ACEs, and their
ability to flourish (H2), as shown in Figure 1. Lastly, based on sex-specific modeling [30],
the strength of these relationships would vary by parent and adolescent sex. Specifically,
we hypothesized that maternal mental health would have a stronger association with
daughters’ mental health problems than sons’, while paternal mental health would have a
stronger association with sons” mental health problems than daughters” (H3).

Adolescents’

ACEs
Family Adolescents'
Resilience Ability to
Flourish
Parental Adolescents’
Mental Mental Health
Health Status Problems

Figure 1. The proposed serial mediation model.

2. Methods
2.1. Samples and Procedures

Data for this study were derived from the 2016-2020 National Survey of Children’s
Health (NSCH), a nationally representative, cross-sectional survey conducted annually by
the U.S. Census Bureau, sponsored by the U.S. Maternal and Child Health Bureau, and
maintained by the Child and Adolescent Health Measurement Initiative (CAHMI) [31].
The NSCH assesses various aspects of child and family health-related experiences across
the United States. Following the NSCH Guide to Multi-Year Analysis [32], we merged
data from five consecutive years (2016-2020) to increase the sample size and enhance the
representativeness of the findings. Sampling weights from the NSCH public-use dataset
were applied to account for non-response and selection probabilities, ensuring results could
be generalized to the U.S. parent and adolescent population. The final sample size was
54,434 parents with adolescents aged 12-17.

2.2. Measures
2.2.1. Parental Mental Health Status

Paternal and maternal mental health were each assessed with a single item, where
each parent reported their mental health status. Responses were rated on a three-point
Likert scale, recoded as 1 = fair/poor, 2 = good, and 3 = excellent/very, so that higher
scores indicated better overall paternal or maternal mental health.

2.2.2. Adolescents’ Mental Health Problems

Parents reported on their adolescent children’s (ages 12-17) depression and anxiety
symptoms. These two items were combined to create an overall indicator of adolescents’
mental health problems. Responses were coded as 0 = does not have a condition and
1 = does have a condition. The items of anxiety and depression were summed, with higher
scores indicating greater levels of mental health problems in adolescents.

2.2.3. Adolescents’ ACEs

Parents reported their adolescent children’s ACEs through nine items assessing ex-
posures to (1) financial hardship, (2) parent/guardian separation or divorce, (3) death
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of parent/guardian, (4) parent/guardian incarceration, (5) domestic violence, (6) vic-
tim/witness of neighborhood violence, (7) mental health issues, (8) alcohol/drug abuse,
and (9) race/ethnicity discrimination. All items were recoded as 0 =no and 1 = yes, and
the items were summed to create the ACE scores, with higher scores indicating a greater
number of ACEs. Previous studies have demonstrated good internal consistency reliability
(e.g., & = 0.86) [33] and validity of ACEs scales, showing a significant association with
adolescent depression (3 = 0.29, p < 0.001) and anxiety (f = 0.26, p < 0.001) in a variety of
samples [34]. McDonald’s omega for this measure was 0.66.

2.2.4. Family Resilience

Family resilience was measured using four items that captured qualities of how
families respond to difficulties. Participants rated how often their family engages in the
following behaviors: (1) talk together about what to do; (2) work together to solve our
problems; (3) know we have strengths to draw on; and (4) stay hopeful even in difficult
times. Each item was scored on a three-point Likert scale, recoded as 1 = some/none of the
time, 2 = most of the time, and 3 = all of the time. Items were summed to create a total family
resilience score, with higher scores indicating greater family resilience. Previous studies
have demonstrated strong internal reliability (e.g., « = 0.92) [35] and construct validity,
showing a significant association with adolescent depression (3 = —0.71, p < 0.001) [36]. In
the current sample, McDonald’s omega was 0.89.

2.2.5. Adolescents” Ability to Flourish

Three questions were used to assess adolescents’ curiosity about learning, resilience,
and self-regulation for adolescents aged 12-17. These questions asked parents if their
adolescent children (1) show interest and curiosity in learning new things, (2) work to
finish tasks he or she start, and (3) stay calm and in control when faced with a challenge.
Each item was recoded as 0 = no and 1 = yes, then summed to create an adolescent’s
flourishing scores. A higher score reflected a higher level of an adolescent’s ability to
flourish. Earlier studies have demonstrated good internal reliability (e.g., o« = 0.75) [37] and
validity, showing a significant association with family resilience (3 = 0.29, p < 0.001) [38].
McDonald’s omega for this measure was 0.73.

2.2.6. Adolescent Sex

Adolescent sex (coded as 1 = female, 0 = male) was added as a moderator to investigate
potential sex differences in the research model, given evidence that sex may influence the
intergenerational transmission of mental health. Previous research suggests that maternal
and paternal mental health may impact sons and daughters differently [28].

2.3. Analytical Plan

We conducted path analyses using Mplus 8 [38] to test our hypotheses. The analysis
proceeded in three stages.

First, we evaluated the direct effect of parental mental health status on adolescents’
mental health problems, expecting a significant path coefficient. This would suggest
that better parental mental health is associated with fewer mental health problems in
adolescents (H1). Second, we tested the serial mediation model, investigating whether the
relationship between parental mental health status (maternal and paternal mental health
status, separately) and adolescent mental health problems was mediated through three
sequential pathways: family resilience, adolescents” ACEs, and ability to flourish (H2).
Each indirect path coefficient was examined to confirm the role of these mediating factors.
Lastly, to test sex differences (H3), we conducted multi-group path analyses comparing
the path coefficients across sex groups, allowing us to determine whether the strength or
direction of associations varied by sex. To achieve this, we conducted a x? difference test
between an unrestricted model, in which all path coefficients were freely estimated for
each sex, and 10 separate restricted models, each constraining a single path coefficient to

158



Children 2024, 11, 1484

be equal across sexes. A significant x? difference between the unrestricted and restricted
models indicates that the constrained path coefficient significantly differs by sex.

The significance of indirect effects was evaluated using bootstrap confidence intervals
based on 5000 resamples. Cases with missing data on parental mental health status (inde-
pendent variable) were excluded from analyses while missing data on other variables were
handled using Full Information Maximum Likelihood (FIML). Model fits were assessed
using chi-square ( xz) , the root mean square error (RMSEA), the comparative index (CFI),
and the Tucker-Lewis index (TLI). Models with an RMSEA below 0.05, along with CFI and
TLI above 0.95, are considered to have great model fits [39].

3. Results
3.1. Preliminary Results

Descriptive statistics and correlations among the variables are shown in Table 1.
From the correlations, both maternal and paternal mental health status was significantly
and negatively correlated with adolescents” mental health (r = —0.21 for maternal and
r = —0.16 for paternal, p < 0.01), providing preliminary support for H1. Additionally, both
maternal and paternal mental health status was significantly and negatively associated with
adolescents” ACEs (r = —0.31 for maternal and r = —0.27 for paternal, p < 0.01). Parental
mental health was also significantly and positively associated with family resilience (r = 0.27
for maternal and r = 0.26 for paternal, p < 0.01) and adolescents’ ability to flourish (r = 0.15
for maternal and 7 = 0.11 for paternal; p < 0.01). Furthermore, adolescents’” ACEs were
negatively associated with both family resilience (r = —0.16, p < 0.01) and adolescent
flourishing (r = —0.16, p < 0.01), while family resilience was positively correlated with
adolescents’ ability to flourish (r = 0.21, p < 0.01). These correlations offered preliminary
support for H2. Adolescent sex (female =1) is associated with adolescents” mental health
problems (r = 0.08, p < 0.01) and adolescents” ability (» = 0.05, p < 0.01). Based on these
preliminary findings, we proceeded to hypothesis testing.

Table 1. Descriptive statistics and correlations among study variables.

Variables M or % (SD) 1 2 3 4 5 6
1. Maternal/paternal mental health status 1;)/[22 7761 (((?"5515)) _ —0.16** —0.27** 0.26 ** 0.11 ** 0.00
2. Adolescents’ mental health problems 0.21 (0.53) —0.21** _ 0.23 ** —-0.13**  —0.17* 0.08 **
3. Adolescents” ACEs 1.34 (1.48) —031*  0.23* _ —0.16**  —0.16** 0.01
4. Family resilience 9.22 (2.35) 027*  —0.13* —0.16** _ 0.21 ** 0.00
5. Adolescents’ ability to flourish 2.43 (0.95) 0.15**  —0.17* —0.16** 0.21 ** _ 0.05 **
6. Adolescent sex (1 = female) 48.5% 0.00 —0.08 ** 0.01 0.00 0.05 **

Note: Correlations for the maternal sample are shown below the diagonal (N = 48,424); correlations for the
paternal sample are shown above the diagonal (N = 42,279). ** p < 0.01; two-tailed tested.

3.2. Hypothesis Testing for the Association Between Parental Mental Health Status and
Adolescents” Mental Health Problems (H1)

Path analysis results indicated that maternal /paternal mental health statuses were
significantly and negatively associated with adolescents’ mental health problems (5 = —0.20,
p < 0.01 for maternal; p = —0.16, p < 0.01 for paternal), after controlling for other influential
variables including adolescent sex. In other words, better maternal and paternal mental
health were associated with fewer adolescent mental health problems.

3.3. Hypothesis Testing for the Mediating Effects of Family Resilience, Adolescents” ACEs, and
Their Ability to Flourish in the Intergenerational Transmission of Mental Health (H2)

The serial mediation model for maternal mental health demonstrated a good fit
(x*(3) = 14222,RMSEA = 0.03 [95% CI(0.03, 0.04)], CFI = 0.99, TLI = 0.96).
In the model, all regression paths were significant (see Figure 2). Specifically, maternal
mental health status positively influenced familial resilience (B = 0.27, p < 0.001) and
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adolescents’ ability to flourish (f = 0.07, p < 0.001), while reducing adolescents” ACEs
(B =-0.29, p <0.001) and mental health problems (8 = —0.13, p < 0.001). Family resilience
was associated with fewer adolescents” ACEs (f = —0.08, p < 0.001) and mental health
problems (B = —0.04, p < 0.001), and it increased adolescents’ ability to flourish (8 = 0.17,
p < 0.001). Additionally, adolescents” ACEs were linked to a decrease in their ability
to flourish (B = —0.11, p < 0.001) but an increase in mental health problems (B = 0.16,
p < 0.001). Adolescents’ ability to flourish was inversely related to their mental health
problems (B = —0.12, p < 0.001). As shown in Table 2, the bootstrapping results revealed
significant indirect effects from maternal mental health status to adolescents” mental health
problems. These findings indicate that family resilience, adolescents’” ACEs, and their
ability to flourish sequentially mediated the relationship between maternal mental health
and adolescents” mental health problems (8 = 0.00, z = —12.17, p < 0.001).

Adolescents’ _
- 7
K S\cb ACES ~/0‘..
Q.\\c: // ..‘
. ’ Adolescents’
Family 0177017 o
. Ability to
Resilience -
Flourish
: 9 7 =
§ o \B
.‘ & - "(I.()J.,_ /) ,"
~ \’T? w007 0.0+ /)'.‘ é
] B 00T v,
Maternal Adolescents’
Mental Health Mental Health
Status —0.137/-0.14 Problems

Figure 2. The serial mediation model from maternal mental health status to adolescents” mental
health problems. Note: The path coefficients are shown separately for adolescent sex (boys/girls).
Bold indicates a significantly higher coefficient compared to the other sex. *** p < 0.001.

Table 2. Indirect, direct, and total effects of maternal mental health status on adolescents” mental

health problems.
Model Pathway Estimate [95% CI ]
Boys Girls
Maternal MH — ACEs — adolescent MHP —0.045 *** (—0.049, —0.041)  —0.047 ** (—0.052, —0.043)
Maternal MH — flourish — adolescent MHP —0.009 *** (—0.010, —0.007)  —0.008 *** (—0.010, —0.006)
Maternal MH — family resilience — adolescent MHP —0.008 *** (—0.011, —0.004) —0.015 *** (—0.019, —0.012)
Maternal MH — family resilience — ACES — adolescent MHP —0.003 *** (—0.004, —0.003)  —0.004 *** (—0.004, —0.003)
Maternal MH — ACES — flourish — adolescent MHP —0.003 *** (—0.004, —0.003)  —0.004 *** (—0.005, —0.003)
Maternal MH — family resilience — flourish — adolescent MHP —0.005 *** (—0.006, —0.005)  —0.006 *** (—0.006, —0.005)
Maternal MH — family resilience — ACES — flourish — adolescent MHP 0.000 *** (0.000, 0.000) 0.000 *** (0.000, 0.000)
Total indirect effect: maternal MH — adolescent MHP —0.074 ***(—0.079, —0.068)  —0.084 *** (—0.090, —0.079)
Direct effect: maternal MH — adolescent MHP —0.131 *** (—0.144, —0.118)  —0.135 *** (—0.149, —0.122)
Total effect of maternal MH: total indirect effect + direct effect —0.205 *** (—0.217, —0.193)  —0.220 *** (—0.232, —0.208)

Note: *** p < 0.001; two-tailed tested. t Symmetric confidence interval.

The serial mediation model for paternal mental health demonstrated a good model
fit (x>(3) = 100.05,RMSEA = 0.03 [95% CI(0.023, 0.032)], CFI = 0.99, TLI = 0.96).
The regression coefficients in the serial mediation model of paternal mental health status
mirrored those in the maternal model, with all regression paths showing significant effects
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(see Figure 3). Specifically, paternal mental health status positively influenced family
resilience (5 = 0.26, p < 0.001) and adolescents” ability to flourish (8 = 0.04, p < 0.001)
while reducing adolescents” ACEs (8 = —0.24, p < 0.001) and mental health problems
(B=—0.09, p <0.001). Family resilience was associated with lower levels of adolescents’
ACEs (B = —0.11, p < 0.001) and mental health problems (8 = —0.05, p < 0.001) while
increasing adolescents’ ability to flourish (8 = 0.17, p < 0.001). Adolescents” ACEs reduced
their ability to flourish (8 = —0.12, p < 0.001) and were linked to increased mental health
problems (B = 0.14, p < 0.001). Additionally, adolescents’ ability to flourish was negatively
associated with mental health problems (f = —0.12, p < 0.001). As shown in Table 3, the
bootstrapping results revealed significant indirect effects from paternal mental health
status to adolescents” mental health problems. These findings show that family resilience,
adolescents” ACEs, and their ability to flourish sequentially mediated the association
between paternal mental health status and adolescents” mental health problems (8 = 0.00,
z=—13.36, p < 0.001).
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ACEs
,,.s.\.-\“p Q’/ .
\'- \ ‘7_..\(
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Figure 3. The serial mediation model from paternal mental health status to adolescents’ mental health
problems. Note: The path coefficients are shown separately for adolescent sex (boys/girls). Bold
indicates a significantly higher coefficient compared to the other sex. ** p < 0.01, *** p < 0.001.

Table 3. Indirect, direct, and total effects of paternal mental health status on adolescents” mental

Total effect of paternal MH: total indirect effect + direct effect

health problems.
Model Pathway Estimate [95% CI*]
Boys Girls
Paternal MH — ACEs — adolescent MHP —0.031 ***(—0.034, —0.027)  —0.036 *** (—0.040, —0.033)
Paternal MH — flourish — adolescent MHP —0.005 *** (—0.007, —0.003)  —0.004 *** (—0.005, —0.002)
Paternal MH — family resilience — adolescent MHP —0.009 ***(—0.013, —0.006)  —0.016 *** (—0.019, —0.012)
Paternal MH — family resilience — ACES — adolescent MHP —0.003 *** (—0.004, —0.003)  —0.005 *** (—0.005, —0.004)
Paternal MH — ACES — flourish — adolescent MHP —0.003 *** (—0.004, —0.003)  —0.004 *** (—0.005, —0.003)
Paternal MH — family resilience — flourish — adolescent MHP —0.006 *** (—0.006, —0.005)  —0.006 *** (—0.007, —0.005)
Paternal MH — family resilience — ACES — flourish — adolescent MHP 0.000 *** (0.000, 0.000) —0.001 *** (—0.001, 0.000)
Total indirect effect: paternal MH — adolescent MHP —0.057 *** (—0.063, —0.052)  —0.071 ** (—0.076, —0.065)

—0.096 *** (—0.109, —0.082)

Direct effect: paternal MH — adolescent MHP
—0.153 *** (—0.166, —0.140)

—0.135 *** (—
—0.163 *** (—

0.034, —0.027)
0.176, —0.149)

Note: *** p < 0.001; two-tailed tested. ¥ Symmetric confidence interval.
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3.4. Hypothesis Testing for Sex Difference in the Serial Mediation Model (H3)

Some regression coefficients revealed sex differences. In the maternal mental health
model, maternal mental health (Ax? = 47.88), family resilience (Ax? = 47.28), adolescents’
ACEs (Ax? = 49.77), and their ability to flourish (Ax? = 47.51) similarly impact adolescent
mental health problems, with stronger effects observed among girls (maternal mental health
status: f = —0.14; family resilience: B = —0.06; adolescents” ACEs: = 0.17; and adolescents’
ability to flourish: f = —0.12) than boys (maternal mental health status: g = —0.13; family
resilience: B = —0.03; adolescents” ACEs: = 0.16; and adolescents’ ability to flourish:
B=-012).

In the paternal mental health model, family resilience (A x> = 35.73), adolescents’ ACEs
(Ax? = 52.11), and adolescents’ ability to flourish (Ax? = 37.84) also have similar impacts
on adolescents” mental health problems across sex. However, paternal mental health
(Ax? = 21.39) has a slightly stronger impact on boys’ mental health problems (8 = —0.10)
than on girls (8 = —0.09)

4. Discussion

Given the public health importance of mental health, this study examined the intergen-
erational transmission of mental health, focusing on the mediating roles of family resilience,
adolescents” ACEs, and their ability to flourish in the association between parental mental
health and adolescents” mental health problems. Ground in family systems theory [11],
we hypothesized that parental mental health status would directly influence adolescent
mental health (H1). Furthermore, we proposed that family resilience, adolescents” ACEs,
and their ability to flourish would mediate the intergenerational transmission of mental
health between parents and adolescents (H2). Additionally, we explored sex differences in
these pathways (H3), hypothesizing that maternal mental health would have a stronger
impact on daughters’ mental health, while paternal mental health would more strongly
affect sons’.

4.1. The Impact of Parental Mental Health on Adolescent Mental Health (H1)

Consistent with our hypothesis and previous research [3-5], we found that both
maternal and paternal mental health were significantly and negatively associated with
adolescents” mental health problems. This finding underscores the critical influence of
parental mental health on adolescent well-being, aligning with family systems theory [12],
which emphasizes the interconnectedness of family members’ mental health. The relational
nature of mental health within families suggests that improving parental mental health
may have a beneficial impact on adolescents, potentially reducing the risk of developing
mental health issues.

4.2. Mediating Effects of Family Resilience, Adolescents” ACEs, and Adolescents” Ability to
Flourish (H2)

Our findings support the second hypothesis, showing that family resilience, ado-
lescents” ACEs, and their ability to flourish serve as serial mediators in the relationship
between parental and adolescent mental health. In both maternal and paternal models,
better parental mental health was associated with higher family resilience, which in turn
was related to fewer ACEs and greater flourishing in adolescents, ultimately resulting in
fewer adolescent mental health problems.

As a risk factor, the significant mediating role of ACEs in the relationship between
parental mental health and adolescent outcomes aligns with previous research on how ad-
verse experiences impact mental health [21,22]. The negative association between parental
mental health and adolescents” ACEs suggests that better parental mental health may
serve as a protective factor against adverse experiences, possibly through more effective
parenting practices or resilient home environments [9,24].

These findings further support the notion that family resilience can serve as a pro-
tective factor [9,24], helping to mitigate the adverse effects of ACEs on adolescent mental
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health. Defined as a family’s capacity to adapt to stress and work together to overcome
challenges [25], family resilience is essential for buffering adolescents against the negative
impacts of ACEs. This resilience likely creates an environment that promotes positive cop-
ing strategies and emotional support, reducing the risk of adolescents developing mental
health problems in the face of adversities.

Additionally, the adolescents” ability to flourish, which encompasses curiosity, re-
silience, and self-regulation, emerged as a significant mediator, supporting previous re-
search on its protective role in mental health outcomes [26,27]. This finding highlights the
importance of fostering positive well-being indicators in adolescents as a protective factor
against mental health issues. Adolescents who exhibit greater resilience and self-regulation
may be better equipped to manage stress, reducing the likelihood of experiencing mental
health problems. Together, these mediating factors provide insight into specific protec-
tive mechanisms that could help interrupt the transmission of mental health problems
across generations.

4.3. Sex-Specific Pathways in the Intergenerational Transmission of Mental Health (H3)

Our findings also support the hypothesis that the pathways linking parental mental
health to adolescent mental health outcomes vary by sex. In the maternal health model,
the effects of maternal mental health, family resilience, adolescents” ACEs, and their
flourishing on adolescent mental health problems were stronger for girls than for boys.
This is consistent with research suggesting that maternal mental health often has a more
pronounced impact on daughters, potentially due to closer emotional bonds, sex-specific
socialization, or identification processes [30]. However, the differences were relatively
modest, suggesting that maternal mental health significantly influences both sons and
daughters and that improving maternal mental health could have a more substantial
protective effect on their adolescent children’s well-being.

In the paternal mental health model, family resilience, adolescents” ACEs, and their
flourishing had similar impacts on adolescent mental health for both sexes. However, pater-
nal mental health had a slightly stronger effect on boys’ mental health problems compared
to girls’. This aligns with previous research suggesting that sons may be more influenced
by their fathers” mental health, possibly due to sex-specific identification processes [29].
These findings underscore the importance of considering both parental and adolescent sex
in understanding the transmission of mental health within families.

4.4. Limitations and Future Directions

Despite its contributions and strengths, this study has limitations primarily due to
the use of secondary data. First, the cross-sectional nature of the data limits causal in-
ferences about the observed relationships. Future studies could consider longitudinal
designs to better capture the temporal sequences of intergenerational transmission of
mental health, e.g., [40,41]. Specifically, previous longitudinal studies provided contrast-
ing insights into cross-lagged effects between parent and child mental health. Griffith
et al. [42] found contemporaneous cofluctuation of depressive symptoms but no evidence
of bidirectional effects over time. In contrast, Yirmiya et al. [43] identified bidirectional
influences between maternal and child anxiety, particularly in trauma-exposed families,
with early childhood as a sensitive period. These findings highlight the complexity of
intergenerational mental health transmission and the importance of contextual factors like
trauma and developmental stages. Future longitudinal studies would benefit from incor-
porating complex contextual factors when examining intergenerational transmission of
mental health. Second, the reliance on parent-reported measures may introduce reporting
bias, particularly for adolescent outcomes. Future research could improve accuracy by
incorporating multiple informants, objective measures, and adolescent self-reports [44,45].
Third, each maternal and paternal mental health status was accessed using single mea-
sures, which may not fully capture the complexity of mental health status. Future studies
could benefit from more comprehensive assessments of parental mental health, as well
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as additional contextual factors that may influence family dynamics. Fourth, while this
study focused on examining sex differences within the serial mediation model, we did
not include covariates. Future studies could consider sociodemographic factors such as
adolescent age, race/ethnicity, educational background, and income, which may further
influence the relationships between parental mental health, family resilience, adolescents’
ACEs, and their flourishing. Lastly, while this study focuses on adolescents, future research
could explore how sex-specific pathways operate across different developmental stages for
a more comprehensive understanding.

4.5. Conclusions and Implications

Using a large nationally representative sample from the combined 2016-2020 NSCH
data, this study provides significant contributions to understanding the intergenerational
transmission of mental health by examining the mediating roles of family resilience, ado-
lescents” ACEs, and their flourishing in the association between parental and adolescent
mental health. By identifying key mediating mechanisms and exploring sex-specific path-
ways, this study enhances our understanding of the complex dynamics through which
parental mental health influences adolescent mental health outcomes. The findings em-
phasize the importance of addressing parental mental health, enhancing family resilience,
and fostering adolescents’ ability to flourish as protective strategies to mitigate mental
health risks across generations. Specifically, the role of family resilience suggests that
interventions focusing on family level protective factors could be effective in preventing
the transmission of mental health problems. Programs that enhance family communication,
problem-solving skills, and collective coping strategies may be particularly impactful,
helping families manage stress and reducing adolescent susceptibility to mental health
challenges in the context of ACEs.

These findings carry practical implications for policymakers and practitioners seeking
to reduce the intergenerational transmission of mental health issues. First, policies and
programs that support parental mental health can foster a more resilient family environ-
ment, reducing children’s exposure to adverse experiences and promoting family dynamics.
Access to mental health resources for parents could be prioritized to interrupt the type
of mental health challenges across generations. Second, clinicians and practitioners are
encouraged to implement family centered prevention strategies that enhance resilience
at the family level. Also, programs aimed at fostering positive well-being indicators in
adolescents, such as curiosity, resilience, and self-regulation, are vital for mental health
prevention. Schools, community organizations, and mental health services can support
adolescents in developing these attributes, which may enhance their capacity to handle
stress and reduce the risk of mental health issues. Lastly, the observed sex differences
suggest that tailored interventions may be necessary to address the distinct needs of sons
and daughters. For example, programs that support maternal mental health may focus on
enhancing mother-daughter interactions, while those targeting paternal mental health may
prioritize father-son dynamics, recognizing the unique influences of each parental role on
adolescent mental health.

In conclusion, this study offers important insights into the mechanisms of intergenera-
tional mental health transmission and highlights the protective roles of family resilience
and adolescents’ flourishing. Targeted policies and interventions that enhance family re-
silience, support parental mental health, and foster adolescents” well-being may be critical
in reducing the transmission of mental health issues across generations. These findings
provide a foundation for developing evidence-based strategies aimed at promoting family
resilience and mental health stability across generations.
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Abstract: Background/Objectives: Children’s mental health is an issue of growing global
concern, with a significant impact on children’s emotional, social and cognitive develop-
ment. In recent years, digital apps and platforms have emerged as innovative tools to
address mental health challenges. This systematic review aims to evaluate the effectiveness
of these technologies in supporting children’s and adolescents” mental health. Methods:
A systematic search of PubMed, PsycINFO, Scopus and Web of Science databases was
conducted. Results: The results suggest that digital apps and platforms have significant
potential to support children’s mental health. However, their effectiveness depends on
factors such as app design, parental involvement and cultural adaptation. Conclusions:
The inclusion of gamified elements and integration with traditional mental health strategies
can enhance outcomes.

Keywords: mental health; digital technology; digital intervention; children; adolescents;
emotional well-being

1. Introduction

Child mental health is a global priority in the current context, marked by increasing
challenges related to accelerated social change and technological pressures [1]. It is esti-
mated that one in five children and adolescents worldwide experience a mental health
disorder, posing a considerable challenge to families, communities and health systems [2].
These problems, exacerbated by factors such as unequal access to health resources, the
stigma associated with psychological disorders, and natural disasters such as the COVID-19
pandemic, have led to a significant increase in the incidence of anxiety, depression and
related mental health disorders in children and adolescents [3]. In this context, technologies
emerge as promising tools to address children’s mental health needs, but their implementa-
tion and effectiveness still raise crucial questions that require in-depth and critical analysis.

The accelerating advance in digital technologies, including mobile apps, online plat-
forms and artificial intelligence-based solutions, has transformed the healthcare landscape,
offering new opportunities for child mental health assessment, intervention and monitor-
ing [4]. Recent studies indicate that these technologies can improve access to mental health
services, especially in regions where resources are limited [5]. On the other hand, digital
resources play a key role in mental health prevention and education by providing accessible
information for both children and their families. Through these digital tools, it is possible
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to promote knowledge about emotional well-being and teach effective coping strategies in
various situations [6]. However, significant challenges remain, such as the lack of rigorous
scientific validation of many commercially available apps, ethical concerns related to data
privacy, and unequal access due to digital divides [7]. In this sense, while technology brings
multiple benefits in the field of mental health, its implementation should not be considered
an absolute substitute for professional intervention. It is essential that these digital tools
are integrated with traditional services, enabling more comprehensive and effective care
for patients, especially in cases that require a specialised clinical approach [8].

Despite the increasing proliferation of technological interventions, evidence on their
effectiveness and long-term sustainability remains fragmented and, in many cases, lim-
ited [9]. For example, while some studies highlight the positive impact of technology-based
interventions on reducing symptoms of anxiety and depression [10], others point to a
lack of standardisation in the design and evaluation of such tools, making it difficult to
compare and generalise results [11]. This disparity of results underscores the urgent need
to consolidate existing knowledge across the literature to identify trends, gaps and priority
areas for future research. These gaps not only hinder theoretical advancement but also
compromise the effectiveness and equity of technological interventions in clinical practice.

A review of the literature in this field is therefore necessary to address these challenges
and contribute to the development of a more robust conceptual and empirical framework.
Thus, this study seeks to critically synthesise the available evidence on the effectiveness
of technologies in supporting children’s mental health, highlighting both their strengths
and limitations. Through a comprehensive analysis of recent studies, it aims to identify
consistent patterns, highlight the most promising innovations, and propose priority areas
for future research. This approach will not only clarify the state of the art, but also inform
decision-making by researchers, health specialists and policy makers. The review is framed
in a historical moment of growing interest in the intersection between technology and
mental health, which makes it particularly relevant and timely. The review is framed
in a historical moment of growing interest in the intersection between technology and
mental health, which makes it particularly relevant and timely. We have conducted a
systematic review study that aimed to evaluate the effectiveness of apps and digital plat-
forms as interventions to improve the mental health of children and adolescents. Although
this is a well-studied topic, it is a valuable update, addressing the specific gap in this
particularly rapidly developing field of digital health apps, adding studies with more
up-to-date technologies.

This research aligns with contemporary debates in psychology, psychiatry and tech-
nology, including the role of interdisciplinary approaches in the design of digital interven-
tions [12]. For example, the integration of user-centred design principles and participatory
research methodologies has been highlighted as a key strategy for improving the uptake
and effectiveness of mental health technologies [13]. Furthermore, the ‘digital psychology’
framework provides a conceptual basis for understanding how human interactions with
digital technologies can influence mental health and well-being [14].

On the other hand, the effectiveness that technologies can have, not only in clinical
settings, but also in educational settings, has been demonstrated [15]. Therefore, the
use of video games and gamification strategies has proven to be an effective alternative
to facilitate access and improve continuity in psychological treatments for children and
adolescents. In this sense, initiatives such as ‘Harry’s PathwaysToCare” have been created
with the purpose of guiding young people in the process of seeking and using mental health
services [16]. However, despite their advantages, the implementation of these technologies
in the professional mental health setting remains limited. This is largely due to a lack of
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understanding of how they work and concerns related to the security and privacy of user
data [17].
Following this line, the present study pursues the following objectives:

(1) To evaluate the effectiveness of various technologies on mental health in children
and adolescents;

(2) To identify the advantages and limitations of these technologies for psychological
well-being;

(3) To propose a framework for future research on the implementation of technologies
for child and adolescent mental health.

To this end, the study answers the following research questions:

RQ1: What evidence exists on the effectiveness of digital technologies on the mental
health of children and adolescents?

RQ2: What are the main challenges and barriers in the use of digital technologies for
psychological well-being?

RQ3: What guidelines can guide future research on the implementation of mental
health technologies for children and young people?

2. Methods
2.1. Review Methodology

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [18] (Supplementary
Materials S1). The implementation of these guidelines ensures a clear and comprehen-
sive methodology, promoting transparency and rigour in the study selection process for
systematic reviews. A search was conducted to identify studies exploring the efficacy of
technologies on child and adolescent mental health.

2.2. Formulation of the Research Question

The search query was conducted using the PICO model [19] which includes four core
elements: person or problem (P), indicator intervention (I), comparison (c) and outcome (O).
The following aspects were considered: P—child or adolescent students; I—mental health;
C—digital intervention or tool and O—impact of digital tools on mental health.

2.3. Search Strategy

The search was conducted in recognised academic databases, including PubMed,
Scopus, Web of Science and PsycINFO, to identify studies published between 2020 and
2024. The delimitation of the study period to the years 2020-2024 was in response to several
factors. Firstly, the COVID-19 pandemic represented a turning point in the development
and implementation of digital mental health interventions, accelerating the adoption of
technologies and generating a significant increase in the research and application of these
strategies. The purpose of the study is to analyse effectiveness in a scenario characterised by
the increasing digitisation of mental health care, largely driven by the conditions imposed
since 2020 following the pandemic.

Keywords related to mental health, digital technology, digital interventions, children,
adolescents and emotional well-being were used. Boolean operators (AND, OR) were
applied to optimise the retrieval of relevant studies. In addition, reference lists of selected
studies were reviewed to identify additional relevant publications.

2.4. Inclusion and Exclusion Criteria

Based on the inclusion and exclusion criteria, a number of guidelines were established
to ensure that the selected studies were relevant and met the objectives of the review.
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The inclusion criteria were as follows:

e  Published between 2020 to 2024;
e Publications in scientific articles;
e  Publications in English;

e Related to the field of study.

The exclusion criteria were as follows:

e  Published outside the established time interval;

e Published in a format other than a scientific article (congress, thesis, etc.);
e  Published in a language other than English;

e  Research not related to the field of study.

2.5. Selection of Studies and Selection Process

Study selection was performed in several stages. First, the search results were com-
bined using the desktop reference manager Mendeley and duplicate studies were removed.
Second, two researchers independently screened the titles and abstracts of articles identified
in the initial search to discard studies that did not meet the inclusion criteria. Subsequently,
a full-text review of the pre-selected studies was conducted to confirm relevance and
data extraction.

To ensure the reliability of the process, the inter-rater agreement index was calculated
using Cohen’s Kappa coefficient, yielding a value of 0.95, indicating a high level of inter-rater
agreement. Any discrepancies were resolved by discussion between the researchers or, if
necessary, with the intervention of a third evaluator. The results can be visualised in Figure 1.

[ Identification of studies via databases and registers ]
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Records identified from: Records removed before
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5 .
o > Duplicate records removed
'.2 Databases (n = 221) (n=107)
-]
|
e ‘
Records screened Records excluded
F———>
(n=114) (n=102)
o
=2
& A4
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°
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Figure 1. Flow chart.
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2.6. Methodological Quality Assessment

Two reviewers independently determined the methodological quality of the selected
studies using the critical appraisal tools for non-randomised studies of the Joanna Briggs
Institute (JBI) at the University of Adelaide (Australia) [20]. This tool is designed to
determine the robustness and validity of research, as well as to assess the methodological
quality of a study and to determine the extent to which a study has excluded or minimised
the possibility of bias in its design, conduct and/or analysis. The version for quantitative
studies was adapted, with the cut-off point being 4 for acceptance for inclusion in this
review (Supplementary Materials S2) [20].

To assess the risk of bias in the non-randomised studies included in this review, the
Risk of Bias in Non-randomised Studies of Interventions (ROBINS-I) tool recommended by
Cochrane was used. This tool allows us to identify and classify bias in seven key domains:
confounders, participant selection, intervention classification, deviations from the intended
intervention, missing data, outcome measurement and selection of reported outcomes.
Each domain was assessed with a risk rating of low (green), moderate (yellow), high
(orange) or critical (red) bias, providing a comprehensive assessment of the overall risk of
each study. The application of this tool ensures greater transparency and methodological
rigour in the synthesis of findings, allowing the robustness of the evidence analysed to be
contextualised (Supplementary Materials S3) [21].

2.7. Data Extraction and Data Analysis

The following information was extracted from the included studies: authors, date
of publication, methodological design, population size and characteristics, type of digital
intervention implemented, country of implementation and main findings. To ensure con-
sistency in data extraction, a standardised template incorporating the variables mentioned
above was used.

Data analysis was conducted at two levels: descriptive and thematic. First, a quantita-
tive analysis was conducted to examine the distribution of studies in terms of frequency of
publication by year, types of digital interventions and mental health conditions addressed.
Secondly, a qualitative analysis was conducted to identify patterns in the effectiveness
of digital interventions. Study results were categorised according to reported effects on
child and adolescent mental health. To do this, a response categorisation process was
applied, where quantitative data were transformed into qualitative categories to facilitate
analysis and interpretation. Segmentation and clustering techniques were used to identify
patterns and groupings within the numerical responses. SPSS statistical software (v.29 for
MacOS) was used to group results into clusters with significant similarities, improving
understanding of key trends in digital mental health interventions.

3. Results

A search of four databases was conducted, resulting in 211 records. Of these, 10 articles
were included in the review (Table 1). Finally, in order to extract relevant data to help answer
our research questions, the selected studies were analysed and their data extracted using a
standardised template that included information on methodological design, population,
digital intervention and main findings.

The number of published studies on digital mental health fluctuated between 2020
and 2024, reflecting the impact of the global pandemic on interest and development in this
topic. In 2020, only one study was identified, which is consistent with the time required
to design and implement research after the onset of the health crisis. In 2021, the number
of publications increased to four, suggesting a growth in attention to and exploration of
digital mental health interventions. Subsequently, in 2023 and 2024, the number of studies
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decreased to two, which could indicate a stabilisation phase in scientific output. This

pattern highlights how research responded to emerging needs driven by the pandemic

and how, in recent years, the publication of studies appears to have reached a point of

normalisation (Supplementary Materials S3).

Table 1. Information on included studies.

Methodological Sample and Population and ~ Mental Health Digital S X S
Author/Year Design Gender Age Group Condition(s) Intervention Findings (Benefits and Limitations) Country
The app proved effective in
addressing issues such as anxiety
and stress stemming from the
Nahreen . pandemic, promoting greater
- Anxiety, stress ¢
Zarl\l/[nat qnd o 10 famlhes'. Children from 4 and APP: Calm engagement and ent]:'u'xsmsm among
urni Quantitative No gender is to 10 vears old behavioural & Care children. It also facilitated active Bangladesh
Mahmud, specified. ¥ changes parental involvement through tools
2024 [22] 8es. such as a dashboard to monitor
progress and coordinate counselling
sessions, all under strict privacy and
security measures.
The study indicates that young
people are satisfied with both apps
H. .4.5 Teenagers Str'e oy and Applications:  (Opp and NettOpp) to increase their
ogsdal, titati participants bet 11 and difficult o d knowledee about tal health and Norway
2023 [23] Quantitative (25 girls and etween 11 an emotions or pp and or nowledge about mental health an Canada
17 boys) 16 years old. situations NettOpp h?lp thgm d}eal with stress and
difficult situations. It also increases
awareness about cyberbullying.
131
participants This platform helps transition-aged
(106 were youth seek help from mental health
Shi et al female, 22 Teenagers Mental health Digital and wellness resources. Participants
2021 [2 4']’ Quantitative were male, between 17and  and well-being platform: highlighted its visual appeal, Canada
and 3 29 years old support Thought Spot functionality, and usefulness;
identified however, many stop using it within
themselves as a short period of time (3 weeks).
non-binary).
The study
included 199 Post-intervention results sh
Marti tal participants, Teenagers Application: dos t < Vg on resu s; ow a
artinez et al, Quantitative of whom 106 between 13 and Depression Take care of recuction In depressive and anxious Chile
2021 [25] . symptoms in adolescents through
were women 17 years old your spirit dieital i .
and 93 were igital interventions.
men.
The digital intervention produced a
greater reduction in depressive
Osborn et al 103 students Teenagers Stress, anxiet Platform: symptoms in adolescents. Therefore,
2020 M Quantitative (gender not between 13 and s ANXIELY, Shamiri- a brief digital and computer-based Kenya
[26] apecified depression.. . . : -
pecified) 18 years old Digital intervention may reduce depressive
symptoms in adolescents in
sub-Saharan Africa.
Smartteen is India’s first
computer-assisted intervention for
) 21 Adolescents Web the treatment of‘dgpre551on in
Srivastava - adolescents . P adolescents. Preliminary results .
Quantitative between 13 and Depression application: o . India
etal., 2020 [27] (gender not 19 vears Smartteen suggest that it is feasible, acceptable
specified) ¥ and effective in reducing depressive
symptoms and helps save therapist
time.
Results showed improvements in
248 mental health symptoms, stress and
Gonsalves adolescents Teenagers Application: well-bein Parzlici ants found POD
Quantitative (124 males between 13 and Stress POD & P . India
etal., 2021 [28] and 124 18 vears old Adventures Adventures easy to use, engaging
Y and helpful in solving their
females).
problems.
The use of mobile apps for
adolescent mental health has great
potential to improve access to and
effectiveness of services. These apps
Children . can provide useful support,
Razkbaz};u[;;]al., Quantitative Not specified ~ between 13 and Iixir;x1:ets}751a()r;1d Not specified  education, and interventions to help Indonesia
18 years old P adolescents manage their mental

health problems. Therefore, their
implementation should be part of a
comprehensive strategy to promote
youth well-being.
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Table 1. Cont.

Methodological Sample and Population and ~ Mental Health Digital S X S
Author/Year Design Gender Age Group Condition(s) Intervention Findings (Benefits and Limitations) Country
The tool proved to be practical,
well-received and effective in
5 participants Young Arabs Depression, reducing Sym ptorr_\s.of anxiety and
Amer, N et al., L 3 depression as it is based on
Quantitative (4 women (no age range anxiety and Sokoon oo ; Egypt
2023 [30] and 1 man) specified) stross cognitive behavioural therapy
P through gamification. In addition, it
offers an accessible and culturally
adapted alternative.
Was shown to be feasible and
35 effective in reducing anxiety in
Charvet et al articipants Teenagers paediatric patients with multiple
2021 [31] v Quantitative l:(,28 wfmen between 14 and Anxiety Personal Zen sclerosis. Participants showed USA
and 7 men) 23 years old significant improvements in

negative affect and anxiety
following the intervention.

Looking at the geographical origin of the studies collected, a large percentage of the
articles come from South and Southeast Asia, with countries such as India, Indonesia and
Bangladesh showing growth and interest in dealing with technologies and the mental
health of users. On the other hand, studies were also found from countries from other
continents such as Europe (Norway), South America (Chile), Africa (Kenya and Egypt) and
North America (Canada and the United States). This global picture not only shows the
universality of interest in digital mental health but also suggests that innovative solutions
developed in these diverse contexts can be shared and adapted globally.

Figure 2 illustrates the distribution of study topics in digital mental health interven-
tions, focusing on five main categories, each of which represents a significant area of
research within the field of mental health. Depression, anxiety and stress each occupy
27.8% of the total number of studies, reflecting the high priority that these areas represent
in current research. This balance shows that researchers are devoting similar resources to
explore how digital interventions can help manage these disorders, which are prevalent
and have a considerable impact on the world’s population. On the other hand, we find
emotional support (11.1%) and behavioural changes (5.6%). These studies address how
digital interventions can influence behaviour modification, an essential aspect of improving
overall well-being and managing mental health conditions.

Depression
27.8%

Anxiety
27.8%

Emotional support
11.1%

stress

Behavioral changes 27.8%

5.6%
Figure 2. Distribution according to study topics.

Addressing the main findings of the collected studies, the results have been categorised
into five main areas:

e Reduction in Anxiety and Stress: This section refers to digital interventions designed
to help reduce anxiety and stress levels in young people. They often include relaxation
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techniques, cognitive behavioural therapy, and guided activities aimed at relieving
emotional and psychological tension.

e Increase in Mental Health Awareness and Management: Focuses on increasing mental
health awareness among young people and their caregivers. This may include educa-
tion about the symptoms of different psychological disorders, strategies for managing
them, and the importance of seeking professional help when necessary. Apps and
platforms often provide informative resources and self-assessments.

e  Active Participation in Mental Health: This outcome highlights the importance of
active and engaged participation of users in their own mental health process. Inter-
ventions may include interactive modules, emotion diaries, and discussion forums
that allow users to actively engage in their wellness journey.

e Reduction in Depressive Symptoms: This section addresses specific interventions
to reduce symptoms associated with depression, such as persistent sadness, lack of
interest in daily activities, and concentration problems. These interventions are often
guided by psychological therapy principles and supported by regular follow-up.

e Improvements in General Well-being: Refers to interventions that aim to improve the
general well-being of individuals, focusing not only on clinical aspects, but also on
improving quality of life. This may include promoting healthy habits, developing
social skills and strengthening emotional resilience

Based on the results obtained after analysing the main findings, it stands out that
interventions focused on anxiety and stress reduction have shown a high effectiveness,
reaching 87%. These interventions usually include programmes that implement stress
management techniques and mindfulness, proving to be effective tools to help young
people control their anxiety levels. On the other hand, interventions that promote increased
knowledge and management of mental health show an effectiveness of 85%, focusing
their action on educating young people about mental health problems and strategies for
their management, thus increasing their awareness and skills to manage their own mental
health.

Active participation in mental health, which includes interactive tools and progress
monitoring, has proven to be especially effective with 89% effectiveness, encouraging
greater engagement of youth in their treatment. The category with the highest reported
effectiveness, at 90%, is the reduction in depressive symptoms. These interventions have
shown positive results in helping adolescents regain interest in daily activities and improve
their overall mood. Finally, interventions aimed at improvements in general well-being,
ranging from promoting healthy lifestyles to developing social skills and emotional re-
silience, have shown 86% effectiveness. These programmes seek not only to reduce the
symptoms of specific disorders but also to promote a comprehensive improvement in the
quality of life of young people. In this sense, digital interventions in child and adoles-
cent mental health are effective tools on a variety of fronts, offering significant support
in the management and improvement of mental health. However, the findings reveal
challenges for its implementation in both clinical and educational contexts (Figure 3). The
figure shows the percentage distribution of the main barriers to the implementation of
technologies in the health of young people. It can be seen that the training and acceptance
of professionals represents the greatest limitation (30%), suggesting the need for training
strategies to improve the adoption of these technologies in the clinical setting. This is
followed by user commitment (25%) and scientific evidence and clinical validation (20%),
indicating that adherence of young people and the lack of robust studies on the efficacy
of these technologies remain major challenges. To a lesser extent, accessibility (15%) and
data privacy and security (10%) also constitute barriers, although with less relative impact
compared to the previous factors. These findings highlight the importance of addressing

174



Children 2025, 12, 353

both professional training and scientific evidence to foster effective integration of technolo-
gies in youth health, as well as the importance of continuing to develop and implement
technologies tailored to the mental health needs of this population.

Scientific evidence and clinical validation 20%

Data privacy and security 10%

Training and acceptance of professionals 30%

User commitment 25%

Accessibility 15%

0% 5% 10% 15% 20% 25% 30% 35%

Figure 3. Challenges of implementing technologies in mental health interventions.

4. Discussion

The following are the discussions organised according to the research questions
posed above:

RQ1: What evidence exists on the effectiveness of digital technologies in intervening and
supporting child and adolescent mental health?

The study of previous research has confirmed the positive effect of the use of digital
tools for the improvement of children and adolescent mental health. The literature review
has shown that their application generates significant benefits in several areas. On the
one hand, the efficacy of digital interventions for childhood anxiety, encompassing mobile
applications, virtual reality and online therapies, has been the subject of study. The results
indicate that these tools can facilitate access and standardisation of treatment, although
further ethical and practical regulation is still required [32]. Following this line, other
studies conducted research in which they evaluated the effectiveness of a digital platform
designed for the treatment of anxiety and depression in adolescents. Through various
methodologies and digital tools, they analysed the evolution of participants who used
the platform as part of their mental health intervention. The results showed a significant
improvement in their anxiety symptoms, suggesting that digital interventions can be an
effective tool to expand access to psychological treatments in this population [33], as well as
school-based interventions to reduce anxiety in children and adolescents that generate small
but significant benefits, although their long-term impact remains limited [34]. However,
it has also been reflected that it not only helps to reduce stress and anxiety, but also the
symptoms of depression that individuals may have. Therefore, the use of digital tools
has shown a significant reduction in depressive symptoms. These facts are supported by
numerous studies [35].

On the other hand, following the results obtained in the present studyj it is evident that
the use of digital technologies in interventions to improve the mental health of adolescents
provides greater awareness and management of mental health. In this sense, various
studies support the results such as those carried out by Chen et al. [36], where their findings
indicated that digital interventions, including mobile applications, virtual reality and
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educational games, have a moderate but significant effect both in improving emotional well-
being and in managing and raising awareness of mental health of adolescents. In addition,
these tools have proven useful in addressing problems such as anxiety, depression and
bullying. Therefore, other research, through literature reviews, analysed the effectiveness
of digital interventions in the emotional regulation of adolescents. Some found that digital
games were particularly effective in reducing negative emotional experiences in young
people at risk of anxiety, although most studies are in early stages of development [37].
The effectiveness of self-directed digital interventions, such as mobile applications, has
also been evaluated in adolescents aged 11 to 18 years, with the aim of determining their
impact on emotional regulation, the reduction in psychopathology and the improvement
of academic and social functioning [38].

Finally, the use of digital tools has proven to be a promising tool for improving the
emotional well-being of children and adolescents, especially in the development of social
skills and in strengthening emotional resilience. One study analysed the effectiveness of a
digital intervention designed to improve emotional regulation and social communication
skills in children with difficulties in these areas. After 14 weeks of intervention, participants
demonstrated significant improvements in their ability to manage emotions and establish
social relationships, with effects sustained up to six months later [39].

RQ2: What are the main challenges and barriers in the use of digital technologies for
psychological well-being?

The analysis of the studies selected for the review revealed the main barriers and
challenges in the use and employment of digital technologies for psychological well-being.
Below are the main aspects that hinder their adoption:

- Accessibility: While digital applications and platforms can improve access to mental
health, significant digital gaps persist. In particular, children and adolescents in
low-income communities may lack access to electronic devices or a stable internet
connection, which limits their participation in digital interventions [5]. This digital
disparity reduces equity in access to mental health services and represents a significant
obstacle in the implementation of technological solutions on a large scale [29].

- User Engagement: Despite their proven effectiveness, many of these digital tools
experience low user retention. For example, the study by Shi et al. [24] on the Thought
Spot platform showed that although young people perceive its functionality and
usefulness as positive, most abandon the application within a short period of three
weeks. This phenomenon is due, in part, to the lack of motivation and the design
of the interventions, which do not always align with the preferences and needs of
adolescents [26].

- Training and Acceptance by Professionals: The integration of digital tools into tra-
ditional models of psychological and psychiatric care requires that mental health
professionals be trained in their use and trust in their effectiveness. However, the
lack of specific training and resistance to change can hinder their adoption in clinical
settings [17]. It is essential that digital technologies are accompanied by training pro-
grammes for mental health professionals, thus ensuring their proper implementation [8].

- Data Privacy and Security: The use of digital apps and platforms for mental health
involves the collection and storage of highly sensitive data, raising ethical and legal
concerns regarding privacy and security. One example is the Calm & Care app, which
incorporated security mechanisms to ensure safe monitoring by parents (Nahreen
Zannat & Mahmud, 2024). However, not all apps offer adequate security measures,
which can lead to user mistrust and hinder widespread adoption [22].

- Scientific Evidence and Clinical Validation: Although studies indicate that digital
interventions can reduce anxiety, stress and depression in children and adolescents, the
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lack of long-term clinical trials and qualitative studies limits the rigorous validation of
these interventions [9]. For example, the Cuida tu Animo app demonstrated positive
results in reducing depressive symptoms in adolescents, but its long-term effectiveness
has not yet been confirmed with follow-up studies [25]. Standardisation in the design
and evaluation of these tools is key to ensuring their applicability and reliability in
clinical contexts [11].

Thus, we must bear in mind that despite the enormous potential of digital technologies

to improve child and adolescent mental health, their adoption and long-term sustainability

depend on addressing a number of challenges. Overcoming these barriers will require

coordinated efforts between researchers, mental health professionals, and technology

developers, in order to optimise the effectiveness and equity of these tools in clinical and

educational practice.

RQ3: What guidelines can guide future research on the implementation of mental health

technologies for children and young people?

Based on the results obtained, future research on the implementation of mental health

technologies for children and young people should be guided by the following key aspects:

Used as a complement to traditional therapy: Applications such as Cuida tu Animo
have been shown to reduce depressive symptoms in adolescents [25]. These tools
can be used as support between therapy sessions, offering practical exercises and
educational resources that encourage treatment continuity and patient adherence.
Remote monitoring and follow-up: Tools like Calm & Care allow parents and profes-
sionals to monitor the progress of young people, facilitating early intervention and
personalization of treatment [22]. This is especially beneficial for managing fluctuating
symptoms and optimising therapeutic strategies.

Automation and efficiency for therapists: Gamification in mental health apps, as seen
in tools such as Smartteen, incorporates game elements to improve user motivation and
engagement. Studies such as Srivastava et al. [27] have shown that incorporating self-
help and automated monitoring modules can effectively reduce depressive symptoms
and optimise therapists’ time. These gamification elements, such as rewards and goals,
encourage regularity and persistence in users. However, not all aspects of gamification
are equally effective. For example, while rewards may increase participation in the
short term, they may not sustain motivation in the long term without the support
of more in-depth therapeutic interventions. In addition, scoring and competition
systems may generate anxiety in some users, counteracting the potential benefits. It is
crucial to identify and apply those gamification elements that align the objectives of
the application with the specific psychological needs of the users, avoiding those that
may introduce new stressors or diminish the effectiveness of the treatment.
Education and awareness: Platforms like Thought Spot and POD Adventures have
shown an increase in mental health awareness and stress management, being useful
in school programmes [24,28]. Integrating these tools into educational curricula can
strengthen mental health literacy and reduce the stigma associated with psychologi-
cal disorders.

Personalization of interventions: Gamification and interactive approaches, such as
those used in Sokoon, can increase engagement and improve therapeutic outcomes [30].
The ability to tailor digital experiences to each user’s individual needs can improve
adherence and motivation in treatment.

Public health strategies: Governments and organisations can integrate these tools
into mental health prevention and care campaigns in school, community, and clinical

177



Children 2025, 12, 353

settings [10]. By providing access to validated digital resources, early detection of
disorders can be improved and timely intervention facilitated.

Digital interventions can improve the accessibility and effectiveness of traditional
models of psychological and psychiatric care if their challenges are addressed, ensuring
an adapted, scientifically validated implementation aligned with the needs of users and
mental health professionals. Combining digital approaches with traditional interventions
can strengthen mental health care systems, facilitating equitable access and continuous
improvement in treatments.

This finding reinforces the applicability of our results for mental health professionals,
educators, and policymakers, highlighting the importance of integrating digital solutions
into existing mental health frameworks to maximise their impact and effectiveness.

5. Conclusions

The findings of this systematic review show that digital interventions for child and
adolescent mental health have a significant impact on reducing symptoms of anxiety, stress,
and depression, as well as improving general well-being and mental health literacy. The
inclusion of interactive tools, gamification, and remote monitoring strategies has been
shown to improve user adherence and engagement, facilitating access to psychological
interventions in various contexts. However, the effectiveness of these interventions largely
depends on factors such as the quality of the design, integration with traditional mental
health approaches, and parental involvement. Despite positive results, challenges in
their implementation, such as acceptance by professionals, accessibility in vulnerable
populations and data privacy, continue to be barriers that limit their widespread impact.
The integration of these tools into health and education systems requires a multidisciplinary
approach that considers their scientific validation, scalability and alignment with traditional
psychological care models.

5.1. Limitations

While this study provides a comprehensive synthesis of the effectiveness of digital
interventions in children’s mental health, it has some limitations that should be considered.
First, the review focused only on studies published in English and in scientific articles,
which could have excluded relevant research in other languages or formats.

Only quantitative studies have been included in this systematic review in order to
objectively assess the effectiveness of digital interventions on child and adolescent mental
health. This methodological decision is based on the need for measurable and comparable
data to analyse the impact of these technologies in terms of symptom reduction, improved
psychological well-being and other standardised indicators. Quantitative studies, in partic-
ular randomised controlled trials and longitudinal studies, offer greater methodological
rigour and allow causal relationships to be established, which is essential to determine the
real effectiveness of these interventions. Likewise, the exclusion of qualitative studies re-
sponds to the review’s objective of synthesising evidence based on objective and replicable
metrics, facilitating the possibility of statistical analysis and meta-analysis. However, it is
recognised that qualitative studies can provide valuable information on user experience
and challenges in implementing these technologies, so future research could complement
these findings with a mixed approach that considers both types of evidence. While the
use of the PICO model to formulate the research question is appropriate and has allowed
the study to be clearly structured, it is important to recognise that the reliance on quanti-
tative studies may limit the analysis of subjective factors, such as user experience when
interacting with digital mental health interventions. In this sense, future research could
benefit from a mixed approach, incorporating qualitative methodologies such as in-depth
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interviews or case studies to better understand the perception, usability and adherence of
these tools in children and adolescents.

Although the registration of systematic reviews on platforms such as PROSPERO is
a recommended practice to improve transparency and prevent duplication of studies, in
this case such registration was not performed because PROSPERO prioritises systematic
reviews of clinical interventions and randomised controlled trials, while this review focuses
on digital interventions without a direct clinical intervention. Nevertheless, a rigorous
methodological approach has been followed, using PRISMA guidelines and quality as-
sessment tools such as JBI and ROBINS-I, ensuring the transparency and reliability of the
review process.

5.2. Future Lines of Research

Based on the findings and limitations identified, future research should focus on
several key aspects. First, it is necessary to conduct longitudinal studies that allow the
sustainability of the effects of digital interventions to be evaluated in the long term. Like-
wise, it is recommended to expand qualitative research to better understand the barriers
and facilitators in the adoption of these tools by users and mental health professionals. In
addition, it is essential to explore strategies to improve user retention and engagement,
including the personalization of interventions and the use of artificial intelligence to adapt
content to individual needs. Finally, further analysis is required on the implementation
of these technologies in low-resource contexts, ensuring their accessibility and equity in
access to mental health care.

Given that the studies analysed in this review focus on quantitative methodologies,
future research should explore qualitative approaches to assess in depth the user expe-
rience and health professionals’ perception of these digital interventions. Furthermore,
the application of the Cochrane model in future systematic reviews would improve the
assessment of the quality of evidence and the consistency of the results, facilitating their
integration into clinical and educational practice.
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