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The aim of this study was to predict the tendency to engage in
self-harm based on feelings of loneliness, through the mediation
of executive functions, in adolescents. In terms of purpose, the
research method was applied, and in terms of data collection, it
was descriptive, utilizing a correlational approach with
structural equation modeling. The statistical population
consisted of all adolescents aged 13 to 17 years in schools of
Karaj city during the 2024-2025 academic year. A sample of
400 individuals (200 girls and 200 boys) was selected using
multi-stage  cluster sampling. Participants completed
questionnaires on non-fatal self-harm, loneliness, and executive
functioning. Data were analyzed using structural equation
modeling with SPSS and Amos software.

The findings indicated that feelings of loneliness directly and
negatively affected executive functions and directly and
positively predicted the tendency to self-harm. Furthermore,
executive functions exerted a direct and negative effect on the
tendency to self-harm. Additionally, a significant indirect effect
was observed; feelings of loneliness increased the tendency to
self-harm through the weakening of executive functions. This
result provides evidence that executive functions, as a key
cognitive mechanism, mediate the relationship between
feelings of loneliness and self-harm in adolescents.
Consequently, it can be stated that feelings of loneliness
increase the tendency to self-harm in adolescents, both directly
and indirectly, by weakening the brain's cognitive and executive
functions. These findings emphasize the necessity of
simultaneously addressing psychosocial factors (such as
reducing feelings of loneliness) and neurocognitive factors
(such as strengthening executive functions) when designing
prevention programs and interventions aimed at reducing self-
harm behaviors in adolescents.
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Introduction

Adolescence, as one of the most sensitive and dynamic stages of human development, is a decisive
period for the formation of an individual’s identity and psychosocial health (Townsend et al.,
2022). This period, which coincides with biological maturation and profound neurocognitive
changes, exposes individuals to a wide range of emotional and psychological challenges (Moss et
al., 2023). However, this sensitive period also coincides with the peak prevalence of some mental
disorders and problematic behaviors that jeopardize an adolescent's future. Among these,
internalizing and externalizing mental problems contribute significantly to the morbidity of this
population, one of the most serious manifestations of which is the phenomenon of intentional self-
harm (Denissov et al., 2022). Self-harm, as a complex and maladaptive behavior, refers to the
deliberate act of an individual damaging their own body tissue without suicidal intent, which is
typically aimed at reducing or avoiding a painful and distressing experience (Leddie et al., 2022).
This behavior, which often manifests as cutting, burning, or hitting (Geulayov et al., 2022),
represents a dysfunctional coping strategy for regulating intense emotions and expressing distress
that cannot be verbalized. Diagnostic criteria for this phenomenon include repetition of the
behavior, internal motivations such as stress reduction or self-punishment, and pre-action feelings
such as severe psychological distress (Seong et al., 2021). In adolescents, this behavior is often
carried out in secret and may be accompanied by deep feelings of shame and guilt, creating a
vicious cycle of concealment and repetition. The context for the emergence of this harmful
phenomenon is often rooted in emotional and cognitive disturbances, one of the most powerful
predictors of which is the feeling of loneliness (Richardson et al., 2024).

Loneliness is an unpleasant and distressing mental experience that arises from a perceived gap
between an individual's ideal and actual social relationships (Huang & Fishbach, 2021). This
feeling does not simply mean being physically alone, but rather reflects a dissatisfaction with the
quality and depth of interpersonal relationships (Shrum et al., 2023). The criteria for loneliness
include emotional dimensions (such as feelings of emptiness and deprivation) and social
dimensions (such as perceived isolation and alienation) (Varela et al., 2022). In the school
environment, adolescents who feel lonely perceive themselves as isolated and disconnected from
their peers, even when they appear to be part of a group (Barreto et al., 2022). They report a lack
of reliable social support and difficulty in establishing intimacy, which makes them more
susceptible to emotional turmoil (Itzchakov et al., 2023). This feeling creates a chronic state of
stress that can impair a person's cognitive capacity to effectively manage emotions (Kino et al.,
2023).

In this regard, understanding the role of cognitive mechanisms that may explain the relationship
between feelings of loneliness and the tendency to self-harm is of great theoretical and practical
importance (Zheng et al., 2023). Executive functions, as a set of higher-order cognitive processes,
appear to play a key role in this relationship (Tervo-Clemmens et al., 2023). Executive functions
represent the brain's supervisory and management system, responsible for guiding, monitoring,
and controlling thoughts, emotions, and actions (Laureys et al., 2022). When these functions are
impaired (Qiu et al., 2023), an individual's ability to effectively regulate emotions and solve
problems is compromised. In the context of chronic loneliness, this impairment can exacerbate the
tendency to self-harm (Liang et al., 2022).

Among the most important of these functions is response inhibition, which is the ability to stop or
delay an impulsive response (Li et al., 2022). Deficits in this area can lead to acting without
thinking and succumbing to the impulse to self-harm (Pasqualotto et al., 2021). The second key
function is cognitive flexibility, which allows an individual to consider alternative and more
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adaptive coping strategies instead of stereotypical and maladaptive behaviors (such as self-harm)
when faced with difficult situations (Laureys et al., 2021). The third component is working
memory, which helps a person temporarily store and process emotional information to select the
most appropriate solution (Johnson et al., 2021). Disruption of this function impairs a person's
ability to recall the negative consequences of self-harm or to employ alternative solutions during
a moment of crisis (Marquez-Ramos et al., 2023). When these executive functions are impaired
due to the pressure of loneliness (Klarin et al., 2024), the adolescent lacks the necessary cognitive
resources to control impulses and regulate negative emotions and may resort to self-harm as a
quick but destructive solution (Zhu et al., 2023).

Considering the above, there is an undeniable need for research to explain the relationship between
feelings of loneliness and the tendency to self-harm, taking into account the mediating role of
executive functions. This research is vital because it can identify the underlying cognitive
mechanisms of this relationship, supported by the wealth of theoretical literature in this area. From
an applied perspective, the findings of this study could open new horizons for designing and
developing preventive programs and interventions based on strengthening executive functions.
These programs could be designed to increase adolescents' cognitive resilience to feelings of
loneliness and reduce the likelihood of engaging in self-harming behaviors. The simultaneous
focus on adolescent girls and boys between the ages of 13 and 17 also allows for the exploration
of the role of gender within this causal model. Ultimately, understanding this complex relationship
can assist mental health professionals and education system stakeholders in providing targeted and
effective services to vulnerable adolescents, thereby contributing to the improvement of mental
health for this important segment of society.

Method

This study was applied in purpose and descriptive in terms of data collection, utilizing a
correlational design with structural equation modeling. The statistical population comprised all
first- and second-year high school adolescents (girls and boys) aged 13 to 17 years in schools
located in Districts 1, 3, and 4 of Karaj city during the 2024-2025 academic year. A sample of 400
participants (200 girls and 200 boys) was selected through multi-stage cluster sampling. To this
end, first, three districts (1, 3, and 4) were selected from the education districts of Karaj city as
clusters. Then, two schools from each district were randomly selected, followed by the random
selection of three classes from each school. All students in these classes within the 13 to 17-year-
old age group were invited to participate. The sample size was determined based on Kline's (1990)
theory, which recommends 10 to 20 samples per independent parameter for complex structural
equation models.

Inclusion criteria for the study consisted of being a female or male student, voluntary participation,
and being between 13 and 17 years of age. Exclusion criteria included incomplete questionnaire
completion and unwillingness to continue cooperation. To adhere to ethical research principles
and protect participants' rights, informed consent was obtained. All participants and their parents
were provided with necessary explanations regarding the study's objectives and procedures. The
right to participate or withdraw without any coercion was emphasized for everyone. Participants
were also assured that their personal information would remain confidential in accordance with
the principle of research confidentiality, and that any published data would be analyzed
anonymously and in aggregate form.

Data analysis was performed using descriptive and inferential statistics (structural equation
modeling and path analysis) with SPSS and Amos software. The research instruments were as
follows:
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Non-Suicidal Self-Harm Questionnaire: Non-suicidal self-harm was measured using the
Farajzadeh and Sadeghzadeh (2023) questionnaire. This instrument contains 20 items and is based
on a 5-point Likert scale scored from very low (1) to very high (5). The minimum and maximum
possible scores are 20 and 100, respectively. A score below 40 indicates low self-harm, a score
between 41 and 80 indicates moderate self-harm, and a score above 80 indicates high self-harm.
Farajzadeh and Sadeghzadeh (2023) reported the reliability of this instrument in their study with
a Cronbach's alpha coefficient of 0.92. In the present study, the reliability of this instrument was
also calculated, yielding a Cronbach'’s alpha coefficient of 0.92.

Loneliness Questionnaire: The Russell et al. (1980) questionnaire was used to measure loneliness.
This tool contains 20 questions (10 positive and 10 negative items) and is based on a 4-point Likert
scale. The minimum and maximum possible scores are 20 and 80, respectively. Scores from 20 to
60 indicate a weak sense of loneliness, scores from 60 to 80 indicate a moderate to high sense of
loneliness, and a score above 80 is interpreted as intense loneliness. Russell et al. (1980) reported
the reliability of this instrument with a Cronbach's alpha coefficient of 0.89. In the present study,
the reliability of this instrument was calculated, yielding a Cronbach's alpha coefficient of 0.88.
Executive Functions Questionnaire: The Coolidge et al. (2002) questionnaire was used to measure
executive functions. This instrument consists of 19 items and is designed to be completed by a
parent. Items 1 to 8 assess decision-making and planning, items 9 to 16 assess organization, and
items 17 to 19 assess inhibition. This questionnaire employs a 4-point Likert scale. Coolidge et al.
(2002) confirmed the validity and reliability of this instrument in a population of children and
adolescents aged 5 to 17 years. In the present study, the reliability of this instrument for the
decision-making and planning, organization, and inhibition subscales was calculated as 0.82, 0.87,
and 0.63, respectively (Ghafari et al., 2018).

Findings

Demographic data are included in Table 1.

Table 1: Description of demographic variables of the statistical sample
Mutable Category A large amount of A high percentage of|
Woman 122 0.61
Gender
Man 78 39/0
Bachelor's degree 115 57/5
[Education Master's degree 62 31/0
PhD 23 11/5

The demographic characteristics of the study participants are presented in Table 1. As presented
in Table 1, the highest frequency was attributed to the female gender, with 122 individuals, and in
terms of educational attainment, 115 individuals held an undergraduate degree.

The central tendency and dispersion indices for the research variables were examined. The results
indicated that the loneliness variable had a mean of 18.52 and a standard deviation of 19.10, with
a range of 0 to 60. For executive functions, the mean was 50.3 with a standard deviation of 8.7,
ranging from 20 to 80. Regarding the tendency toward self-harm, the mean was 40.42 with a
standard deviation of 18.8, within a range of 0 to 63.
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Prior to testing the research hypotheses, the assumptions of path analysis were assessed. The
normality assumption for the data showed that the skewness index for loneliness was -0.23 and its
kurtosis was -0.55. For executive functions, skewness was -0.21 and kurtosis was -0.41, and for
self-harm tendencies, skewness was 0.13 and kurtosis was -0.53. All values fell within the
acceptable range (-2 to +2). To examine the assumption of the absence of multicollinearity among
predictor variables, the Variance Inflation Factor (VIF) and tolerance index were used. Loneliness,
with a VIF of 1.13 and a tolerance of 0.88, and executive functions, with a VIF of 1.54 and a
tolerance of 0.65, satisfied the conditions for this assumption (VIF < 2 and Tolerance > 0.1). The
independence of errors was examined using the Durbin-Watson statistic, which yielded a value of
1.79, falling within the acceptable range of 1.5 to 2.5.

Analysis of the Pearson correlation matrix revealed a negative and significant relationship between
loneliness and executive functions (r = -0.25, p < 0.01). A negative and significant relationship
was also observed between executive functions and self-harm tendencies (r = -0.39, p < 0.01).
Furthermore, a positive and significant relationship was found between feelings of loneliness and
self-harm tendencies (r = 0.32, p < 0.01).

With the path analysis assumptions satisfied, this method was employed to test the research
hypotheses. The conceptual model of the research is presented in Figure 1. Several fit indices were
used to evaluate the overall fit of the proposed model, the results of which are provided in Table
2.

Table 2 . Path analysis model fit indices

Fitness CMIN/DF RMSEA GFI AGFI CFlI NFI IFI TLI
index

Desired <5 <0.08 >0.90 >0.90 >0.90 >0.90 >0.90 >0.90
range

Observed 1.80 0.05 0.97 0.94 0.98 0.96 0.98 0.97
value

Fitness . . . . . . . .
status Desirable Desirable Desirable Desirable Desirable Desirable Desirable Desirable]

Considering the values observed for all indices listed in Table 2, which fall within the desired
thresholds, it can be concluded that the proposed model exhibits a good fit with the data.
Subsequently, the direct effects of the predictor variables within the model were examined, and
the results are presented in Table 3.

Table 3. Direct effects of predictor variables in the path analysis model

Forecast variable Variable criteria Path coefficient ( ) t value- Significance level ( p)

Feeling lonely Executive functions -0.23 -34 0.001
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Feeling lonely Tendency to self-harm 0.17 3.3 0.001

Executive functions Tendency to self-harm -0.34 -55 0.001

The results presented in Table 3 indicate that loneliness exerts a direct and negative effect on
executive functions ( = -0.23, p < 0.01). Furthermore, feelings of loneliness have a direct and
positive effect on the tendency toward self-harm (B = 0.17, p < 0.01). In addition, executive
functions demonstrate a direct and negative effect on self-harm tendencies ( = -0.34, p < 0.01).
Finally, the indirect effects among the variables were analyzed using the bootstrap method, a
summary of which is presented in Table 4.

Table 4 . The indirect effect of loneliness on self-harm tendencies mediated by executive functions.

Route Indirect Lower limit of the Upper limit of Significance
effect confidence interval the safety level ( p)
% 95 % 95 interval

Feeling lonely On
executive functions A 0.08 0.02 0.15 0.001
tendency to self - harm

The results presented in Table 4 indicate that the indirect and positive relationship between
loneliness and self-harm tendencies, mediated by executive functions, is significant at the 0.01
level, given that zero is not within the 95% confidence interval (0.02, 0.15). Therefore, it can be
concluded that executive functions play a significant mediating role in the relationship between
loneliness and self-harm tendencies.

Discussion and Conclusion

The aim of the present study was to predict the tendency to self-harm based on feelings of
loneliness through the mediation of executive functions in adolescents aged 13 to 17 years. The
first finding demonstrated that feelings of loneliness directly and negatively affect executive
functions. In other words, as feelings of loneliness increase, brain function in areas such as
planning and inhibitory control weakens (Li et al., 2022). In explanation, it can be concluded that
loneliness, as an unpleasant psychological state, directly impacts the cognitive functions of the
brain by activating neural systems related to social threat and environmental monitoring (Kino et
al., 2023). From a neuropsychological perspective, this phenomenon results from the continuous
involvement of cognitive resources in the processing of negative social information and a state of
sustained alertness, which impairs attentional capacity and executive control (Johnson et al., 2021).
Feeling lonely, by creating chronic psychosocial stress, leads to increased cortisol secretion and
excessive activation of the hypothalamic-pituitary-adrenal axis, which in turn exerts inhibitory
effects on prefrontal cortex function (Zheng et al., 2023). The prefrontal cortex, which plays a
central role in high-level cognitive processes such as planning, mental flexibility, and impulse
control, becomes less efficient under conditions of chronic loneliness, influenced by
neuroendocrine factors and increased systemic inflammation (Tervo-Clemmens et al., 2023).
Furthermore, the allocation of cognitive resources to the continuous assessment of potentially
threatening social cues reduces the neural capacity available for performing complex cognitive
tasks (Laureys et al., 2021). This condition is associated, at the neural level, with reduced activity
in networks related to executive control and coordination between brain regions involved in
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abstract thinking (Laureys et al., 2022). As a result, the persistent experience of loneliness can lead
to functional decline in cognitive domains such as decision-making, problem-solving, and
emotional regulation (Huang & Fishbach, 2021).

The second finding revealed that feeling lonely directly and positively affects the tendency to self-
harm; in other words, feeling lonely itself, independently and without considering other factors,
can increase an individual's tendency to self-harm. In explaining this, it has been found that
loneliness reinforces the tendency to self-harm through multiple psychological mechanisms
(Richardson et al., 2024). According to emotional regulation theory, individuals facing chronic
loneliness, which is experienced as a social pain, may resort to self-harming behaviors as a strategy
to regulate negative emotions (Moss et al., 2023). From a neurological perspective, persistent
feelings of loneliness can lower the threshold for emotional distress by disrupting endogenous
opioid systems and neural circuits involved in pain processing (Varela et al., 2022). Under such
conditions, self-harm may be used as a maladaptive coping strategy to replace unbearable
emotional pain with more tangible physical pain (Geulayov et al., 2022). This phenomenon can
also be explained through the theoretical framework of psychological alienation, in which the
feeling of separation from social networks and a lack of interpersonal connections can lead to a
feeling of alienation from oneself and exacerbate negative evaluations of the body and self (Barreto
etal., 2022). This process can ultimately lay the groundwork for self-destructive behaviors (Seong
etal., 2021).

The third finding demonstrated that executive functions directly and negatively affect the tendency
to self-harm; this means that weaknesses in brain management skills (such as impulse control) can
themselves lead to increased self-harm behaviors. In explaining this, the findings suggest that,
based on neuropsychological models, executive functions, as a set of high-level cognitive
processes including behavioral inhibition, cognitive flexibility, and self-monitoring, play a key
inhibitory role in modulating impulsive behaviors, including self-harm and suicide (Liang et al.,
2022). Weakness in these control systems, especially in the prefrontal cortex, can lead to an
inability to regulate negative emotions and inhibit aggressive impulses towards oneself (Marquez-
Ramos et al., 2023). From the perspective of oppositional process theory, when the cognitive
capacity to inhibit self-destructive responses is reduced, the tendency to self-harm as a maladaptive
coping strategy to relieve emotional distress is intensified (Qiu et al., 2023). Furthermore, deficits
in executive functions are associated with impairments in planning adaptive coping strategies and
predicting the long-term consequences of behavior, which limits alternative pathways for
managing distress and facilitates self-harm as a rapid but inappropriate response (Zhu et al., 2023).
Neuroimaging studies also show that reduced activity in neural circuits related to impulse control,
including the orbitofrontal cortex and basal ganglia, is associated with increased readiness for self-
harming behaviors (Klarin et al., 2024).

The fourth finding indicated that feeling loneliness also indirectly affects the tendency to self-
harm. This effect occurs through the weakening of executive functions. In explanation, it can be
stated that loneliness affects executive functions through psycho-neurotoxic mechanisms and
indirectly provides the basis for self-harming behaviors (ltzchakov et al., 2023). According to
cognitive neuroscience research, the experience of chronic loneliness leads to structural and
functional changes in the prefrontal cortex by creating persistent physiological stress (Leddie et
al., 2022). This region, which is responsible for monitoring cognitive functions such as impulse
control, self-regulation, and behavioral flexibility, undergoes reduced neuronal activity and
efficiency under conditions of chronic loneliness (Ghafari et al., 2018). On the other hand, the
continuous allocation of cognitive resources to the processing of social threats and the regulation
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of negative emotions undermines the capacity of the cognitive system to perform high-level tasks
(Barreto et al., 2022). Under these conditions, the individual faces a reduced ability to inhibit
maladaptive responses, develop alternative coping strategies, and evaluate the long-term
consequences of behavior (Pasqualotto et al., 2021). This deficit in the brain's control system
ultimately weakens the neurocognitive pathways related to self-regulation and increases the
individual's vulnerability to self-injurious impulses (Richardson et al., 2024).

The results of the present study indicate that loneliness predicts the tendency to self-harm in
adolescents both directly and indirectly, through the weakening of executive functions. Based on
the findings, loneliness, on the one hand, by creating chronic stress and disrupting the prefrontal
cortex, impairs the cognitive ability to regulate emotions and abilities as a psychological factor.
This complicated pattern suggests that clinical interventions should focus on both executive
functions and reducing loneliness. Cognitive skills training, emotion regulation interventions, and
strengthening social support networks can be considered as care strategies to control self-injurious
behaviors in adolescents.

Despite its valuable contributions, this study was subject to several limitations. The sampling
method, which included only schools from three areas of Karaj city, limits the generalizability of
the findings to other cities, regions, or cultural contexts. Furthermore, the correlational research
design, while revealing relationships between variables, lacks the power to definitively establish
causal relationships among them. Also, the executive function assessment tool, which was based
on parent report, is likely subject to reporting bias and may be accompanied by a lack of accurate
awareness of adolescents' cognitive aspects. In addition, the relatively low reliability of the
inhibition subscale (0.63) is considered another weakness of this instrument. The focus of the
research was solely on adolescents aged 13 to 17, making it difficult to generalize the results to
other age groups such as children or young adults. Moreover, data related to feelings of loneliness
and self-harm were largely based on self-report, which may be influenced by factors such as the
desire to provide socially desirable responses or momentary emotional fluctuations. Finally, the
lack of complete control for potential confounding variables such as history of mental disorders,
socioeconomic status, or parenting styles could have affected the validity of the inferred
relationships between the main variables of the study.

In light of these limitations, several avenues for future research are suggested. First, examining the
mediating role of other cognitive and emotional processes such as emotion regulation, distress
tolerance, and self-compassion in the relationship between loneliness and self-harm may help to
elucidate the underlying mechanisms of this phenomenon. Second, conducting longitudinal studies
to investigate the causal relationship and the developmental trajectory of key variables throughout
adolescence seems necessary. Third, based on the present findings, designing and testing the
effectiveness of interventions that focus on strengthening executive functions (especially response
inhibition and cognitive flexibility) and reducing feelings of loneliness are recommended for the
prevention of self-harming behaviors. Fourth, to increase the external validity of the findings,
replication of this research in societies with different socio-cultural characteristics and in other age
groups such as university students is recommended. Fifth, the use of more objective and
performance-based assessment methods (such as neuropsychological performance tasks) for the
assessment of executive functions would be a desirable alternative to purely report-based
instruments. Finally, despite the gender-balanced sample, testing the research model separately in
groups of girls and boys could reveal the specific role of gender in this complex web of
relationships with greater clarity.
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