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Objective: This study aimed to predict elevated depression risk among Canadian
adolescents using a Random Forest model incorporating psychological, family, peer,
and school-related factors.

Methods and Materials: A cross-sectional predictive study wasconducted among 612
adolescents aged 13—18 years recruited from secondary schools in Ontario, British
Columbia, and Alberta, Canada. Depressionrisk was assessed usingthe Patient Health
Questionnaire for Adolescents, with a score of 10 or higher indicating elevated risk.
Psychological predictors included self-esteem, perceived stress, cognitive reappraisal,
and expressive suppression; family predictors included family functioning and
perceived family support; and school-related predictors included school connectedness,
peer support, academic performance, attendance, and peer victimization. The dataset
was divided using stratified sampling into an 80% training set and a 20% independent
test set. A Random Forest classifier was optimized using stratified five-fold cross-
validation and evaluated using accuracy, sensitivity, specificity, precision, F1 score,
ROC-AUC, and Brier score. Predictor importance was assessed using pemutation
importance and SHAP values.

Findings: The optimized Random Forestmodel achieved a mean cross-validated ROC-
AUC of .913, with accuracy of .851, sensitivity of.823, specificity of .864, and F1 score
of .786. In the independent test sample, the model achieved an accuracy of .877,
sensitivity of.850, specificity of.890, precision of.791, F1 scoreof.829, ROC-AUC of
.923,andBrierscoreof.1 12. Perceived stress showed the highest predictive importance,
followed by self-esteem, school connectedness, family functioning, peer victimization,
perceived family support, and expressive suppression. Higher stress, peer victimization,
and expressive suppression increased predicted depression risk, whereas higher self-
esteem, school connectedness, family functioning, and perceived support were
associated with lower predicted risk.

Conclusion: TheRandom Forestmodel demonstrated strong discrimination and stable
predictive performance, indicating that adolescent depression risk can be effectively
identified through the combined assessment of psychological, family, and school
factors.

Keywords: adolescent depression; Random Forest; machine learning; perceived stress;
self-esteem, family functioning, school connectedness, peer victimization
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1. Introduction

epression is among the most consequential mental

health concermns during adolescence because it
emerges during a developmental period characterized by
rapid biological maturation, increasing social sensitivity,
growing academic demands, identity formation, and
progressive autonomy from caregivers. Depressive
symptoms during this stage can interfere with emotional
development, interpersonal relationships, educational
engagement, health behaviors, and the transition into
adulthood. Importantly, adolescent depression is not
adequately explained by a single vulnerability. Rather, it
develops through the interaction of psychological
characteristics, family relationships, peer experiences,
school conditions, and broader social circumstances.
Contemporary research has therefore increasingly moved
toward socio-ecological conceptualizations in which
emotional difficulties are understood as the product of
multiple interacting systems rather than isolated individual
deficits. Evidence from adolescent populations has
demonstrated that mental health outcomes are associated
with characteristics extending from personal emotional and
cognitive functioning to family support, school adjustment,
social relationships, and environmental adversity (Lin &
Guo, 2024; Xu et al., 2023). This multidimensionalnature of
adolescent depression makes early identification difficult
but simultaneously suggests that prediction may be
improved when information from several domains is
analyzed jointly.

Psychological factors remain central to understanding
variation in adolescent depression risk. Adolescence is
accompanied by substantial changes in emotional
awareness, self-evaluation, coping processes, and sensitivity
to interpersonal judgment. Low self-esteem, heightened
perceived stress, ineffective emotional regulation,
hopelessness, and maladaptive coping can increase
vulnerability to depressive symptoms, particularly when
these characteristics occur simultaneously. Research on
positive youth development has conversely emphasized the
protective function of psychological resources such ashope,
goal orientation, adaptive meaning-making, and perceived
personal agency, suggesting that the absence or weakening
of such resources may contribute to poorer mental health
trajectories (Bowers & Bowers, 2023). Studies examining
adolescent mental health have similarly demonstrated that
individual characteristics interact with social conditions

rather than operating independently. For exampl,
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longitudinal research on self-determination has shown that
personal and social predictors jointly shape adolescents
psychosocial adjustment, highlighting the importance of
simultaneously considering internal capacities and
environmental resources (Kassis et al, 2023). From a
predictive perspective, this means that psychological
variables such as stress, self-esteem, coping, and emotional
regulation may provide important information, but their
predictive valueis likely to depend partly on the family and
school contexts in which adolescents function.

Depression risk is also closely embedded in family
processes. During adolescence, young people typically seek
increasing independence while continuing to depend on
caregivers for emotional security, practical support,
regulation, and validation. A family environment
characterized by warmth, cohesion, responsiveness, and
constructive communication may therefore function as a
protective context, whereas conflict, psychological control,
instability, weak connectedness,and excessive pressure may
increase emotional vulnerability. The quality of caregiver-
adolescent connectedness appears particularly important
because relational insecurity or inconsistent emotional
availability may diminish well-being even when a
relationship is not characterized by overt hostility. Recent
evidence has described fragile caregiver-adolescent
connectedness as a meaningful risk condition for reduced
psychological well-being, underscoring the importance of
relational security ratherthan simply the presence of family
interaction (Fosco & Coffey, 2026). Research on perceived
parental psychological control has likewise demonstrated
that intrusive or autonomy-restrictive parenting can be
associated with adolescent depressive symptoms,
particularly when embedded within culturally meaningful
expectations and family dynamics (Klettner et al., 2023).

Parental expectations concerning education may

represent an additional family-related mechanism
contributing to adolescent emotional distress. Academic
concerns are frequently transmitted through family
interactions, and intense parental anxiety regarding
educational outcomes may heighten adolescents' perceived
pressure, self-criticism, and fearof failure. Recent work has
shown that parental educational anxiety can contribute to
adolescent depression through psychological processes
including moral disengagement and negative coping, while
psychological resilience may buffer some of these adverse
effects (Lu et al,, 2025). Family functioning has also been
linked to severe forms of psychological distress. Research

examining suicidal ideation among adolescents has
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demonstrated that poorer family functioning can influence
vulnerability through psychological mechanisms such as
perceived defeat, while personal meaning may alter the
strength of these associations (Yang et al.,, 2022). Although
suicidal ideation and depression are distinct outcomes, their
overlap in emotional distress indicates that family
functioning is likely to be an important component of
broader risk-prediction frameworks.

Social support further connects family context with
adolescent mental health. Young people may rely on
caregivers, friends, teachers, siblings, or significant others
for emotional reassurance and instrumental assistance, but
different sources of support may not be equally protective.
Research among school-age adolescents has found
meaningfulassociations between perceived sources of social
support and depressive symptoms, emphasizing that the
social architecture surrounding young people can
substantially influence emotional outcomes (Rahmanet al,
2023). Family and sociocultural variables may also shape
depressive trajectories over time rather than simply
differentiate adolescents at a single point. Work examining
depression trajectories among immigrant adolescents has
shown that individual, family, and sociocultural factors
jointly contribute to longitudinal patterns of depressive
symptoms (Cobb & Martinez, 2023). Related family
research outside strictly adolescent samples has likewise
demonstrated that depressive symptom trajectories are
heterogeneous and may be predicted by relational,
demographic,and contextual conditions (West et al., 2022).
Collectively, this evidence supports the inclusion of family
functioning, perceived family support, family structure, and
related contextual variables when constructing modelk
intended to predict adolescent depression risk.

School represents another major ecological setting in
which adolescents spend substantial portions of their daily
lives. School experiences can contribute to mental health
through academic demands, teacher relationships, peer
climates,
attendance patterns, and perceptions of safety. A strong

interactions, social belonging, disciplinary

sense of school connectedness may provide structure,
acceptance, social identity, and access to supportive adults,
whereas alienation from school may coincide with
withdrawal, academic disengagement, and emotional
distress. Severe school avoidance canitself occur alongside
clinically significant emotional difficulties. Findings from
psychiatric outpatient settings indicate that school refusal is
a meaningful concern among children and adolescents and
that its course may be connected with broader psychiatric

w
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and psychosocial functioning (Sasaki et al, 2026).
Prospective adolescent mental health research has
consequently incorporated school-based variables into large-
scale monitoring frameworks, recognizing schools as both
environments in which risk is expressed and important
settings for prevention and early detection (Wemer-Seidler
etal, 2022).

Peer relationships are particularly influential during
adolescence because social evaluation and group belonging
become developmentally salient. Bullying and peer
victimization can contribute to emotional insecurity, social
withdrawal, loneliness, reduced school connectedness, and
depressive symptoms. Research examining the links among
subjective well-being, bullying, and mental health has
suggested that schooland sibling bullying may function as
pathways connectingbroader well-being with psychological
symptoms (Katsantonis, 2022). Machine-learning research
has also demonstrated that bullying victimization can itself
be predicted by combinations of individual, family, and
schoolcharacteristics, supporting the usefulness of nonlinear
multivariable methods for wunderstanding complex
adolescent outcomes (Qiu et al, 2024). Because peer
victimization may be both a direct psychosocialstressor and
an indicator of broader difficulties in school adjustment, its
inclusion alongside measures of school belonging, peer
support, attendance, and academic performance may
improve the identification of adolescents at heightened risk
of depression.

Depression risk may additionally intersect with health
behaviors and specific developmental or clinical
experiences. Smoking, for example, has been linked to
adolescent depression in a potentially bidirectional manner,
indicating that depressive symptoms may increase the
likelihood of smoking while smoking-related processes may
also contribute to subsequent emotionalproblems (Farooqui
etal, 2023). Certain communication difficulties can also be
associated with greater emotional burden. Research
involving children who stutter has identified factors
associated with symptoms of anxiety and depression,
illustrating how developmentalchallenges may interact with
social experiences and self-perception to influence mental
health (Bernard & Norbury, 2023). Environmentalstressors
are similarly relevant. Among adolescent refugees, age and
environmental conditions during early resettlement have
been shown to predict psychological symptoms, highlighting
how exposure to instability and contextual adversity can
shape mental health beyond traditional individual-level
explanations (Hocking & Sundram, 2022). These findings
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reinforce the broader premise that adolescent depression
develops within layered and interacting contexts.

A growing body of work has therefore shifted from
identifying isolated correlates toward data-driven
approaches capable of modeling complex combinations of
risk and protective factors. Traditional regression-based
methodsremain valuable forestimatingaverage associations
and testing prespecified hypotheses, but they may be
constrained when numerous predictors exhibit nonlinear
relationships, threshold effects, higher-order interactions, or
substantial intercorrelation. Machine-learning algorithms
provide an alternative framework that prioritizes predictive
accuracy and can accommodate complex structures without
requiring all relationships to be specified in advance.
Random Forest is particularly suitable for this purpose
because it combines many decision trees generated from
bootstrap samples and random subsets of predictors, thereby
improving generalizability while capturing nonlinear and
interactive relationships. It can also rank variable
importance, allowing researchers to examine which
psychological, family, and school characteristics contribute
most strongly to prediction.

Recent studies have demonstrated the usefulness of
machine learning for identifying adolescent mental health
risk. A multicenter study of adolescent depression applied
machine-learning methods to identify key determinants and
showed that

heterogeneous predictors to distinguish adolescents with

predictive modeling can integrate
different levels of depressionrisk (Li et al.,, 2025). Similarly,
a data-driven investigation of rural Latine adolescents
identified determinants of depression using multivariable
analytic techniques designed to detect patterns that may be
difficult to capture through conventional hypothesis-driven
models alone (Rapp et al., 2026). Machine learning hasalso
been applied to severe adolescent mental health outcomes.
Analysis of socio-ecological and psychological variables in
a nationally representative adolescent sample demonstrated
the potential of machine-learningmethods to predict suicide
risk using information drawn from multiple contextual
domains (Azasu, 2025). Such studies illustrate a broader
transition toward predictive psychiatry in which the
objective is not merely to determine whether a factor is
statistically associated with distress, but to assess whether
combinations of wvariables can accurately identify
individuals at heightened risk.

This predictive orientation is especially relevant because
adolescent mental health presentations frequently involve
comorbidity and interacting symptom networks. Recent

Journal of Adolescent and Youth Psychological Studies 7:9 (2026) 1-17

network-based analyses of non-suicidal self-injury and its
comorbidities have emphasized the interconnectedness of
psychological symptoms and the need to conceptualize
adolescent psychopathology asa system of mutually related
difficulties rather than a set of independent conditions
(Zhangetal, 2025). Clinical protocols are also increasingly
incorporating systematic emotional screening to detect
psychological problems that might otherwise be overlooked.
For example, multicenter research involving adolescents
receiving care formild traumatic brain injury has highlighted
the importance of structured screening for emotional
symptoms across clinical settings (Nishijima et al., 2026).
These developments support the value of predictive models
that can synthesize multiple domains of information into an
individualized estimate of risk.

Nevertheless, several gaps remain. Many studies of
adolescent depression focus primarily on one domain, such
as family relationships, peer experiences, -cultural
orientation, or individual psychological characteristics,
despite evidence thatthese domainsinteract. Others rely on
traditional statistical modeling that is optimized for
explanation rather than prediction. In addition, modek
developed in one sociocultural context may not necessarily
generalize to adolescents in another educational or social
environment. Research from different national contexts has
demonstrated substantial variation in how individual,
family, and environmental variables relate to adolescent
psychological adjustment (Hocking & Sundram, 2022;
Klettner et al, 2023; Xu et al, 2023). This is especially
relevant when developing a prediction model for Canadian
adolescents, where heterogeneity in family background,
school context, social experience, and psychological
functioning makes a multidimensional analytic framework
particularly  appropriate. A  model incorporating
psychological factors such as self-esteem, perceived stress,
and emotion regulation; family factors such as functioning
and perceived support; and school-related variables such as
connectedness, academic performance, attendance, peer
support, and victimization may therefore provide a more
ecologically valid assessment of depression risk than a
single-domain model.

An additional advantage of Random Forest modeling is
its potential interpretability when combined with
permutation importance and SHAP-based analyses.
Although machine-learning models are sometimes
characterized as opaque, contemporary interpretation
techniques can quantify howindividual variables contribute
to predictions and can reveal whether higher or lower values
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tend to increase estimated risk. Such tools are particularly
useful in adolescent mental health research because
predictive performance alone offers limited practical
guidance. Identification of consistently influential predictors
may help researchers understand which domains warrant
closer attention in future screening studies, although variable
importance must not be interpreted as causal evidence. The
distinction between prediction and causation is essential
because a variable may improve classification without being
a modifiable causaldeterminant. Thus, a rigorous machine-
should

performance evaluation with transparent interpretation and

learning  approach combine out-of-sample
careful avoidance of causal overstatement.

Taken together, existing evidence indicates that
adolescent depression is embedded within an interacting
family

relationships, peer experiences, school conditions, and

system  of  psychological characteristics,
broader socio-environmental factors. The increasing
availability of multivariable adolescent mental health data
creates an opportunity to move beyond isolated associations
toward models capable of identifying patterns of combined
vulnerability. Random Forest offers a methodologically
suitable framework because it can accommodate nonlinear
associations, complex interactions, mixed predictor types,
and correlated variables while providing robust out-of-
sample classification and interpretable estimates of predictor
importance. In this context, integrating psychological,
family, and school factors within a single predictive model
may contribute to more precise identification of adolescents
who exhibit elevated depression risk and may provide a
stronger empirical foundation for future screening and
prevention research.

The aim of this study was to predict elevated depression
risk among Canadian adolescents using a Random Forest
model based on psychological, family, and school-related
factors.

2. Methods and Materials
2.1.  Study Design and Participants

This study employed a cross-sectional predictive design
using a machine-learning approach to develop and evaluate
a Random Forest model foridentifyingthe risk of depression
among Canadian adolescents on the basis of psychological,
family, and school-related factors. The study population
consisted of adolescents enrolled in public secondary
schools in Canada during the 2025-2026 academic year.

Participants were recruited from secondary schools in
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Ontario, British Columbia, and Alberta using a multistage
cluster sampling procedure intended to obtain variation in
geographic location, school characteristics, and student
backgrounds. In the first stage, school districts were selected
from participating provinces; in the second stage, secondary
schools were randomly selected within the participating
districts; and in the final stage, intact classrooms were
selected from eligible schools. A total of 658 adolescents
were initially approached, of whom 627 returned
questionnaires. After excluding 15 cases because of
substantial missing data, patterned responding, or failure to
meet the age criteria, the final analyticalsample consisted of
612 adolescents aged 13-18 years. Eligibility criteria
included being between 13 and 18 years of age, enrollment
as a full-time student in one of the participating secondary
schools, adequate English proficiency to understand the
study questionnaires, and provision of adolescent assent
together with parentalorguardian consent when required by
institutional regulations. Adolescents with cognitive or
developmental conditions that substantially interfered with
independent questionnaire completion were excluded.
Participation was voluntary and anonymous, and students
were informed that they could discontinue participation at
any time without academic consequences. Data collection
was conducted during regular school hours under
standardized conditions by trained members of the research
team. The study protocol was implemented in accordance
with ethical principles for research involving minors, and
confidentiality procedures were used throughout data
collection, data processing, model development, and

reporting.
2.2. Measures

Patient Health Questionnaire for Adolescents. Depression
risk, which constituted the outcome variable for the
predictive model, was assessed using the Patient Health
Questionnaire for Adolescents (PHQ-A), an adolescent-
adaptedform of the Patient Health Questionnaire depression
module. The instrument contains nine items corresponding
to major depressive symptoms experienced during the
preceding two weeks. Each item is rated on a four-point
scale ranging from 0 (not at all) to 3 (nearly every day),
resulting in a total score ranging from 0 to 27, with higher
scores indicating greater severity of depressive symptoms.
For the machine-learningclassification analysis, adolescents
were categorized according to clinically meaningful
symptom thresholds, with a PHQ-A score of 10 or higher
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operationalized as elevated depression risk and scores below
10 classified as lower depression risk. The PHQ-A hasbeen
extensively used in adolescent populations and has
demonstrated satisfactory internal consistency, criterion
validity, convergent validity, and diagnostic utility for
screening depressive symptoms.

Rosenberg Self-Esteem Scale. Self-esteem was assessed
using the Rosenberg Self-Esteem Scale developed by
Rosenberg. The scale consists of 10 items measuring global
positive and negative evaluations of the self. Items are
commonly rated on a four-point Likert scale ranging from
strongly disagree to strongly agree, with negatively worded
items reverse-scored before calculating the total score.
Higher total scores indicate higher levels of global self-
esteem. The Rosenberg Self-Esteem Scale is one of the most
widely used psychological measuresamongadolescents and
has demonstrated acceptable to strong internal consistency,
test—retest reliability, construct validity, and convergent
validity across diverse adolescent populations.

Emotion Regulation Questionnaire for Children and
Adolescents. Emotion regulation was measured using the
Emotion Regulation Questionnaire for Children and
Adolescents, an adolescent-oriented adaptation of the
Emotion Regulation Questionnaire. The instrument
evaluates two majoremotion-regulation strategies: cognitive
reappraisal and expressive suppression. The questionnaire
contains 10 items, including six items assessing cognitive
reappraisal and four assessing expressive suppression.
Responses are provided on a Likert-type scale, with higher
subscale scores reflecting greater habitual use of the
corresponding regulatory strategy. Ratherthan generating a
single global score, the cognitive reappraisaland expressive
suppression scores were entered separately into the
predictive model because they represent theoretically
distinct emotion-regulation processes. Previous studies
involving children and adolescents have reported
satisfactory factorial validity, internal consistency, and
construct validity for the measure.

Perceived Stress Scale. Perceived psychological stress
was evaluated using the 10-item Perceived Stress Scale
developed by Cohen and colleagues. The instrument
assesses the extent to which situationsin an individual's life
during the preceding month are experienced as
unpredictable, uncontrollable, and overwhelming. Itemsare
rated on a five-point response scale ranging from 0 (never)
to 4 (very often). Positively worded items are reverse-scored,
and item scores are summed to obtain a global perceived-
stress score, with higher values indicating greater perceived

Journal of Adolescent and Youth Psychological Studies 7:9 (2026) 1-17

stress. The scale has been widely applied in adolescent and
young populations and has demonstrated satisfactory
internal consistency and convergent and construct validity.

Family APGAR. Perceived family functioning was
measured using the Family APGAR developed by
Smilkstein. This brief instrument contains five items
representing adaptation, partnership, growth, affection, and
resolve within the family environment. Each item evaluates
the adolescent's satisfaction with a specific dimension of
family functioning. Responses are scored on a three-point
scale, and individual item scores are summed to produce an
overall family-functioning score, with higher scores
representing greater satisfaction with family relationships
and functioning. The Family APGAR has been used
extensively across age groups and cultural contexts and has
demonstrated acceptable reliability, construct validity, and
criterion-related validity.

Multidimensional Scale of Perceived Social Support.
Family-related social support was additionally assessed
using the family subscale of the Multidimensional Scale of
Perceived Social Support developed by Zimet and
colleagues. The complete instrument consists of 12 items
distributed across family, friends, and significant-other
dimensions; however, the four-item family-support
dimension was used as a family predictor in the present
study. Items are rated on a seven-point Likert scale from
very strongly disagree to very strongly agree. Higher scores
indicate stronger perceptions of emotional and practical
support from family members. Previous research has
demonstrated stronginternal consistency, factorialstability,
convergent validity, and construct validity for the instrument
and its subscales among adolescent populations.

School Connectedness Scale. Students' perceived
connection with their school environment was evaluated
using a school-connectedness measure assessing feelings of
belonging, acceptance, closeness to members of the school
community, and perceived support within school. Items
assess the extent to which adolescents feel thatthey are part
of their school, are treated fairly, feel close to people at
school, and perceive teachers and other adults at school as
caring about them. Responses are provided on Likert-type
scales, and higher aggregate scores represent stronger school
connectedness. Measures based on this framework have
demonstrated satisfactory internal consistency and construct
validity and have been extensively used in adolescent
research examiningmentalhealth, academic adjustment, and
risk behaviors.
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Multidimensional Scale of Perceived Social Support—
Friends Subscale. Perceived peer support was measured
using the four-item friends subscale of the Multidimensional
Scale of Perceived Social Support. The items evaluate
perceived availability, emotional support, assistance, and
opportunities to discuss personal problems with friends.
Responses are scored on a seven-point Likert scale, and
higher mean or total scores reflect greater perceived peer
support. The friends subscale has demonstrated strong
reliability and evidence of convergent and discriminant
validity in adolescent samples.

In addition to standardized psychological, family, and
school measures, a demographic and school-information
form was used to collect age, sex, grade level, province of
residence, family structure, parental educational level,
perceived family socioeconomic status, average academic
performance, school attendance, involvement in
extracurricular activities, and self-reported experiences of
peer victimization. These variables were considered
potential predictors because adolescent depression is
multifactorial and may be associated with individual
characteristics as well as interpersonal, family, and
educational contexts. All questionnaire scores were
computed according to the scoring procedures of their
respective instruments before preprocessing for the

machine-learning analyses.

2.3.  Data Analysis

Data analysis was conducted using Python with the
pandas, NumPy, scikit-learn, and related machine-learning
libraries. Initial data screening included examination of
missing values, implausible values, response distributions,
duplicate observations, and the proportion of missing
information for each variable. Cases with extensive
missingness were excluded, whereas limited missing values
among predictor variables were imputed within the
modeling pipeline using the median for continuous variables
and the most frequent category for categorical variables to
minimize information leakage. Categorical predictors were
transformed into appropriate numerical representations
before model estimation. Because Random Forest
algorithms do not require normally distributed predictor
variables or linear relationships between predictors and the
outcome, no transformations were undertaken solely to
satisfy parametric assumptions. Nevertheless, descriptive
statistics and distributions were examined to identify
extreme or erroneous observations. The binary outcome

Journal of Adolescent and Youth Psychological Studies 7:9 (2026) 1-17

variable represented lower versus elevated depression risk
based on the predefined PHQ-A cutoff.

The complete dataset of 612 adolescents was randomly
divided using stratified sampling into a training set
comprising 80% of participants and an independent test set
comprising the remaining 20%, thereby preserving
approximately the same proportion of adolescents with
elevated depression risk in both subsets. All preprocessing
procedures required forprediction were fitted using training
data and subsequently applied to the test data to prevent
information from the test set from influencing model
development. A Random Forest classifier was selected
because it can model nonlinear associations, accommodate
complex interactions among psychological, family, and
school predictors, tolerate correlated predictors, and perform
effectively when the wunderlying associations are
heterogeneous. The classifier was constructed as an
ensemble of decision trees generated through bootstap
sampling, with random subsets of predictor variables
considered at each split. Hyperparameters, including the
number of trees, maximum tree depth, minimum number of
observations required to split an internal node, minimum
number of observations permitted in terminal nodes, and
number of predictors considered at each split, were
optimized using randomized and grid-based searches within
the training dataset.

Model tuning and internal validation were conducted
using stratified five-fold cross-validation. The optimization
procedure primarily emphasized the area under the receiver
operating characteristic curve while also considering
sensitivity because failure to identify adolescents with
elevated depression risk was considered particularly
important in the screening context. Potentialclass imbalance
was examined before model fitting. When an imbalance
between lower-risk and elevated-risk groups was present,
class weighting was incorporated within the Random Forest
algorithm so thaterrors involving the less frequent outcome
category received greater weight during model construction.
Synthetic observations were not generated for the
independent test set, and all final estimates of predictive
performance were calculated exclusively using participants
who had not contributed to modeltrainingor hyperparameter
optimization.

The finaloptimized Random Forest model was evaluated
in the independent test set using accuracy, sensitivity,
specificity, precision, F1 score, and the area under the
receiver operating characteristic curve. A confusion matrix
was used to summarize true-positive, true-negative, false-
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positive, and false-negative classifications. Receiver
operating characteristic analysis was performed to evaluate
discrimination across alternative probability thresholds,
while predicted probabilities were additionally examined to
assess the model's ability to differentiate adolescents with
elevated versus lower depression risk. To improve the
interpretability of the machine-leaming model, predictor
importance was examined using permutation importance
and SHAP-based interpretation. Global feature importance
was used to identify the psychological, family, and school
characteristics that contributed most strongly to prediction
across the sample, whereas SHAP values were examined to
determine the direction and magnitude of individual
predictor contributions to estimated depression-risk
probabilities. Partialdependence patterns were examined for
the most influential continuous predictors when necessary to
characterize potentially nonlinear associations. Model
interpretation was restricted to predictive relationships, and
variable importance was not interpreted as evidence of
causal effects. Statistical and predictive analyses were
conducted using two-sided criteria where inferential
procedures were applicable, with a conventional
significance level of .05 used for supplementary statistical

analyses.

3. Findings and Results

The final analytical sample consisted of 612 Canadian

adolescents aged 13-18 years. The mean age of the

Table 1

Journal of Adolescent and Youth Psychological Studies 7:9 (2026) 1-17

participants was 15.46 years (SD = 1.47). Of the total
sample, 317 participants (51.8%) were girls, 286 (46.7%)
were boys, and 9 (1.5%) identified with another gender or
preferred not to specify. Regarding provincial distribution,
278 adolescents (45.4%) were recruited from Ontario, 189
(30.9%) from British Columbia, and 145 (23.7%) from
Alberta. With respect to school grade, 126 participants
(20.6%) were in Grade 8, 137 (22.4%) in Grade 9, 132
(21.6%) in Grade 10, 119 (19.4%) in Grade 11, and 98
(16.0%) in Grade 12. Most participants, 438 adolescents
(71.6%), reported living with two parents or caregivers in the
same household, whereas 126 (20.6%) lived primarily with
one parent and 48 (7.8%) reported other family
arrangements. In terms of perceived family socioeconomic
status, 86 participants (14.1%) categorized their family as
below average,387 (63.2%) asaverage, and 139 (22.7%) as
aboveaverage. A total of 358 adolescents (58.5%) reported
regular participation in atleast one extracurricular school or
community activity. Based on the predefined PHQ-A
classification criterion, 198 adolescents (32.4%) were
categorized ashaving elevated depression risk, whereas 414
(67.6%) were categorized as being in the lower-risk group.
The prevalence of elevated depression risk was 37.5%
among girls, 26.9% among boys, and 44.4% among
adolescents in the other/prefer-not-to-specify category. The
distribution of the outcome variable was therefore
moderately imbalanced but retained a sufficiently large
number of cases in both categories for stratified model

development and evaluation.

Descriptive Statistics for Continuous Study Variables According to Depression-Risk Classification

Variable Total Sample, M (SD)  Lower Risk (n =414), M (SD)  Elevated Risk (n =198), M (SD) t p
PHQ-A depression score  8.91 (6.13) 5.31 (2.72) 16.44 (4.11) 34.65 <.001
Self-esteem 27.84 (5.59) 30.21 (4.31) 22.89 (4.65) -18.65 <.001
Cognitive reappraisal 28.76 (6.18) 29.37 (5.93) 27.49 (6.50) -3.44 .001
Expressive suppression 15.44 (4.69) 14.39 (4.35) 17.64 (4.61) 8.31 <.001
Perceived stress 18.93 (6.82) 15.83 (5.10) 2542 (5.21) 2145 <.001
Family functioning 6.83 (2.16) 7.42 (1.78) 5.59(2.37) -9.64 <.001
Perceived family support  20.47 (5.65) 22.01 (4.88) 17.25 (5.79) -9.99 <.001
School connectedness 3.62 (0.78) 3.88 (0.64) 3.08 (0.78) -12.55 <.001
Perceived friend support 19.88 (5.75) 2091 (5.21) 17.73 (6.23) -6.22 <.001
Academic performance 78.61 (10.76) 80.44 (9.72) 74.78 (11.81) -5.86 <.001
School attendance (%) 93.12 (5.94) 93.67 (5.43) 91.97 (6.77) -3.09 .002
Peer victimization 2.18 (1.30) 1.72 (1.01) 3.14 (1.31) 13.46  <.001

As shown in Table 1, substantial differences were
observed between adolescents classified as having lower and
elevated depression risk across psychological, family, and

school-related characteristics. The overall mean PHQ-A

score was 8.91 (SD = 6.13), although, as expected from the
classification procedure, adolescents in the elevated-risk
group reported markedly greater depressive symptom
severity than those in the lower-risk group. Among the
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psychological  variables, the elevated-risk group
demonstrated considerably lower self-esteem, with a mean
of 22.89 compared with 30.21 among lower-risk
adolescents, t = -18.65, p < .001. Perceived stress
represented one of the most pronounced group differences,
with adolescents at elevated risk reporting a mean stress
score of 25.42 compared with 15.83 in the lower-risk group,
t=21.45, p<.001. Elevated-risk adolescents also reported
greater  expressive  suppression, whereas cognitive
reappraisalwas lower in this group. Although the difference
in cognitive reappraisalwas smaller than those observed for
stress and self-esteem, it remained statistically significant, t
=-3.44, p=.001. Clear differences were also evident in the
family domain. Adolescents with elevated depression risk

reported poorer family functioning and substantially lower

Table 2
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perceived family support than their lower-risk counterparts.
Similarly, all examined school and peer indicators differed
significantly between the two groups. The elevated-risk
group reported lower school connectedness, lower perceived
friend support, lower academic performance, and lower
school attendance, together with substantially greater peer
victimization. These descriptive comparisons indicated that
elevated depression risk was accompanied by a broad pattem
of psychological vulnerability and weaker family and school
resources; however, because the primary objective of the
study was predictive rather than causal, these univariate
differences were used primarily to characterize the sample
and were not interpreted as evidence that any individual

factor independently caused depression risk.

Random Forest Hyperparameter Optimization and Cross-Validation Performance in the Training Sample

Model Component/Performance Index Result
Training sample size 490
Lower-risk cases in training sample 332
Elevated-risk cases in training sample 158
Number of trees (n_estimators) 800
Maximum tree depth 12
Minimum samples required to split a node 5
Minimum samples per terminal leaf 2
Number of predictors considered at each split Square root of total predictors
Bootstrap sampling Yes
Class weighting Balanced
Cross-validation procedure Stratified five-fold
Mean cross-validated accuracy .851

SD of cross-validated accuracy .021
Mean cross-validated sensitivity .823

SD of cross-validated sensitivity .034
Mean cross-validated specificity .864

SD of cross-validated specificity .026
Mean cross-validated precision 754

SD of cross-validated precision .039
Mean cross-validated F1 score 786

SD of cross-validated F1 score .028
Mean cross-validated ROC-AUC 913

SD of cross-validated ROC-AUC .018

Following stratified allocation, 490 adolescents were
included in the model-development sample, comprising 332
lower-risk and 158 elevated-risk cases. Hyperparameter
optimization within the training data identified a Random
Forest configuration consisting of 800 decision trees, a
maximum depth of 12, a minimum of five observations
required for an internal node split, and a minimum of two

observations per terminal node. The square root of the total

number of available predictors was considered at each
candidate split, bootstrap resampling was enabled, and
balanced class weights were applied to reduce the influence
of the unequal prevalence of the two outcome categories.
Five-fold

predictive performance across resampled training subsets.

stratified cross-validation indicated stable

The mean cross-validated accuracy was .851 (SD = .021),

indicating that approximately 85% of cases were correctly
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classified during internal validation. Mean sensitivity was
.823 and mean specificity was .864, suggesting that the
model maintained relatively balanced detection of elevated -
risk adolescents and correct identification of lower-risk
adolescents. The mean precision of .754 indicated that
approximately three quarters of adolescents classified by the
algorithm as elevated risk were genuinely members of the
elevated-risk category, while the mean F1 score of .786
demonstrated a satisfactory balance between precision and
sensitivity. Most importantly, the mean cross-validated

Table 3
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ROC-AUC was 913 (SD = .018), indicating strong
discrimination between adolescents with elevated and lower
depression risk. The small standard deviations across the
five folds, particularly for accuracy and ROC-AUC,
suggested that model performance was not dependent on a
single favorable partition of the training sample.
Consequently, the optimized Random Forest configuration
was retained without further modification and was
subsequently evaluated using the completely independent
test sample.

Predictive Performance of the Final Random Forest Model in the Independent Test Sample

Performance Measure Value
Test sample size 122
Lower-risk cases 82
Elevated-risk cases 40
True positives 34
False negatives 6
True negatives 73
False positives 9
Accuracy .877
Sensitivity .850
Specificity .890
Precision 791
Negative predictive value .924
F1 score .829
ROC-AUC 923
Brier score 12

The optimized Random Forest model demonstrated
strong generalization when applied to the independent test
sample of 122 adolescents who had not been used during
model fitting or hyperparameter selection. Of the 40
adolescents with elevated depression risk, 34 were correctly
identified, whereas 6 were incorrectly classified as lower
risk. Of the 82 adolescents belonging to the lower-risk
group, 73 were correctly classified and 9 were incorrectly
classified as elevated risk. Thus, the model correctly
classified 107 of the 122 test observations, corresponding to
anoverall accuracy of .877. Sensitivity was .850, indicating
thatthe model identified 85.0% of adolescents who met the
predefined criterion for elevated depression risk. Specificity
was slightly higher at.890, showing that 89.0% of lower-risk
adolescents were correctly recognized assuch. Precision was
791, meaning that 79.1% of adolescents predicted by the
model to have elevated depression risk were actually
members of the elevated-risk category, while the negative
predictive value of.924 indicated that adolescents classified

10

as lower risk were correctly classified in more than 92% of
cases. The F1 score of .829 further confirmed a favorable
balance between sensitivity and positive predictive
precision. The ROC-AUC was .923,demonstrating excellent
overall discriminative ability across possible probability
thresholds rather than at only one selected classification
cutoff. The Brier score was .112, indicating reasonably
accurate probabilistic predictions, with relatively small
discrepancies between predicted probabilities and observed
outcomes. The similarity between cross-validation ROC-
AUC in the training data ((913) and ROC-AUC in the
independent test sample (923) provided no indication of
substantial performance deterioration when the model was
applied to previously unseen observations. Taken together,
the test results demonstrated thatthe Random Forest model
was capable of distinguishing adolescents with elevated
versus lower depression risk with high discrimination while
maintainingan acceptable balance between missed elevated-
risk cases and false-positive classifications.
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Permutation Importance and SHAP-Based Interpretation of Predictors in the Final Random Forest Model

Rank Predictor Permutation Mean Absolute SHAP Predominant Association With Predicted Depression
Importance Value Risk

1 Perceived stress .146 .083 Higher values associated with higher predicted risk

2 Self-esteem 118 .069 Higher values associated with lower predicted risk

3 School connectedness .091 .055 Higher values associated with lower predicted risk

4 Family functioning .078 .047 Better functioning associated with lower predicted risk

5 Peer victimization .070 .042 Greater victimization associated with higher predicted

risk
6 Perceived family .063 .038 Higher support associated with lower predicted risk
support

7 Expressive suppression  .055 .034 Greater suppression associated with higherpredicted risk

8 Academic performance  .048 .030 Higher performance associated with lower predicted risk

9 Perceived friendsupport  .044 .028 Higher support associated with lower predicted risk

10 Cognitive reappraisal .036 .024 Greater reappraisalassociated with lower predicted risk

11 School attendance .031 .021 Higher attendance associated with lower predicted risk

12 Family structure .022 .016 Smaller and heterogeneous contribution

Model-interpretability —analyses demonstrated that higher support generally operating in the direction of lower

depression-risk prediction reflected contributions from
psychological, family, peer, and school domains ratherthan
being driven exclusively by a single set of variables.
Perceived stress emerged as the most influential predictor,
with a permutation importance of .146 and the highest mean
absolute SHAP value (.083). SHAP patterns indicated that
higher perceived-stress scores generally shifted predictions
toward the elevated-risk category, whereas lower stress
scores shifted predictions toward the lower-risk category.
Self-esteem was the second most influential predictor, with
permutation importance of .118 and a mean absolute SHAP
value of .069; higher self-esteem consistently reduced
predicted depression risk, while lower self-esteem
contributed positively to elevated-risk predictions. School
connectedness ranked third, demonstrating that adolescents
reporting stronger feelings of belonging, acceptance, and
support within school tended to receive lower predicted
probabilities of elevated depression risk. Family functioning
and peer victimization followed in importance. Better
perceived family functioning was predominantly associated
with reduced predicted risk, whereas more frequent peer
victimization increased predicted probability. Perceived

family support also made an appreciable contribution, with

11

risk. Among the remaining psychological wvariables,
expressive suppression increased the predicted probability
of elevated depression risk, while cognitive reappraisal
generally contributed in the opposite direction. Academic
performance, friend support, and school attendance also
contributed to prediction, although their individual
importance values were smaller than those of stress, self-
esteem, school connectedness, and family functioning.
Family structure showed the smallest contribution among
the principal predictors and demonstrated more
heterogeneous SHAP effects, indicating that its predictive
relevance depended more strongly on combinations with
other variables. Overall, the feature-importance results
showed that the model's predictions were multidimensional
psychological distress and self-evaluation were highly
influential, but contextual characteristics of the family and
school environment provided substantial additional
predictive information. These importance estimates describe
the contribution of variables to prediction within the fitted
Random Forest model and should not be interpreted as
causalcoefficients or as evidence that modifying any single
factorwould necessarily produce a corresponding change in

depressive symptoms.
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Receiver Operating Characteristic Curve of the Random Forest Model for Predicting Elevated Depression Risk in the Independent Test
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The receiver operating characteristic analysis illustrated
the model's discrimination over the full range of potential
probability thresholds rather thanrelying exclusively on the
default classification threshold. The area under the curve of
923 indicated that, when one adolescent with elevated
depression risk and one adolescent with lower risk were
randomly selected, the fitted model would assign a higher
predicted probability of elevated risk to the elevated-risk
adolescent in approximately 92.3% of such pairwise
comparisons. The ROC curve remained substantially above
the diagonal line representing chance-level discrimination
across the clinically relevant range of false-positive rates.
This pattern was consistent with the observed sensitivity of
.850 and specificity of .890 at the selected classification
threshold and indicated that the strong performance of the
classifier was not an artifact of one particularthreshold. The
curve also showed that sensitivity could be increased further
by selecting a lower probability threshold if the model were
applied in a screening context where minimizing false-
negative classifications was prioritized; however, such an
adjustment would necessarily increase the number of false-
positive classifications. Accordingly, the present threshold
was retained for the primary analysis because it provided a
comparatively balanced trade-off between sensitivity and
specificity.

4. Discussion

The present study developed and evaluated a Random
Forest model for predicting elevated depression risk among
Canadianadolescents using psychological, family, peer, and
school-related variables. The findings showed that the model
achieved strong predictive performance, with a cross-
validated ROC-AUC of .913 in the training sample and an
ROC-AUC o0f.923 in the independent test sample. Accuracy
in the test sample was .877, sensitivity was .850, and
specificity was .890, indicating that the model was able to
discriminate effectively between adolescents with elevated
and lower depression risk while maintaining a relatively
balanced proportion of correctly identified positive and
negative cases. The feature-importance analyses further
that

connectedness, family functioning, peer victimization,

showed perceived stress, self-esteem, school
perceived family support, and expressive suppression were
among the most influential predictors. These findings
support the assumption that adolescent depression risk is
multidimensional and is more accurately represented by the
combined contribution of psychological and socio-
ecological variables than by any single predictor. This
general pattern is consistent with research conceptualizing
adolescent mental health as the product of interacting
individual, family, school, and environmental factors (Lin &

Guo, 2024; Xu et al., 2023).
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The strong predictive performance of the Random Forest
model is consistent with the growing use of machine-
learning approaches in adolescent mental health research.
Previous work has demonstrated that machine-learning
models can successfully integrate diverse psychological and
contextual variables to identify adolescents at elevated risk
for depression and related mental health outcomes. A
multicenter adolescent depression study reported that
machine-learming methods were useful for identifying key
determinants of depression across heterogeneous predictors
(Li et al, 2025). Similarly, a data-driven investigation of
rural Latine adolescents showed that depression could be
examined more comprehensively when multiple social,
familial, and psychological determinants were considered
simultaneously rather than in isolation (Rapp et al., 2026).
Machine learning has also been successfully applied to the
prediction of severe adolescent mental health risk using
socio-ecological and psychological information, reinforcing
the value of flexible predictive techniques for complex
outcomes (Azasu, 2025). The present study extends this
body of evidence by showing that Random Forest can
achieve high discrimination while incorporating predictors
from several developmentally relevant domains.

Perceived stress emerged asthe most influential predictor
in the finalmodel. Adolescents with elevated depression risk
had substantially higher perceived-stress scores than
adolescents in the lower-risk group, and SHAP-based
interpretation showed that increasing stress scores
consistently shifted model predictions toward elevated
depression risk. This finding is theoretically plausible
because adolescence is characterized by cumulative
exposure to academic pressure, interpersonal concerns,
identity-related challenges, and increasing expectations for
autonomy. When adolescents perceive these demands as
unpredictable or difficult to control, sustained psychological
strain may increase vulnerability to depressive symptoms.
Research examiningbroad risk factors foradolescent mental
health has similarly identified stress-related and contextual
burdens as important contributors to psychological
difficulties (Lin & Guo, 2024). Environmentaladversity has
also been associated with greater psychological symptoms
among adolescent refugees, illustrating the broader
relevance of accumulated stress exposure to adolescent
mentalhealth (Hocking & Sundram,2022). The importance
of perceived stress in the current model therefore supports
the view that subjective appraisal of life demands may be

particularly informative for identifying depression risk.
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Self-esteem was the second most influential predictor,
with lower self-esteem strongly associated with elevated
predicted risk. Adolescents in the elevated-risk group
reported substantially lower self-esteem than their lower-
risk peers, and higher self-esteem contributed consistently to
lower predicted probabilities of depression. This pattern is
consistent with developmental theories emphasizing the
importance of self-concept during adolescence, a period in
which social comparison, peer evaluation, academic
performance, and identity formation may substantially
influence how young people evaluate themselves. Low self -
worth may increase vulnerability to negative interpretations
of stressful events and reduce perceived capacity to cope
with interpersonal or academic problems. Conversely,
psychological resources such ashope, agency, and adaptive
self-evaluation may support positive youth development and
protect against emotionaldistress (Bowers & Bowers, 2023).
The present findings suggest that global self-esteem carries
substantial predictive information even when family and
school variables are simultaneously included in the model.

School connectedness was the strongest school-related
predictor and ranked third overall. Adolescents with elevated
depression risk reported markedly lower school
connectedness, and higher connectedness generally shifted
predictions toward the lower-risk category. This result
supports the view that school is not merely an educational
setting but also a central social environment that can either
strengthen or weaken adolescent psychological adjustment.
Feeling accepted, valued, and supported at school may
provide adolescents with socialidentity, access to supportive
adults,and a sense of belonging, whereas disconnection may
coincide with withdrawal, academic disengagement, and
reduced help-seeking. The relevance of school functioning
is consistent with longitudinal and school-based research
emphasizing the importance of educational contexts in
adolescent mental health (Werner-Seidler et al, 2022).
School

disengagement from school can coexist with significant

refusal research also demonstrates that
psychiatric and emotional difficulties and may represent a
broader indicator of impaired psychosocial functioning
(Sasakiet al., 2026). The current findings therefore suggest
that school connectedness may be a particularly important
contextual marker of adolescent depression risk.

Family functioning also made a substantial contribution
to prediction. Adolescents in the elevated-risk group
reported poorer family functioning, and better family
functioning was associated with lower predicted risk. This
result is consistent with research showing thatthe quality of
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family relationships plays a central role in adolescent

emotional adjustment. Fragile caregiver-adolescent
connectedness has been associated with diminished well-
being, indicating that adolescents may be psychologically
vulnerable when relational security is inconsistent even in
the absence of severe family conflict (Fosco & Coffey,
2026). Family functioning hasalso been linked with suicidal
ideation through psychological processes such as defeat,
demonstrating that family dynamics can influence severe
forms of emotionaldistress (Yang et al.,, 2022). The current
study did not examine causal pathways, but the predictive
contribution of family functioning suggests that relational
quality provides information beyond individual
psychological factors alone.

Perceived family support was similarly associated with
lower depression risk and remained among the more
influential predictors in the Random Forest model. This
finding aligns with evidence showing that perceived suppott
from family members is associated with lower levels of
depressive symptoms among adolescents (Rahman et al,
2023). Supportive family relationships may facilitate
emotionaldisclosure, problem solving, coping, and access to
practical assistance during periods of academic or
interpersonal stress. The findings also complement research
demonstrating that family and sociocultural variables
contribute to heterogeneity in adolescent depressive
trajectories (Cobb & Martinez, 2023). Together, the results
concemning family functioning and family support suggest
thatstructuralaspects of family life may be less informative
than adolescents’ perceptions of relationship quality,
responsiveness, and support.

Peer victimization also emerged as an important
predictor, with higher victimization associated with greater
predicted depression risk. Adolescents classified as elevated
risk reported substantially higher levels of peer victimization
than those in the lower-risk group. This finding is consistent
with literature linking bullying to poorer mental health,
reduced subjective well-being, and emotional symptoms.
School and sibling bullying have been shown to mediate
relationships between well-being and mental healh
problems, emphasizing that repeated interpersonal
victimization can function as a meaningful psychological
stressor (Katsantonis,2022). Machine-learning research has
also demonstrated that bullying victimization can itself be
predicted from combinations of individual and contextual
characteristics, suggesting that peer difficulties are
embedded within broader social systems (Qiu et al.,, 2024).

The present results further indicate that peer victimization
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contributes independently to predictive classification even
when stress, family functioning, and school connectedness
are included in the same model.

Expressive  suppression  was  another relevant
psychological predictor, with greater suppression tending to
increase predicted depression risk. Adolescents in the
elevated-risk group reported higher use of expressive
suppression, whereas cognitive reappraisal was lower and
contributed more modestly to prediction. This pattern is
compatible with the broader literature on maladaptive
coping and emotion regulation. When adolescents
repeatedly inhibit emotional expression without modifying
the underlying emotional experience, negative affect may
remain unresolved and interpersonal support may become
less accessible. Related research has shown that negative
coping can operate within pathways linking parental
educational anxiety to adolescent depression, while
resilience can buffer these associations (Lu et al, 2025).
Although the constructs are not identical, the current
findings support the broader conclusion that emotion-
regulation strategies can contribute meaningful information
to depression-risk classification.

Academic performance, schoolattendance, and perceived
friend support had smaller but still meaningful predictive
contributions. Elevated-risk adolescents reported lower
academic performance, lower attendance, and less friend
support. These findings support an ecological interpretation
in which depression risk is reflected not only in internal
distress but also in reduced engagement with school and
social networks. Educational disengagement may function
both as a correlate and as a behavioral manifestation of
emotional difficulty. At the same time, supportive
friendships may provide opportunities for emotional
disclosure and social buffering. Research on social suppoit
has emphasized that different sources of support can have
distinct relationships with adolescent depressive symptoms
(Rahmanetal,,2023). The present model therefore benefited
from incorporating multiple support contexts rather than
relying exclusively on family relationships.

The findings also support the importance of considering
complex combinations of predictors ratherthan interpreting
each variable in isolation. The strong out-of-sampk
performance of the Random Forest model indicates that
nonlinear patterns and interactions among psychological,
family, and school wvariables likely contributed to
classification. Such interactions may be difficult to represent
fully through conventionallinear models. This is consistent
with research showing that adolescent depression andrelated
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forms of psychopathology are often embedded in
interconnected symptom and risk networks (Zhang et al,
2025). It also aligns with work demonstrating that cultural
orientation, parental psychological control, family context,
and personal characteristics may jointly shape depressive
symptoms (Klettneretal,, 2023). The present study therefore
reinforces the value of predictive models that can
accommodate heterogeneity and complexity without
requiring all relationships to be specified in advance.

The similarity between cross-validation and independent
test performance is also noteworthy. The cross-validated
ROC-AUC of .913 andtest ROC-AUC of.923 suggest that
the final model did not experience substantial deterioration
when applied to previously unseen cases. This stability
supports the internal robustness of the prediction procedure,
although it does not establish external validity in other
Canadian populations or international samples. Similar
concerns are important in machine-learning research
because predictive models may perform well in the dataset
in which they were developed but less effectively when
applied to populations with different cultural, educational, or
demographic characteristics. Studies conducted across
different national contexts have shown that adolescent
mental health is shaped by locally specific combinations of
individual, family, and social factors (Hocking & Sundram,
2022; Xu et al, 2023). External validation is therefore
essential before the present modelcan be considered broadly
generalizable.

The findings further underscore the importance of
distinguishing predictive importance from causalinfluence.
Perceived stress, self-esteem, school connectedness, and
family functioning ranked highly in the Random Forest
model because they improved the algorithm’s ability to
classify depression risk, but this does not demonstrate that
changes in these variables would necessarily produce
changes in depression. Predictive associations may reflect
shared underlying mechanisms, reverse relationships, or
complex interactions. This distinction is especially relevant
given evidence that some adolescent mental health
associations are bidirectional. For example, smoking and
depression appearto influence one anotherover time rather
than operating in a simple one-directional sequence
(Farooqui et al., 2023). Similarly, mental health symptoms
may both result from and contribute to difficulties in school
attendance, peer relationships, and family interaction. The
present findings should therefore be interpreted as
identifying useful markers of elevated risk rather than
establishing direct causal pathways.
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5. Conclusion

The results have relevance for broader screening
approachesin adolescent mentalhealth. Recent clinical and
research protocols have increasingly emphasized systematic
emotional screening across settings where psychological
difficulties may otherwise remain undetected (Nishijima et
al, 2026). A multivariable prediction model could
potentially complement standardized screening by
identifying patterns of vulnerability across several domains
rather than relying only on a single symptom score.
However, the use of such algorithms must remain
subordinate to clinical judgment and ethically appropriate
assessment procedures. The strong sensitivity and specificity
observed in this study are promising from a methodological
perspective, but false-positive and false-negative
classifications remained present. Consequently, machine-
learning prediction should be considered a supportive

screening mechanism rather than a diagnostic substitute.

6. Limitations & Suggestions

Several limitations should be considered when
interpreting the findings. First, the study used a cross-
sectionaldesign, which prevents conclusions about temporal
ordering or causality among the predictors and depression
risk. Second, the outcome and most predictors were based
on adolescent self-report, which may introduce common-
method variance, recall bias, and socially desirable
responding. Third, depression risk was defined using a
screening threshold rather than a structured -clinical
diagnostic interview, meaning that the model predicted
elevated symptom risk rather than confirmed depressive
disorder. Fourth, although participants were recruited from
three Canadian provinces, the sample does not represent all
geographic, linguistic, cultural, and socioeconomic contexts
within Canada. Fifth, the relatively small number of
participants in some demographic categories limited the
possibility of detailed subgroup analyses. Sixth, Random
Forest feature-importance estimates can be influenced by
correlations amongpredictors,and importance values should
therefore not be interpreted as direct measures of causal
strength. Finally, although the model was tested using an
independent holdout sample, external validation in a
completely separate dataset was not conducted.

Future research should evaluate the modelin larger and
more geographically diverse Canadian samples and should
include adolescents from rural, northermn, Indigenous,

diverse communities.
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Longitudinal designs are particularly important for
determining whether the identified predictors can forecast
future onset, persistence, or remission of depressive
symptoms ratherthan merely classify concurrent risk. Future
studies should also compare Random Forest with other
machine-learning algorithms, including gradient boosting,
support vector machines, elastic-net regression, and neural-
network approaches, using standardized validation
procedures. Incorporating additional data sources such as
parent reports, teacher assessments, school administrative
records, sleep patterns, physical activity, and digital-
behavior indicators may improve prediction. External
validation and calibration analysis should be prioritized
before any practical implementation. Researchers should
also examine whether model performance differs by sex,
age, socioeconomic position, cultural background, orschool
context and should evaluate fairness metrics to identify
potential algorithmic bias. Finally, prospective intervention
studies are needed to determine whether using risk-
prediction tools improves referral, prevention, or mental
health outcomes.

In practice, the findings suggest that adolescent
depression screening may be strengthened by assessing
multiple domains rather than focusing only on depressive
symptoms. School counselors, psychologists, pediatric
providers, and youth mental health services may benefit
from routinely considering perceived stress, self-esteem,
school connectedness, family functioning, peer
victimization, and perceived support when evaluating
emotional risk. Schools may also use brief multidomain
screening procedures to identify adolescents who show
combined psychological and contextual vulnerabilities,
provided that appropriate consent, confidentiality, referral
pathways, and professional oversight are in place.
Adolescents identified as higher risk should receive further
assessment rather than being labeled on the basis of an
algorithmic score alone. Preventive programs may benefit
from combining stress-management and emotion-regulation
components with interventions designed to strengthen
school belonging, family communication, peer safety, and
access to supportive relationships. Any implementation of
machine-learning tools should prioritize transparency, data
security, equity, and the use of predictive outputs as
decision-support information rather than as a replacement

for individualized professional assessment.
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