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Abstract

Background/Objectives: Adolescence is a sensitive developmental window shaped by both
vulnerabilities and adaptive potential. From an evolutionary standpoint, mental health difficulties in
this period may represent functional responses to environmental stressors rather than mere
dysfunctions. Despite increasing interest, integrative models capturing the dynamic interplay of risk
and protective factors in adolescent mental health remain limited. This study presents a holistic,
multi-level framework grounded in ecological and evolutionary theory to improve understanding
and intervention strategies. Methods: A two-round Delphi method was used to develop and validate
the framework. Twelve experts in adolescent mental health evaluated a preliminary draft derived
from the literature. In Round 1, 12 items were rated across five criteria (YES/NO format), with
feedback provided when consensus thresholds were not met. Revisions were made using consensus
index scores. In Round 2, the revised draft was assessed across eight broader dimensions. A
consensus threshold of 0.75 was used in both rounds. Results: Twelve out of thirteen experts (92%)
agreed to join the panel. Round 1 item scores ranged from 0.72 to 0.85, with an average consensus
index of 0.78. In Round 2, ratings improved significantly, ranging from 0.82 to 1.0, with an average
of 0.95. The Steering Committee incorporated expert feedback by refining the structure, deepening
content, updating sources, and clarifying key components. Conclusions: The final framework allows
for the clustering of indicators across macro-, meso-, and micro-level domains. It offers a robust
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foundation for future research and the development of targeted, evolutionarily informed mental
health interventions for adolescents.

Keywords: Delphi technique; adolescent; mental health; social determinants of health; epigenesis;
genetic

1. Introduction

1.1. The Weight of the Issue

The impact of mental health-related problems during adolescence is profound. The challenges
faced during this critical developmental stage can significantly shape and compromise wellbeing
across the lifespan [1-3]. Adolescence is a critical period during which young individuals transition
from the protective and reassuring identification with parental figures to explore the enticing yet
challenging world of autonomy. This exhilarating but precarious phase has been described as "the
divided adolescent self" [4]. To navigate this stage successfully, adolescents must develop new
capabilities across several domains:

e  Biological skills: hormonal, sexual, and cerebral maturation processes.

e  Cognitive skills: the emergence of abstract thinking, advanced reasoning and a stable sense of
identity.

. Emotional skills: differentiation, recognition, and self-regulation of emotions.

e  Social skills: the ability to decentrate and manage social roles within (peer) groups.

The criticality of this phase and its consequences on the subsequent life path are well illustrated
by some statistics about mental health problems in this phase of life: 5-7% of adolescents experience
amood disorder, with higher prevalence in females [5]. Other prevalent conditions in this population
include ADHD, eating disorders, personality disorders, anxiety disorders, and substance abuse [5-
7].

Many mental disorders first manifest during developmental age, with a peak incidence around
14.5 years old [8]. This allows for the identification of a temporal continuum that begins with
phobias/separation anxiety/autism spectrum disorder/ADHD/social anxiety (8-13 years), followed by
anorexia nervosa/bulimia nervosa/obsessive-compulsive/binge eating/cannabis use disorders (17-22
years), schizophrenia, personality, panic and alcohol use disorders (25-27 years), and finally post-
traumatic/depressive/generalized anxiety/bipolar/acute and transient psychotic disorders (30-35
years), with overlap among groups and no significant clustering [8]. Furthermore, there is an age and
sex dimension to consider. Before puberty, among those with mental disorders, there is a
predominance of boys, and neurodevelopmental disorders are the most common. After puberty,
there is a predominance of girls, with depression, anxiety, and eating disorders being more prevalent.

Beyond specific psychiatric diagnoses, professionals working with adolescents frequently
encounter issues such as self-harm. This behavior affects at least 10% of adolescents at some point in
their lives, being more prevalent in females and during late adolescence [9].

Another devastating problem is suicide and attempted suicide [10,11]. Suicide attempts impact
approximately 2.5% of adolescents, with significant variability across cultural contexts [12-14].
Although lower in frequency compared to other age groups, suicide among adolescents is most
prevalent in late adolescence and ranks as the second leading cause of death among individuals aged
10 to 24 in the United States [15].

If the intent is prevention, it is critical to note that 1 in 4 young people are dissatisfied with their
lives. Major concerns include inability to cope with stress, academic or school-related problems, body
image issues, family conflicts, bullying and cyberbullying, difficulties in social interactions and
external judgment, exemplified by the pervasive belief, "If I'm not perfect, then I'm worthless" [16,17].

Three main factors appear to increase the risk of suicidality among adolescents [18]:
psychological factors (depression, anxiety, previous suicide attempt, drug and alcohol use, and other
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comorbid psychiatric disorders); stressful life events (family problems, peer conflicts, child abuse,
academic stressor); and personality traits (such as neuroticism, impulsivity, low self-esteem).

On the other hand, the needs of adolescents with suicidal behaviors that may have an impact on
preventing suicide can be categorized as [19]:

e the importance of connecting with other people,

e adolescents' self-help strategies and personal growth after self-harm,

e  aspects of mental healthcare, such as access to appropriate youth mental health care,

e  school or study programs, such as alleviating the pressure of exams, having someone to talk to
about issues apart from the teacher, reducing bullying, teachers having more awareness of
pupils having emotional difficulties,

e needs relating to society, particularly to the taboo and stigma on suicidal behavior.

1.2. Limitations of Current Approaches on Adolescents’ Mental Health

Conventional clinical frameworks on adolescents’” mental health have focused on identifying
distinct mental disorders, primarily as a foundation for guiding evidence-based treatment decisions.
However, these “distinct” disorders often reflect fully developed, prototypical, and relatively
advanced-stage syndromes typically addressed within specialized adult or secondary mental health
services globally [20]. Acknowledging the limitations of current psychiatric classification and
treatment frameworks, particularly in addressing the needs of young individuals and supporting
early intervention services, transdiagnostic clinical staging models and dimensional approaches have
emerged as more adequate alternatives [20,21].

These models, mainly focusing on the vulnerability to stress, aim to identify factors linked to the
emergence of symptoms [22,23] and mental health-related difficulties. They illustrate the relationship
between stress and the onset of (psycho)pathology, suggesting an interaction among 1) latent
endogenous vulnerability factors that, when combined with stress, exacerbate the negative effects of
stressful conditions, 2) environmental factors that affect the onset and progression of
(psycho)pathology, and 3) salutogene and protective factors that buffer or lessen the impact of stress
on pathological outcomes.

Extensive research [24] has explored risk factors for adolescents” mental health across various
dimensions, including genetics, individual psychological processes, neurocognitive development,
local environment (i.e.: substances of abuse, bullying, family dynamics, neglect and childhood
trauma, poor academic progression, school failure, school avoidance, household economy, degree of
poverty, crime, income level, density of social networks, neighbourhood quality, quality of buildings,
shared culture and values, etc...). On the other hand, research on developmental resilience has
pointed out that there may be several resilience factors that provide transdiagnostic protection
against the effects of adverse experiences on the risk for psychopathology and promote mental health
and positive development in general and among adolescents at risk for psychopathology [25]. The
interrelationship between macro-social factors and adolescents” mental health outcomes has garnered
increasing attention in psychological and sociological research. Here, the role of social support
networks cannot be understated. Supportive relationships with family, peers, and mentors can buffer
against the negative effects of social inequalities. Young individuals with strong support systems
often exhibit better emotional resilience and coping mechanisms, which can enhance their overall
psychological health [26]. At the individual level, physical activity [27,28], a healthy diet [29,30], and
regular sleeping habits [31] also represent important protective factors for adolescents” mental health.

Despite the amount of research, significant gaps remain in providing integrative frameworks
capable of capturing the interplay between risk and protective factors in adolescents” mental health
from an evolutionary perspective [32,33]. Adolescence represents a transitional period in which
young individuals face significant challenges related to physical, cognitive, and emotional growth,
and these challenges are partly the result of evolutionary pressures that promote survival and
reproduction. While these changes are normative, they can increase vulnerability to mental health
issues, but they can also foster the development of adaptive skills when supported by positive
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environments and healthy relationships. Adolescent mental health difficulties should not be viewed
solely as dysfunctions but also as adaptations that reflect responses to evolutionary challenges.
Furthermore, the ecological model of health emphasizes the necessity of considering multiple layers
of influence, from individual factors to broader social policies [34].

Future research should adopt a holisticc multi-level perspective that integrates all these
dimensions. Such an approach requires collaboration across disciplines to unravel the complex
interplay between genetic, individual psychological, neurocognitive, micro, medium and macro
environmental factors affecting adolescent mental health. By understanding these relationships,
interventions can be designed to address the root causes of mental health issues among youth,
promoting healthier development and well-being.

1.3. Proposed Focal Points and Aims

To overcome the limitations previously described, we propose five key areas of focus as a
foundation for conceptualizing a multi-level framework on adolescent mental health, as follows:

e The “Social” Brain during adolescence: investigating how social relationships shape and
influence neural mechanisms and behaviors.

e  Social determinants, macro-social and environmental factors: examining their influence on
adolescents’ behaviors and mental health.

e Discrimination, social stigma and adolescents' beliefs about mental health: addressing the
effects of discrimination and mental illness stigma on adolescent mental health.

e  Online behaviors, socialization, and loneliness: examining their interactions and the role of
digital interactions with peers in shaping behaviors, social norms, social skills, self-awareness,
and mental health outcomes.

e  Pre-clinical conditions: addressing potentially risky and pre-clinical conditions by an
evolutionary approach to inform transdiagnostic clinical staging models about adolescents’
mental health.

Considering these areas allows for the development of a multi-level framework to examine the
factors influencing positive mental health, distress, and mental disorders during adolescence. This
highlights the imperative to integrate knowledge from multiple disciplines, including evolutionary
psychology, developmental psychology, developmental neuroscience, neuropsychiatry, and the
social and economic sciences. Such a multidisciplinary approach is essential to inform researchers,
policymakers, and society in steering primary research toward fostering healthier and more resilient
adolescent populations. It also aims to prevent the onset of mental disorders and improve care for
adolescents experiencing psychological distress or mental illness. For these reasons, this Delphi study
aims to reach a consensus among an international panel of experts from diverse backgrounds on the
evolving definition of such a multi-level framework.

2. Materials and Methods

A two-round Delphi methodology was applied to develop and define the framework on
adolescents” mental health and the related draft. The Delphi method is a structured approach
designed to systematically achieve expert consensus on a specific research topic through iterative
surveys [35]. Panel members (usually seven or more) provide anonymous feedback and refine their
responses based on aggregated group input. This iterative process continues until consensus or
response stability is attained. The Delphi methodology is widely employed in disciplines that rely on
expert judgment to develop and validate novel contents (i.e., guidelines, theoretical frameworks,
evaluation tools, etc...).

Following the Delphi methodology, this study was designed and implemented as follows: 1)
selection and invitation of an expert panel, 2) provision of detailed information to the panel regarding
the research question and subject matter, and 3) execution of two Delphi rounds to achieve consensus
on predefined items. The research team included 2 psychiatrists, 1 health psychologist, 1
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psychotherapist, 1 sociologist, 1 technician in psychiatric rehabilitation. It worked as a Steering
Committee to develop the initial version of the multidimensional framework on adolescents” mental
health and the resulting draft, carry out the execution of Delphi rounds, and the subsequent data
analysis.

2.1. Description of the First Draft of the Framework

Based on a critical literature overview, the research team proposed and discussed five focal
points to address some gaps in the evidence about adolescents” mental health and drafted an initial
version of the multidimensional framework. This version included a title and eleven paragraphs with
bibliographic references. It addressed the background and described evidence on the focal points
proposed (see Table 1).

This initial draft was used as a basis for the current Delphi study and refined iteratively.

Table 1. Structure of the initial draft version.

item

Title IAn evolutionary preamble towards a shared conceptual framework to understand
adolescent mental health and well-being.

1 Paragraph  [The Weight of the Issue.

2 Paragraph  |[Limitations of Current Approaches.

3 Paragraph  [The Social Brain in Adolescence and Social Functioning.

4 Paragraph  [The Role of Social and Physical Environments in Neurodevelopment.

5 Paragraph  [Status, Social Roles and well-being in adolescence.

6 Paragraph  |Attachment Avoidance and Epigenetic Modifications.

7 Paragraph The Role of Macro-Social and Environmental Factors.

8 Paragraph  |[Exploring Adolescents' Beliefs: Can Stigma Exacerbate the Impact?

9 Paragraph The Influence of Peers, Online Behavior, Leisure Activities, and Social Rhythms.

10 Paragraph  [Focus on pre-clinical conditions.

11 Paragraph [From a Shared Conceptual Framework to a Matrix of Measures for Research.

2.2. Panel Selection

A panel of experts specializing in Child Neuropsychiatry, Psychiatry, Psychology, Sociology,
Public Health, Molecular Medicine and Genetics was invited to participate. The selection was
conducted through the clinical and research network of the research team, based on high-quality
publications in the field of adolescents’ mental health. This approach aimed to ensure a diverse,
international, and representative expert panel.

2.3. Consensus Process

This Delphi study included two separate rounds to reach a consensus. The rounds were
conducted via emails sent separately to each panel member, allowing them to express their opinions
independently. Specific forms were designed, including instructions for performing the rounds and
systematically collecting their contributions.

In the first round, the panel’'s members were asked to evaluate five categories (relevance,
consistency, clarity, ease of understanding, and updating) about 12 items (the title and each of the
eleven paragraphs of the initial draft version). They could respond with YES or NO for each category
for each item. If they answered NO in three or more categories, they were given space to write
comments and propose improvements to the title or paragraph under review, supported by
bibliographic references. Once all panel members’ forms were collected, the research team calculated
consensus indexes and made all necessary modifications to the draft, strictly adhering to the panel’s
feedback and explicitly detailing the methodology used to develop the revised version of the draft.
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In the second round, the panel’s members were asked to evaluate eight categories (relevance,
consistency, clarity, ease of understanding, updating, consistency with suggested changes,
improvement compared with the initial draft, and suitability for publication of one item (the entire
corrected version of the draft). Each panel member could respond with YES or NO for each category
and comment on their responses.

The categories for item evaluation during the first round can be described as follows:

e  Relevance: the degree to which the item aligns with the research objectives and contributes
meaningfully to the topic under investigation.

¢  Consistency: the extent to which the item maintains logical coherence and aligns with the overall
structure of the research.

. Clarity: the item is well-defined, unambiguous, and structured coherently, without
contradictions or confusing elements.

e Ease of understanding: the item is accessible in terms of language complexity and
comprehensibility for readers with varying levels of expertise.

e Updating: the extent to which the item reflects the most current evidence, theories, and
advancements in the field.

In the second round, in addition to the five categories used in the first round, the following were
added:

e  Consistency with suggested changes: the extent to which the item incorporates and aligns with
the modifications proposed in the previous round.

¢ Improvement compared with the initial draft: the degree to which the item demonstrates
enhancements in clarity, coherence, and overall quality relative to the original version.

e  Suitability for publication: the item's appropriateness for dissemination, considering its scientific
rigor, completeness, and adherence to academic standards.

Each YES and NO response was assigned 1 and 0 points in both rounds, respectively. In the first
round, the maximum overall score for consensus about the items was 720 (each of the 12 items was
evaluated on five categories by 12 members, and each category could have a maximum score of 1:
12x5x12=720). In the second round, the maximum overall score for consensus about the items was 96
(the item was evaluated on eight categories by 12 members, and each category could have a
maximum score of 1: 1x8x12=96).

In both rounds, the average consensus index was calculated for the two versions of the draft
(dividing the actual overall score for consensus by the maximum overall score for consensus). The
recommended consensus index cut-off value of 0.75 was considered acceptable [36,37].

Following the first round’s results, in addition to the consensus index, the research team
considered all cases in which a panel member assigned at least three NO responses to a given item
and suggested specific modifications to the draft. In these instances, all recommendations were
accepted and integrated with those provided by other panel members. As a result, the initial version
of the draft underwent several modifications, some of which were substantial, before proceeding to
the second round.

Based on the results of the second round, in addition to considering the consensus index, the
research team reviewed all cases in which individual panel members proposed further revisions to
the draft. In such cases, all suggestions were accepted and integrated alongside those provided by
other panel members to finalize the definitive version of the draft.

3. Results

3.1. Panel Composition

Initially, 13 experts were contacted from the research team's clinical and research network.
Among them, 12 (92%) agreed to join the panel. Based on the backgrounds of its members, the panel
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includes 6 child and adolescent neuropsychiatrists, 2 psychiatrists, 2 specialists in public mental
health, 1 specialist in public health, and 1 molecular biologist and genetist.

3.2. Delphi Process

3.2.1. Round 1

All the 12 members of the panel participated in the first round. Table 2 summarizes the YES/NO
responses from panel members during the first round. As reported, five members provided YES
responses for all categories across all items. One member provided YES responses for all items except
for a single NO across the five categories related to the title. Six members assigned at least three NO
responses across the five categories for at least one item. Modifications were made to the first version
of the draft based on their recommendations.

Table 2. Summary of the Panel’ members responses — Round 1.

Paragraphs
Panel [Title [1 2 3 4 5 6 7 8 9 10 11
member
1 5YES bYES 5YES 5YES pbYES 5YES bYES 5YES 5YES 5YES 5YES 5YES
2 5YES BYES 5YES 5YES BYES 5YES bFYES 5YES 5YES 5YES 5YES 5YES
3 5YES BYES 5YES 5YES BYES 5YES bYES 5YES 5YES 5YES 5YES 5 YES
4 5YES BYES 5YES 5YES BYES 5YES bFYES 5YES bYES bYES 5YES 5YES
5 5YES bYES 5YES 5YES pbYES 5YES bYES 5YES 5YES bYES 5YES 5YES
6 4YES BYES 5YES 5YES BYES 5YES BYES 5YES SYES 5YES 5YES 5 YES
1 NO
7 5YES 5YES BYES 5YES 4YES RYES 4YES 4YES 4YES BYES 5YES [5YES
2 NO 1INO BNO [INO 1INO [1NO
8 3YES BYES BYES BYES BYES BYES UYES BYES BYES BYES BYES 2 YES
2NO RPNO RPNO PNO PNO PNO INO PNO RPNO PNO RNO BNO
9 5YES WYES 5YES UYES 4 YES BYES pYES 5YES 4YES (1 YES 4 YES [5YES
1 NO 1NO [INO RNO 1NO UNO [INO
10 2 YES BYES RYES RYES BYES RYES RYES BYES BYES 5YES BYES BYES
BNO RNO BNO BNO PNO BNO BNO RNO RNO 2NO RNO
11 4YES 4YES RYES RYES RYES RYES [1YES {1 YES 1YES 1YES [1YES [l YES
1INO [INO BNO BNO BNO BNO dNO 4NO UNO UNO UNO 4NO
12 3YES 1YES RYES RYES RYES 1YES 1YES 5NO [I1YES 1YES [1YES |5NO
2NO UNO BNO BNO BNO UNO KUNO UNO UNO 4NO

Table 3 reports the consensus assessment among the panel members during the first round. If
all twelve members agreed on an item’s consistency, for instance, it received a score of 12 out of 12.
Each item had a maximum possible score of 60.

When evaluated for the performance of the items, the score range for each item was 0.72-0.85
(43/60-51/60). The overall score was 565/720, yielding an average consensus index of 0.78. These
results suggest that the first version of the draft was generally relevant (0.86), clear (0.75), and easy
to understand (0.86). Notably, the fifth paragraph (0.72), as well as the categories “Consistency” (0.71)
and “Updating” (0.74), did not reach the recommended minimum consensus threshold (0.75).
Therefore, in revising the first version of the draft, the research team focused particularly on these
aspects.

Table 3. Consensus index about categories and items — Round 1.

item Relevance [Consitency |Clarity [Easy of UpdatingTotal |Consensus
understanding score [index
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Title 12/12 9/12 10/12 9/12 11/12 51/60 (0.85
1 Paragraph 12/12 8/12 9/12 10/12 11/12 50/60 (0.83
2 Paragraph 11/12 10/12 8/12 10/12 8/12 47/60 10.78
3 Paragraph 11/12 9/12 9/12 11/12 8/12 48/60 0.8
4 Paragraph 10/12 9/12 9/12 11/12 9/12 48/60 (0.8
5 Paragraph 10/12 9/12 7/12 9/12 8/12 43/60 |0.72
6 Paragraph 8/12 9/12 10/12 11/12 9/12 47/60 (0.78
7 Paragraph 10/12 9/12 9/12 10/12 8/12 46/60 10.77
8 Paragraph 10/12 6/12 9/12 11/12 10/12 46/60 10.77
9 Paragraph 10/12 8/12 9/12 11/12 8/12 46/60 10.77
10 Paragraph 10/12 9/12 9/12 11/12 8/12 47/60 10.78
11 Paragraph 10/12 8/12 10/12 10/12 8/12 46/60 10.77
Total score 124/144  [103/144 108/144 (124/144 106/144 [565/720(0.78
Consensus index [0.86 0.71 0.75 0.86 0.74 0.78

The revised and corrected draft adopted the editorial format of a scientific article, serving as the
basis for the second round of the Delphi process. In addition to the background, the objective was
explicitly stated, the Delphi methodology adopted was described in detail, and the results of both
rounds were reported and discussed in this version. These findings enabled the definition of a multi-
level framework on adolescent mental health.

3.2.2. Round 2

One panel member did not participate in the second round; therefore, responses were collected
from 11 members. Table 4 summarizes the YES/NO responses from all 11 panel members during the
second round. As reported, nine members provided YES responses for all categories. One member
provided YES responses for all items except for a single NO across the eight categories related to the
suitability for publication. One member assigned YES responses for all items except for two NO
answers related to updating and suitability for publication. Four members provided comments on
the text, suggesting minor revisions, and modifications were made to the draft based on their
recommendations.

Table 4. Summary of the Panel’ members responses — Round 2.

New version of the draft after Round 1

Panel RelevanfConsistentClear [Easy to Up-to- |Consistent with the Improved when compared |Suitable for
member understand |date  |changes you suggested |to the first version ublication
1 IYES IYES IYES |YES IYES IYES IYES IYES

2 IYES IYES IYES |YES IYES IYES IYES IYES

3 IYES IYES IYES |YES IYES IYES IYES IYES

4 IYES IYES IYES |YES IYES IYES IYES IYES

5

6 IYES IYES IYES |YES IYES IYES IYES IYES

7 IYES IYES IYES |YES IYES IYES IYES IYES

8 IYES INO IYES |YES INO IYES IYES INO

9 IYES IYES IYES |YES IYES IYES IYES IYES

10 IYES IYES IYES |YES IYES IYES IYES IYES

11 IYES IYES IYES |YES IYES IYES IYES IYES

12 IYES IYES IYES [YES IYES IYES IYES INO

Table 5 reports the consensus assessment among the panel members during the second round.
If all eleven members agreed on an item’s consistency, for instance, it received a score of 11 out of 11.
Each item had a maximum possible score of 88.

The item considered for the second round was the revised version of the draft following the first
round. The overall score was 84/88, yielding an average consensus index of 0.95. The range of scores
assigned by the panel members was 0.82/1.0 (9/11-11/11). The recommended minimum consensus
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threshold (0.75) was reached in all the categories. The results suggest that the new version of the draft
after Round 1 was strongly relevant (1.0), consistent (1.0), clear (1.0), easy to understand (1.0),
improved when compared to the first version (1.0), consistent (0.91), updating (0.91) and suitable to

be published (0.82).
Table 5. Consensus index about categories and item — 2 Round.
item RelevancelConsitency|Clarity [Easy of Updating |ConsistencyImprovementSuitability [TotalConsensus|
understanding iwith the  |when for scorefindex

changes compared to |publication|
lyou the first
suggested |version

New 11/11 10/11 11/11  |11/11 10/11 11/11 11/11 9/11 84/88/0.95

[version of

the draft

lafter

Round 1

Consensus{1.0 0.91 1.0 1.0 0.91 1.0 1.0 0.82 0.95

index

3.2.3. Development of the Framework on Adolescents” Mental Health

Through the two Delphi rounds, panel members evaluated the five focal points proposed for the
framework development and the draft in general. Following the first round, the Steering Committee
implemented a series of modifications, carefully incorporating all the comments, suggestions,
revisions, and integrations proposed by the panel members.

The main modifications involved a more coherent and precise distribution of the different
sections according to a Delphi study, the revision of outdated or less relevant bibliographic sources,
the selection of more impactful titles for the various paragraphs and sub-paragraphs, a more in-depth
development of certain parts that were only superficially addressed in the first draft.

The framework was developed based on the systematization of five focal points proposed by
the Steering Committee to address gaps in the existing literature, incorporating the panel’s
recommendations for integration and further elaboration following the first and the second round.
Table 6 provides a summary of the main revisions.

Table 6. Summary of the main revisions to the initial draft version.

SECTION IMAIN REVISIONS AFTER THE IMAIN REVISIONS AFTER THE
ROUND 1 ROUND 2

Title The study design has been explicitly [It has been clarified that this is an
stated in the title. international Delphi study.

|Abstract It has been added.

1. Introduction {The Weight of the Issue More specific epidemiological data |Additional epidemiological

lhave been included. The section on  [considerations regarding gender

suicide has been further elaborated. |differences and the prevalence of mental

[The bibliography has been updated.

disorders have been incorporated into the
imanuscript.

ILimitations of Current
IApproaches on
ladolescents’ mental health

The section on categorical and
dimensional models has been further
elaborated. The utility of the
evolutionary approach to adolescent
mental health in capturing the
interplay between risk and protective
factors has been explicitly stated.

[The importance of the interrelationship
lbetween macro-social factors and
adolescents’ mental health outcomes has
lbeen introduced, as well as to the
protective role of factors such as social
support, healthy diet, physical activity,
and regular sleep habits. Additionally, a
statement about the ecological model of
lhealth has been incorporated. Additional
bibliography has been introduced.

Proposed Focal Points and
IAims

The five focal points have been
separated into a dedicated sub-
paragraph. They have been more
specifically defined as the basis to

The importance of a multidisciplinary
approach for the development of a multi-
level framework on adolescent mental
lhealth has been further clarified.
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develop the framework and
described. The study objective has
been explicitly stated.

R. Methods

The Delphi methodology has been
introduced and described in detail,
specifically: the composition of the
research group and the selection of
the panel, the first version of the draft|
that formed the basis of the Delphi
study (with a figure), and the rules
for the consensus-reaching
rocedure.

B. Results

The composition of the panel, as well
as the results of the first Delphi
round and the achieved consensus
indices have been reported (also with
tables). The process through which
the framework was developed has
been presented.

[The results of the second Delphi round
and the achieved consensus indices have
lbeen reported (also with updated tables).

4. Discussion

Focal point 1: The “Social”
Brain in Adolescence

It has been divided into four sub-
sections. The section on the
lasynchronous development of the
brain has been further elaborated.
The section on attachment theory has
lbeen more clearly specified. The
bibliography has been updated.

A statement has been included with
examples of how certain disorders with a
strong genetic component, such as ADHD
and bipolar disorder, can “shape” the
patient’s environmental exposure. The
bibliography has been updated.

Focal point 2: Social
determinants, macro-social|
land environmental factors

The social determinants that most
impact adolescent mental health have
been explicitly stated. Among these,
macro-social and environmental
factors have been distinguished.
\Additional bibliography has been
introduced.

It has been further specified how macro-
social factors, such as lower family income|
or limited economic opportunities, may
increase exposure to additional stressors
such as food insecurity and unstable
lhousing. The role of social factors—such
as access to quality education and
characteristics of the neighborhood
context—on adolescent mental health has
also been explicitly addressed. Additional
bibliography has been introduced.

Focal point 3:
Discrimination, social
stigma and adolescents’
beliefs about mental
health

[The concept of discrimination and its
relationship with stigma
iphenomenon has been introduced.
The main sources of discrimination
lamong adolescents have been
described. The concept of
stigmatization and self-stigmatization|
of adolescents with mental health
problems has been more clearly
specified. Additional bibliography
lhas been introduced.

Focal point 4: Online
Ibehaviors, socialization
land loneliness

A substantial revision has been made
regarding the definition and
description of online behaviors,
particularly related to the use of
social media platforms, associated
risks, and problematic internet use.
The relationship between social
networking site use and the
iphenomenon of loneliness has been
more clearly defined. Additional
bibliography has been added,
especially supporting the relationship|
between the acquisition of emotional
land social skills through fictional
lenvironments (i.e., virtual one).

Focal point 5: Focus on
IPre-Clinical Conditions

A section on transdiagnostic clinical
staging models has been introduced.

[The part on “sub-threshold” and
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“threshold-level” disorders has been
more clearly explained. In this way,
the evolutionary approach to the
bipolar spectrum serves as an
lexample for approaching adolescent
mental health from a pre-clinical
perspective (i.e.: regarding
lhyperactivity, hyper-exploration and
novelty-seeking). Additional
bibliography has been introduced.

From a Multi-level A substantial revision has been made [The areas to be considered in the
Framework to a Matrix of [regarding how to use the framework |construction of the matrix have been more
Measures for Research through a multi-level indicators clearly defined for macro-level data on
matrix. An anchoring to the social and environmental factors,
“Rainbow model” has been medium-level data on family and
proposed, allowing for multi-level ~ jcommunity, and adolescent-level data on
lanalysis to test specific research risk and protective factors for mental
lhypotheses developed based on the |health.

framework. Additional bibliography
has been introduced.

5. Conclusion ISome conclusions have been added,
summarizing the main contents of
the study.

4. Discussion
4.1. Focal point 1: The “Social” Brain in Adolescence

Brain Development

The human brain undergoes significant maturation into the second and third decades of life [24].
Adolescent brain development is characterized by a reduction in cortical gray matter volume,
alongside increases in white matter volume and density [24,38]. These structural changes facilitate
long-range axonal myelination and enhanced neural connectivity. Concurrently, synaptic pruning
occurs within neural circuits associated with social cognition and processing [39,40]. Such
neurobiological changes underpin key developmental milestones, including acquiring abstract
reasoning [41] and establishing an independent sense of self, often achieved through a dialectical and
sometimes conflictual separation process from parental figures [42].

Particularly, neurobiological models emphasize asynchronous brain development during
adolescence, and the need to consider the interplay between limbic subcortical regions and prefrontal
top-down control systems [43]. These models highlight distinct developmental trajectories, with
limbic systems maturing earlier than prefrontal control regions. As a result, adolescents are
disproportionately influenced by the functionally mature limbic system, creating an imbalance
relative to the less mature prefrontal control system. This contrasts with children, where both systems
are still developing, and adults, where both systems are fully mature. This framework explains
nonlinear behavioral changes during development, stemming from the earlier maturation of limbic
regions compared to the delayed maturation of prefrontal control regions. Over time, with ongoing
development and experiential learning, functional connectivity between these regions facilitates top-
down regulatory mechanisms. Moreover, these models resolve the apparent contradiction between
high rates of risky behavior in adolescence, as reflected in health statistics, and the cognitive
capability of adolescents to reason and understand risks [43].

4.2. Genes and Environmental Factors

A significant amount of research has investigated genetic influences on neurodevelopment and
the interaction between genetic and environmental factors. It is relevant to identify genetic risk
markers that explain how exposure to certain environmental factors is associated with a higher
likelihood of developing a disorder or a more severe form of it. Additionally, it is crucial to highlight
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how some disorders with a strong genetic component can “shape” the environmental exposure of the
patient. For instance, ADHD is associated with higher risks of accidents, increased chances of head
injuries, or early sexual experiences [44]. Bipolar disorder is linked to increased risk-taking regarding
financial and sexual behaviors, as well as the risk of losing a job or dropping out of school earlier [45].
In this manner, genes may contribute to determining the response to environmental exposure while
also predisposing individuals to specific environmental exposures.

Other models often highlight early life experiences, such as exposure to trauma or perinatal
infections, which can emerge in adolescence as cognitive or behavioral issues. For example,
neurodevelopmental theories of schizophrenia [46] provide valuable insights into these intricate
relationships.

Moreover, links have been established between early-life trauma or maltreatment, whether
occurring perinatally or during childhood, and the later development of psychiatric disorders in
adolescence or early adulthood. Such conditions encompass eating disorders [8,47], post-traumatic
stress disorder (PTSD) [48], borderline personality disorder [49] and psychosomatic disorders like
fibromyalgia [50]. Importantly, prolonged overactivation of pain and stress response systems may
lead to hypersensitivity and reduced activation thresholds in central neural circuits [50].

Despite these advances, relatively few studies have investigated how external physical and
social environments influence neurodevelopment during adolescence, leaving a critical gap in our
understanding of these interactions.

4.3. Social Bonds and Networks

Humans have historically adapted to their environments through complex networks of
interaction. The evolutionary advantages of establishing social bonds and networks include
improved access to essential resources such as food, protection from predators, reproductive
opportunities, emotional support, and self-esteem enhancement [51]. Research on both humans and
non-human primates highlights a strong correlation between social behaviors within peer networks
and the complexity, size, and functionality of brain structures [52-54].

Recent research reveals that cognitive empathy mediates the relationship between the gray
matter volume of the dorsomedial prefrontal cortex and the size of social networks. These findings
highlight a bidirectional and dynamic relationship between social interactions and brain
development during adolescence, emphasizing the critical interplay between environmental factors
and neurodevelopmental processes [55].

High-status primates play a significant role in influencing the social roles and behaviors of
lower-status individuals. Nonhuman primates with elevated social status, as determined by the
frequency of dominance behaviors observed during ethological studies, exhibit greater functional
connectivity between social brain regions in the frontal and temporal cortices compared to their
lower-status counterparts [51]. These neurological traits enhance their ability to achieve and maintain
dominance and high social status, even when introduced to a novel group [52]. This phenomenon
suggests that humans with dominant or influential personality traits may similarly possess enhanced
capacities for social success across diverse contexts [56]. As social networks grow more complex,
mechanisms that promote alliances, rather than just dominance, become ever more essential.

4.4. Attachment Styles and Epigenetics

Because most models of social dynamics derive from studies on nonhuman primates, it is
essential to investigate how the capacity for alliance formation shapes human adolescent
development. Gender differences in alliance mechanisms, in particular, warrant further exploration.

In humans, the epigenetic processes underpinning alliance formation are highly intricate, with
attachment to primary caregivers serving as a foundational factor [57,58]. Attachment mechanisms,
extensively studied in the context of distress responses and interpersonal strategies, were initially
examined through ethological observations of mother-infant interactions conducted by John
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Bowlby's research group [59,60]. Differences in attachment styles - secure, anxious/ambivalent,
avoidant, and disorganized - remain central to understanding these processes.

Nonetheless, key aspects of the sociobiology of human adolescent groups remain
underexplored. First, modern society is evolving rapidly, leading to swift and often unpredictable
modifications in adaptive behaviors. This is especially critical during adolescence, a developmental
period characterized by heightened sensitivity to change, exploration, and self-discovery. Second,
and closely related to the first point, secure attachment may play a pivotal role in mediating behaviors
that initially appear maladaptive but could become advantageous in an ever-changing social
landscape.

The attachment theory has been reviewed extensively in light of adverse childhood events and
their impacts on brain development [61-65]. This research offers an attempt to explain epigenetic
modifications in genes associated with social stress regulation and hypothalamic-pituitary-adrenal
(HPA) axis functioning. Furthermore, it contributes to highlighting that secure attachment is a
significant predictor of well-being in youth, fostering enhanced resilience to adversity and greater
adaptive functioning [66], as well as the critical role of insecure attachment styles in mediating the
onset of mental health problems during key developmental stages. Although attachment styles are
primarily defined in early childhood, they become especially relevant during adolescence, a period
when individuals develop skills to establish their social roles. Consequently, studying attachment
styles during this critical stage is essential to understanding how adolescents navigate the
complexities of contemporary social environments.

4.5. Focal Point 2: Social Determinants, Macro-Social and Environmental Factors

The influence of social determinants on individual behavior and health has a long tradition [67].
Socioeconomic status (SES), and poverty [68], war, conflicts [69] and migrations [70], family
environment and parental relationships [71], social relationships and peer influence [72], school
experiences and education [73], living environment and community context [74], social
discrimination and stigma [75], gender and sexual identity-based inequalities [76], access to
healthcare and psychological support services [77] are often interconnected and influence adolescent
behaviors, shaping their choices, habits, and health risks.

Among these determinants, peer-to-peer interactions play a critical role in adolescents’ risk-
taking behaviors. Observing peers engage in risky actions, such as reckless driving, increases the
likelihood of adolescents adopting similar behaviors [78,79] and negatively impacts cognitive
reasoning performance [80].

However, broader "macro-social" factors also significantly influence behaviors. For instance, the
impact of poverty on social behaviors and psychological distress during adolescence is well-
documented [81]. Children and adolescents from lower-income families often encounter multiple
stressors, including food insecurity and unstable housing, which can adversely affect their
psychological well-being. Conversely, improving economic conditions can lead to unexpected
outcomes, such as the rise in adolescent suicides in Ireland during the early 2000s, which aligns with
theories of goal-striving stress [82]. Closely related to poverty, another macro-social factor of interest
is social inequality [83,84]. Considering social inequality allows for a better examination of how
individual agentic capacities develop in interaction with the structural opportunities and constraints
of social contexts, ultimately shaping adolescents” developmental trajectories [85].

Studies indicate that social inequalities, such as varying income levels and economic
opportunities, significantly influence mental health trajectories in younger populations [83].
Additionally, the impact of neighborhood context on mental health is crucial. Areas with high levels
of crime, limited access to healthcare and recreational facilities, and fewer positive models can create
environments that hinder positive mental health outcomes [86].

Another critical determinant of adolescents” mental health is access to quality education. It not
only provides essential knowledge and skills but also fosters social connections and self-esteem.
Research has shown that educational attainment correlates with mental health outcomes, as
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individuals with higher levels of education generally report lower incidences of anxiety and
depression. Conversely, educational disparities can exacerbate issues of social inequality, leading to
a cycle where disadvantaged youth are more vulnerable to mental health disorders.

Physical features of the environment further complicate the interplay between several factors on
adolescents” mental health. The effects of pollution and climate change on adolescent behavior and
mental health are emerging areas of study. A recent systematic review examined the impact of
various pollution dimensions on adolescent mental health [87]. The authors concluded that exposure
to air and water pollution was associated with heightened symptoms of depression, generalized
anxiety, psychosis, and disruptive or impulse-control disorders. Moreover, exposure to lead and
solvents was linked to neurodevelopmental impairments. These findings underscore the significant
mental health risks posed by pollution exposure among adolescents.

Connected to these concerns are the anxiety and stress associated with adolescents” awareness
and beliefs regarding pollution and climate change. To what extent can these beliefs act as a source
of resilience, and to what degree do they function as risk factors? [88]. Social changes in human
populations are highly complex. Traits considered maladaptive in "stable" environments may become
adaptive in rapidly changing circumstances, especially in the context of shifting environmental
conditions such as altered biorhythms, light and noise pollution [89]. These considerations are
particularly relevant to adolescence, a life stage characterized by heightened sensitivity to novelty
[90].

4.6. Focal Point 3: Discrimination, Social Stigma and Adolescents’ Beliefs About Mental Health

As is well known, discrimination is the tangible manifestation of exclusion, denial of rights, or
unfair treatment. At its core lies stigma, a social and cultural process that reinforces stereotypes and
prejudices, shaping perceptions of certain individuals as inferior or different. Many adolescents
experience several kinds of discrimination and social stigma, such as ethnic [91], gender-based [92],
sexual orientation-related [93], weight-related [94], and it may develop mental health issues such as
avoidance behaviors, aggression, suicide behaviors or substance use as coping mechanisms.

The stigmatization of young people with mental health disorders is a pervasive and disabling
issue, affecting both children and adults. It was pointed out that, while some variation can be
observed based on diagnosis and gender, stigmatization is generally unaffected by labeling and that
self-stigmatization among youths resulted in increased secrecy and a tendency to avoid interventions
[95].

To fully understand the phenomenon and develop effective preventive interventions, it is crucial
to explore not only adolescents’ beliefs about mental health but also those of parents and teachers.
Although there is a considerable amount of literature addressing public perceptions of mental illness
[96,97], particularly within the context of cultural differences [98], recent studies specifically focusing
on adolescence are relatively scarce [99,100]. Addressing this gap is vital, as distorted beliefs can lead
to stigma, self-stigma, discrimination, social isolation, and delays in seeking help.

Furthermore, considering the dialectical relationship in which adolescents usually shape their
beliefs through interactions with adults, examining the differences in perspectives among
adolescents, parents, and educators is crucial. A particularly effective and validated method involves
using briefcase vignettes. These vignettes depict hypothetical individuals exhibiting symptoms
typical of psychiatric disorders (e.g., a depressive episode or attention-deficit/hyperactivity disorder)
and encourage respondents to express their beliefs regarding the nature of the disorder, potential
causes, and recommended interventions [101,102].

4.7. Focal Point 4: Online Behaviors, Socialization and Loneliness

In 2022, up to 95% of adolescents aged 13 to 17 used social media platforms, with over a third
stating that they are on social media “almost constantly” [103]. These data are also shaped by the
COVID-19 pandemic, which has increased their consumption patterns. The Internet and social media
platforms represent a rapidly evolving space where adolescents play, have fun, create content, shape,
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compare, solve school tasks, and define their social interactions. Social media platforms support
various verbal and visual communication modes through internet-based networking, fostering social
connectivity and facilitating real-time interaction. In this context, online social interactions or merely
engaging with social networks can play a significant role in adolescents’ lives, shaping their behaviors
and influencing their interpersonal relationships. Depending on individual factors, extensive online
exposure to peer influences can heighten susceptibility to both positive and negative social pressures
[104,105]. While social networks can serve as a valuable tool for securing social support, accessing
targeted support interventions, and engaging in advocacy efforts, they can also expose adolescents
to serious risks, such as peer influence regarding sexual behavior, expand exposure to a broader
network of sexually experienced individuals [106], and cyberbullying [107].

Adolescents’ developing sense of self drives their desire for autonomy. However, their
immaturity and limited self-regulation make them more vulnerable to excessive and maladaptive
internet use. Problematic internet use is marked by uncontrolled and excessive engagement with the
internet, leading to negative physical and mental consequences. Some researchers refer to this
phenomenon as internet addiction or compulsive internet use, which negatively impacts adolescents’
physical and mental health, including poor academic performance, inadequate social adjustment,
and emotional issues, such as depression, anxiety, and loneliness [108].

A novel turn of events, beyond internet use, is now social media exposure and its impact on
socialization. Many studies have examined the relationship between general social media use and
loneliness [108,109]. Loneliness is a subjective emotional state characterized by personal
dissatisfaction, often linked to the absence or loss of social connections [110]. Individuals
experiencing loneliness are more inclined to engage in online social interactions to alleviate this
distressing emotion. Consequently, adolescents experiencing loneliness may be driven by their need
for social connection to increasingly rely on the accessible and immersive nature of the internet. This
heightened engagement with online interactions can lead to excessive internet use, potentially
contributing to the development of problematic internet use. However, findings remain inconclusive
regarding whether social networking site use alleviates or exacerbates loneliness, and this
phenomenon cannot be overlooked, particularly given the evidence suggesting that loneliness is a
strong predictor of early mortality comparable with other well-established factors like cigarette
smoking or diabetes [111,112].

Excessive social media use among adolescents may diminish face-to-face social interactions,
potentially leading to social isolation, risk of school failure and impacting the regularity of social and
behavioral rhythms, including eating, sleeping, aerobic fitness and spending time with friends, with
an elevated risk of depression. Prolonged exposure to blue light from screens can negatively impact
sleep quality, which is closely linked to depressive symptoms [113].

Furthermore, a critical issue arises that cannot be overlooked. The acquisition and refinement of
adolescents” emotional and social skills could be influenced by fictional environments and scenarios,
such as those found in TV series, video games, and virtual spaces [114,115]. Supported by concrete
evidence, it has been hypothesized that immersive virtual reality may exert a great influence on the
acquisition of social behaviors due to the intense activation of the mirror neuron system during
exposure to a virtual environment [116]. As a result, the assimilation of behaviors, such as violent
ones, through mediums such as video games could disproportionately emphasize reinforced stimuli
without adequately conveying the emotional repercussions that are inherent in direct peer
interactions during adolescence.

4.8. Focal Point 5: Focus on Pre-Clinical Conditions

Mental health promotion among adolescents needs to identify and focus not only on “full-blown
cases” of mental disorders but also on potentially high-risk and pre-clinical conditions.
Acknowledging the limitations of existing psychiatric classification and treatment frameworks
concerning mental health in young populations and early intervention services, transdiagnostic
clinical staging models have emerged as a promising alternative [20]. These models try to extend
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beyond the linear progression of illness to incorporate broader dimensions of disease expansion, as
reflected in the development of mental or physical comorbidities, increasing clinical complexity, or
significant alterations in associated biological markers.

Progressive clinical stages are delineated based on conventional symptom profiles that
differentiate between “sub-threshold” and “threshold-level” disorders despite both necessitating
clinical evaluation and possible intervention. In this way, they focus on positioning individuals along
a continuum of illness to enhance treatment selection and deepen the understanding of illness
trajectories, including patterns of continuity, discontinuity, and etiopathogenesis.

This approach is particularly relevant for addressing help-seeking behaviors and the mental
health challenges prevalent during the critical developmental stages of adolescence, which often
represent the peak age range for onset.

Furthermore, for similar reasons previously outlined regarding beliefs about mental illness, the
identification of potentially risky and pre-clinical conditions should be explored not only among
adolescents but also among their parents and teachers. A previous European multi-center study
involving school-age children (but not adolescents) found significant discrepancies between parents,
children, and teachers in recognizing pre-clinical conditions. These divergences were particularly
pronounced in identifying children with a high probability of experiencing internalizing disorders
[117]. Given the natural distancing and independence-seeking behaviors of adolescents, these
discrepancies may become even more pronounced during this stage of development [118].

Transdiagnostic clinical staging models are also relevant from a public health perspective. They
allow for the distinction between early risk factors (e.g., childhood maltreatment,
neurodevelopmental disorders with childhood onset), some of which can be mitigated through
broad, population-level health initiatives, and mild clinical states that are unlikely to progress to more
severe illness and may benefit from general supportive interventions. Additionally, they should
differentiate these from attenuated syndromes, which carry a higher risk of progression and may
necessitate prompt active intervention or targeted secondary prevention strategies [119].

Interestingly, and in line with this approach, the concept of “sub-thresholds” could also be
considered from an evolutionary standpoint when applied to the broad bipolar spectrum.
Understood, in a neo-Kraepelinian framework, the bipolar spectrum encompasses a much wider
range than currently acknowledged by prevailing nosographies [120], with particular relevance to
adolescence. It has been hypothesized that traits and behaviors associated with hyperactivity, hyper-
exploration and novelty-seeking, including, thus, sub-threshold conditions for bipolar disorders,
exist on a continuum. This continuum spans from adaptive behaviors, such as those observed in
athletes during performance, to nonspecific stress states that may precede the onset of
psychopathological disorders, not exclusively bipolar disorders. For instance, the "DYMERS
syndrome" [121] illustrates this progression, which can ultimately extend to fully developed bipolar
disorders.

Research further suggests that individuals with hyperactivity traits may respond to stressors
associated with social crises by exhibiting innovative and transformative behaviors, which can lead
to adaptive social outcomes [89,122]. Supporting this hypothesis, a study conducted on healthy,
socially well-adjusted individuals participating in a trial to promote well-being through physical
exercise [123] revealed that hyperactivity traits, in the absence of psychopathology, were associated
with genetic variants typically linked to a bipolar disorder [124]. Ultimately, subthreshold manic
symptoms may confer adaptive advantages in specific contexts, particularly when individuals face
novel stressors requiring creative problem-solving [89,122].

This perspective challenges the prevailing view that subthreshold symptoms primarily
represent vulnerability factors for future psychopathological disorders, instead highlighting their
potential for adaptive functionality.

4.9. From a Multi-Level Framework to a Matrix of Measures for Research
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Rather than creating a “puzzle” where individual pieces are merely fitted together, a multi-level
framework on adolescents” mental health could provide a foundation for examining the dynamic
interactions among various social, community, and individual factors. Building on the previously
discussed focal points, we propose considering these levels of information and data, summarized
below:

1. Macro-level data on social and environmental factors in the sample areas:

relative poverty volume

income inequality

education access

healthy food availability

economic opportunity

structural and social discrimination
conflicts and war

pollution conditions

O O 0 0O 0O 0 0O O ©o

climate changes
2. Medium-level data on family and community:

family environment and parental relationships
social support, relationships and peer influence
school/education environment

neighborhood, housing, and community context
access to communication and leisure activities

O O O O O O

access to healthcare and psychological support services
3. Adolescent-level data on risk and protective factors for mental health:

o  epigenetic indicators on neurodevelopment (i.e.: genomic imprinting and parental
epigenetic regulation; alterations in the methylation of genes involved in
neurodevelopment, etc...)

attachment style

cognitive, emotional and social skills

physical activity and sedentary habits

diet and eating habits

sleep habits

perceived satisfaction with social and family context

perceived satisfaction with school interactions

perceived satisfaction with social interactions and peer relationships

O 0O 0 0O 0 0 0O 0 O

perceptions of environmental and climate changes, including fears and concerns about the
future

online behaviors

perceived loneliness

perceived quality of life and satisfaction with life

beliefs, attitudes, and perceptions about mental health

O 0O O O ©O

mental health status, using a dimensional/syndromic/evolutionary approach

Even if not exhaustive, this synthesis can enable the development of a matrix of indicators and
measures to systematically capture these data and facilitate a holistic understanding of how various
factors interact. This matrix, in turn, could allow multilevel analyses to consider the relationships
between macro-, medium-, and micro-level factors chosen as determinants, as well as between each
level on one side and different outcomes on the other. Furthermore, the impact of each level should
be controlled for the impact of the other levels (between level analysis), and the indicators within
each level should be controlled for others at the same level.

“The Rainbow model” [125-127] is a comprehensive, multilevel framework that illustrates how
health determinants interact. This model highlights the impact of social and environmental factors
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on an individual’s risk of illness, capacity for disease prevention, and access to effective treatment.
Differently from other models, which often emphasize risk factors predominantly, the “Rainbow
model” allows considering health determinants as health-promoting (i.e.: salutogenic), protective (i.e:
vaccine), or health-damaging risks, depending on what is most appropriate with research
hypotheses. At its core, the model positions the individual, whose health is partly shaped by fixed
factors such as sex, age, and genetic predisposition. Surrounding this central element are multiple
layers of modifiable determinants, including personal lifestyle choices, social and community
networks, as well as economic, cultural, and physical environmental factors, all of which interact to
shape health trajectories. Drawing inspiration from this model, various authors have proposed and
tested several frameworks by multilevel analyses [128-130], in which layers are specified before the
analysis to define the clusters that the analyses are performed within, usually 1) micro (individual),
2) medium (community), and 3) macro (sample area). Each layer includes specific indicators and
measures, eventually declared as mediators.

We believe that a similar approach can be adopted to structure a multilevel framework, along
with a corresponding matrix of indicators and measures, for constructing and testing specific
hypotheses about the role of several mental health determinants among adolescents, exploring their
influence on different health outcomes, and to provide a robust foundation for targeted and effective
interventions.

5. Conclusions

In this study, we developed a multilevel framework on adolescents” mental health through a
two-round Delphi methodology with an international, multidisciplinary expert panel. This
framework, focused on five focal points, holistically considers biological, social, and environmental
factors related to positive mental health, distress, and mental disorders among adolescents. It also
facilitates a deeper understanding and exploration of the interaction between risk and protective
factors in adolescent mental health from an evolutionary standpoint.

The framework is designed to potentially cluster specific indicators through a multi-level matrix,
useful for conducting multilevel analyses to examine the relationships between macro-, medium-,
and micro-level factors selected as determinants, as well as between each level and various outcomes.
Future research employing this framework on adolescent mental health can develop and test specific
hypotheses regarding the role of various mental health determinants in adolescents, examining their
impact on different health outcomes, and establish a strong foundation for targeted and effective
interventions.
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