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ABSTRACT: Background: Adolescent suicide remains a pressing public health concern in South Korea and
worldwide, ranking as one of the leading causes of death among youth. Identifying modifiable risk and protective
factors is critical for prevention strategies. Physical activity has been suggested as one such factor due to its potential
mental health benefits. This study aimed to examine whether associations between physical activity and suicidality
differ by activity type and by stage of suicidal behavior, distinguishing suicidal ideation, planning, and attempts among
Korean adolescents. Methods: This cross-sectional secondary analysis used data from the 20th Korea Youth Risk
Behavior Web-based Survey (KYRBS) conducted in 2024, a nationally representative survey of Korean adolescents.
The study included 54,653 middle and high school students with complete data on physical activity, suicidal ideation,
planning, and attempts. Three types of physical activity (vigorous activity, muscle-strengthening activity, and
≥60 min of daily physical activity) were examined. Associations with suicidal behaviors were analyzed using
multivariable logistic regression models, adjusting for psychological, behavioral, and sociodemographic covariates.
Results: In this nationally representative sample of Korean adolescents, engaging in at least 60 min of daily physical
activity was significantly associated with lower odds of suicide planning, but not ideation or attempts. In contrast,
muscle-strengthening activity was linked to increased odds of both suicide planning and attempts, whereas vigorous
activity showed no significant associations. Psychological factors, including generalized anxiety, sadness, stress, and
loneliness, showed strong associations with suicidal behaviors and were included as covariates in the adjusted models.
Female students, low academic performance, and unstable residential status were also associated with higher odds of
suicidal behaviors. Conclusion: The associations between physical activity and suicidality differed by activity type
and suicidal outcome; muscle-strengthening activity was positively associated with suicide planning and attempts in
adjusted models.

KEYWORDS: Adolescent suicide; physical activity; mental health; Korea Youth Risk Behavior Survey; muscle-
strengthening exercise; suicide behavior

1 Introduction

Suicide remains one of the most alarming and persistent causes of death among adolescents globally.
According to theWorld Health Organization (WHO), it is the third-leading cause of death among individuals
aged 15 to 29 [1]. In South Korea, the youth suicide rate is more than twice the average of other Organization
for Economic Co-operation and Development (OECD) countries. For over a decade, suicide has consistently
ranked as the leading cause of death among Korean adolescents aged 9 to 24 years, surpassing traffic
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accidents, other unintentional injuries, and cancer [2]. Moreover, the onset age of suicidal ideation is
decreasing, with a growing number of middle school students reporting emotional distress, self-harming
behaviors, and thoughts of death [3].

Adolescence is a vulnerable transitional stage characterized by rapid biological, psychological, and
social changes. During this period, adolescents undergo identity formation, experience fluctuations in their
self-concept, and face increasing expectations [4]. These developmental challenges often coincide with the
first onset of mental health problems such as depression, anxiety, loneliness, and low self-esteem, many
of which are known precursors of suicidal behavior [5,6]. In particular, Korean adolescents report higher
levels of school-related stress and perfectionism than their global peers. According to the Korea Disease
Control and Prevention Agency (KDCA), 13.5% of students reported seriously considering suicide in the
past 12 months, whereas 5.25% reported at least one suicide attempt [7].

Recognizing the multifactorial nature of adolescent suicide, modifiable lifestyle factors such as physical
activity have emerged as early intervention targets. Regular physical activity has been linked to improved
mood regulation, reduced depressive symptoms, enhanced sleep quality, and increased self-esteem [8].
Moreover, it can promote social connectedness, goal setting, and personal control, protecting mental
health [9]. Thus, international guidelines recommend that adolescents engage in at least 60 min of
moderate-to-vigorous daily physical activity [10,11]. Beyond these general benefits, physical activity
may be linked to adolescent suicidality through neurocognitive processes related to self-regulation. During
adolescence, executive control systems involved in inhibitory control and emotion regulation are still
developing, which may influence how psychological distress is managed under stress [12]. Evidence
suggests that regular physical activity can modulate stress reactivity and support regulatory processes
relevant to impulse control and goal-directed behavior [13,14]. Such mechanisms may be particularly
relevant to differences across stages of suicidal behavior, including whether psychological distress escalates
toward planning or behavioral enactment rather than remaining at the level of ideation. In educational
environments characterized by sustained academic pressure and limited recovery, as in Korea [15], these
stress and regulation-related pathways may be especially salient when interpreting associations between
activity patterns and suicidality.

In parallel, sedentary behavior has increasingly been recognized as a distinct movement behavior with
independent implications for adolescent mental health, rather than merely representing the absence of
physical activity. In the Korean context, prolonged sedentary time is often structurally driven by intensive
academic schedules and after-school study demands, resulting in extended periods of sitting that are largely
independent of intentional exercise participation [16]. Such prolonged sitting may limit opportunities
for cognitive disengagement, spontaneous movement, and emotional ventilation, potentially contributing
to rumination, emotional stagnation, and reduced self-regulatory capacity [17]. Accordingly, sedentary
time represents an important contextual factor to consider when examining associations between physical
activity patterns and suicidality among Korean adolescents.

Despite this growing body of evidence, the relationship between physical activity and suicidal behavior
is far less consistent. While some studies suggest that higher levels of physical activity are associated
with lower rates of suicidal ideation and attempts [18,19], others report null findings [20,21] or even a
positive association under certain conditions [22]. Another challenge in existing research is that physical
activity is often operationalized as an overall volume or guideline-based indicator (e.g., meeting vs. not
meeting recommended levels), as commonly applied in large-scale epidemiological and surveillance-based
studies of adolescent health and risk behaviors, including national school-based surveys, which can obscure
heterogeneity by activity modality and psychosocial context [23,24]. Although threshold-based indicators
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are often used for policy-relevant interpretation, conceptual limitations arise when physical activity is
treated as a single undifferentiated construct rather than as distinct activity types. Recent work has
begun to address this limitation by examining variations in activity type and prescription features (e.g.,
intensity, duration, and modality) and by emphasizing contextual factors related to the meaning and context
of activity participation [25,26]; however, these efforts remain fragmented, often focusing on a single
activity dimension or a single suicidality outcome, and have rarely been integrated into analyses that
consider multiple activity types alongside distinct stages of suicidality. Ignoring such distinctions limits the
interpretability and practical applicability of research findings in mental health outcomes [27]. In parallel
with limitations in how physical activity has been conceptualized, outcome definitions in this literature have
also been narrow. Moreover, most existing studies focus solely on suicidal ideation, failing to adequately
reflect the distinct characteristics and clinical risk levels of high-risk behaviors, such as suicide planning
and attempts [28]. Suicidal ideation, planning, and attempts represent qualitatively different stages of
suicidality, each associated with distinct psychological risk factors and interventional needs [29].

Ideation-to-action frameworks, such as Klonsky and May’s three-step theory (3ST), are particularly
relevant to the present study, as they further emphasize that the emergence of suicidal ideation and the
transition from ideation to suicidal behavior are driven by partly distinct processes. In 3ST, suicidal ideation
is theorized to arise when psychological pain and hopelessness co-occur, whereas progression toward
action is more closely linked to factors that reduce protective connections and increase the capability for
suicide. From this perspective, physical activity may be differentially associated with specific stages of
suicidality, for example, through pathways related to affect regulation and stress reactivity (ideation) versus
self-control, impulsivity, and social connectedness (transition to planning or attempts) [29]. Therefore,
examining activity types in relation to ideation, planning, and attempts separately may provide more
stage-specific and clinically interpretable evidence.

Many studies have not consistently accounted for critical variables known to influence both physical
activity engagement and suicide risk [30]. These include psychological indicators such as generalized anxiety
disorder (GAD), stress, sadness, and loneliness, as well as behavioral and contextual factors such as sleep,
fatigue recovery, sedentary time, academic performance, and family living arrangements. Particularly in the
Korean context, where academic stress, appearance anxiety, and social conformity are deeply embedded in
cultural elements, the psychological meaning and social function of physical activity may differ substantially
from those in other populations [31,32]. Within this context, muscle-strengthening activities may reflect
motivations and social meanings that are distinct from those underlying general physical activity. Among
adolescents, strength-focused exercise may be more closely intertwined with appearance-related concerns,
body image pressures, or performance-oriented goals [33], particularly within sociocultural environments
that emphasize academic achievement and physical standards. These contextual differences underscore the
importance of examining muscle-strengthening activities separately when assessing associations between
physical activity and suicidality.

Given the inconsistencies and conceptual limitations of prior research, as well as the unique
sociocultural stressors faced by Korean adolescents, it is essential to reconsider how different types and
patterns of physical activity relate to distinct stages of suicidality. Accordingly, this study focuses on
whether associations between physical activity and suicidality differ by activity type and by stage of suicidal
behavior, distinguishing suicidal ideation, planning and attempts. In particular, beyond overall physical
activity, we examine muscle-strengthening activities as a conceptually distinct form of physical activity
that may be embedded in different motivational and psychosocial contexts among adolescents. By explicitly
adjusting for key psychological, behavioral, and contextual factors, this study aims to estimate, within the
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constraints of an observational design, the independent associations of specific physical activity types with
different stages of suicidality in the Korean adolescent population.

2 Methods

2.1 Study Design and Population

This study conducted a cross-sectional secondary analysis of the 20th Korea Youth Risk Behavior
Web-based Survey (KYRBS) in 2024 by the KDCA. The KYRBS is an annual, nationally representative survey
monitoring health-related behaviors among Korean adolescents, targeting students from middle school first
to high school third grade, using stratified, multistage clustered sampling with weights to ensure national
representativeness.

The 2024 KYRBS collected data from approximately 60,000 students across 800 schools using anonymous
self-administered online questionnaires. This study only included students with complete data on physical
activity, suicidal behaviors, and key covariates. After excluding cases with missing or inconsistent data,
54,653 participants were included in the final analysis.

2.2 Study Variables

2.2.1 Suicidal Behavior

The primary outcome variables in this study were three forms of suicidal behavior assessed through
self-reporting: suicidal ideation, suicide planning, and suicide attempt. Each variable was measured using a
yes-or-no response, asking about experiences within the past 12 months, with responses dichotomized as
0 (No) or 1 (Yes).

2.2.2 Physical Activity

The main independent variables in this study were three types of physical activity reported over the
previous seven days. These included vigorous physical activity (e.g., running or playing sports that cause
rapid breathing or sweating for at least 20 min), muscle-strengthening activities (e.g., push-ups, sit-ups, or
weight training), and daily general physical activity lasting at least 60 min, regardless of intensity. Each
activity was originally assessed as the number of days (0–7 days) performed in the past week.

For analytical purposes, these frequency-based variables were recoded into binary indicators to reflect
whether adolescents met recommended activity thresholds. Adolescents were assigned a value of 1 if they
reported engaging in vigorous-intensity activity or muscle-strengthening activity on three or more days per
week or engaging in at least 60 min of general physical activity five or more days per week; all others were
coded as 0. These thresholds were defined by the researchers based on the World Health Organization’s
physical activity guidelines for adolescents, which recommend at least 60 min of moderate-to-vigorous
physical activity daily, including vigorous-intensity or muscle-strengthening activities at least three times
per week [34]. Because the KYRBS assesses physical activity as the number of days per week rather than
daily duration, adherence to the ≥60 min/day recommendation was operationalized as engaging in at
least 60 min of activity on five or more days per week. This operationalization is consistent with the
definition of physical activity practice rates used in Korean national health surveillance, which applies a
≥60 min on ≥5 days per week criterion to better reflect behavioral patterns among Korean adolescents [35].
These physical activity indicators were not mutually exclusive, and adolescents could meet more than one
criterion. We acknowledge that dichotomizing frequency-based physical activity variables may reduce
sensitivity and obscure potential dose–response relationships. Because the primary aim was to align



Int J Ment Health Promot. 2026;28(3):6 5

exposure definitions with commonly used surveillance thresholds and to maintain comparability across
activity types, we used binary indicators in the main analyses; alternative specifications (e.g., multi-category
or continuous days/week) were not pursued in the present manuscript.

2.2.3 Covariates and Confounder Selection

Covariates were selected a priori based on prior literature [5,30] and the availability of variables
in the KYRBS, focusing on factors that may be associated with both physical activity engagement and
suicidal behaviors. These covariates were included to estimate the independent associations of physical
activity types with suicidal ideation, planning, and attempts in multivariable logistic regression models. The
analysis included a range of psychological and behavioral covariates known to influence suicidal behavior
among adolescents.

Mental health indicators included generalized anxiety, sadness/despair, loneliness, and perceived stress.
Generalized anxiety was measured using the Generalized Anxiety Disorder-7 (GAD-7) scale, with total
scores categorized into four levels: normal (0–4), mild (5–9), moderate (10–14), and severe (15–21). The
participants also reported whether they had experienced persistent sadness or despair, feelings of loneliness,
or perceived stress over the past year. All variables were binary (0 = No, 1 = Yes), except for stress, which
was dichotomized into low (none/slight) and high (moderate/severe/very severe).

Health-related behavioral and lifestyle covariates included sleep-related factors, sedentary time, and
subjective health status. Sleep-related variables included perceived recovery from fatigue through sleep
(categorized as sufficient or insufficient), average sleep duration on weekdays and weekends, and average
daily sedentary time (hours). Subjective health status was assessed using a single item and categorized as
good (very good/good) or poor (fair/poor/very poor).

Sociodemographic and family context covariates included gender (male/female), school grade (middle
and high school, first to third grade), academic score, and socioeconomic status (high, mid-high, middle,
mid-low, and low). Residence (with family, relatives, alone, dormitory, childcare facility) and family structure
(both parents, one parent, stepparent, other family members, none) were also included, all of which have
been shown to influence adolescent mental health and suicidal behavior using literature reviews [6,19].

Variable selection followed the KYRBS coding manual and prior studies, and all listed covariates were
included in the multivariable models as potential confounders. Several psychological variables included
in this study (e.g., generalized anxiety, sadness/despair, loneliness, and perceived stress) may plausibly
function both as confounders and as intermediates on the pathway between physical activity and suicidal
behaviors. In the present analysis, these variables were treated as confounders to obtain conservative
estimates of the associations between physical activity and suicidality. We acknowledge that this approach
may attenuate associations if some variables lie on the causal pathway; however, it was chosen to reduce
residual confounding in a large-scale observational dataset. Correlations among covariates were examined
to assess multicollinearity prior to regression analysis.

2.3 Data Analysis

All statistical analyses were conducted using SPSSWindows software version 29.0 (IBM Corp., Armonk,
NY, USA). Descriptive statistics were estimated using the Complex Samples module to account for the
stratified, clustered, and weighted design of KYRBS, applying sampling weights, stratification variables,
and primary sampling units to ensure national representativeness.

Complex sample logistic regression models incorporating the survey design variables were initially
specified to examine associations between physical activity and suicidality outcomes. However, due to sparse
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outcome distributions and limited within-cluster variability for suicidality measures, design-based logistic
regression models did not converge across the examined exposure–outcome combinations. Therefore,
associations were estimated using conventional bivariate and multivariable logistic regression models.

Descriptive statistics (frequencies and weighted percentages) were used to summarize the sample
characteristics, and Pearson’s correlations were examined to assess multicollinearity. Associations between
physical activity types and suicidal behavior were examined using bivariate and multivariable logistic
regression models, adjusting for mental health indicators, sleep-related variables, and sociodemographic
covariates. Statistical significance was set at p < 0.05, and effect sizes were reported as odds ratios
(ORs) with 95% confidence intervals (CIs). Formal moderation analyses using interaction terms were
not conducted, as the primary objective of this study was to estimate overall adjusted associations rather
than subgroup-specific effects.

2.4 Ethical Considerations

This study uses publicly available, de-identified secondary data from the 2024 KYRBS. The
KYRBS dataset ensures complete participant anonymity using personally identifiable information, and
confidentiality measures protect all responses, so no personally identifiable information was accessible to
the researchers. According to the official guidelines, confidentiality is legally protected under Articles 33
and 34 of the Statistics Act, which prohibit the disclosure or misuse of individual responses.

The study protocol was reviewed by the Institutional Review Board (IRB) of Chung-Ang University
and was granted an official exemption from the IRB review as it involved secondary analysis of anonymized
data with no direct interaction with human participants (IRB No. 1041078-20250609-HR-181). In accordance
with this exemption, the requirement for informed consent was waived by the IRB.

3 Results

3.1 Demographic and Characteristics

This analysis included 54,653 adolescents from the 2024 KYRBS, a nationally representative survey. As
shown in Table 1, the sample was nearly evenly split by gender (49.8% male and 50.2% female) and included
students from the first year of middle school to the third year of high school. Each grade accounted for
roughly 15%–18% of the sample. Most students reported average-to-above-average academic performance
(mid: 30.1%; mid–high: 24.9%; high: 11.7%), with only 10.5% reporting low performance. Socioeconomic
status was also concentrated in the mid (48.2%) to mid-high (31.2%) range, with only 1.8% reporting a low
status. Most students (96.4%) lived with their families; few resided in dormitory rooms (2.0%), with relatives
(0.7%), alone (0.4%), or in care facilities (0.4%). Most participants (86.0%) lived with both parents, 4.1% lived
with one parent, and a few lived with stepparents or extended families. A total of 9.5% of the participants
did not report their family structure. These demographic factors were included as covariates to control for
confounding variables. All percentages were calculated according to the KYRBS Complex Sampling Design.

Table 1: General characteristics of participants (N = 54,653).

Variable Frequency (%)

Gender
Male 49.8
Female 50.2
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Table 1: Cont.

Variable Frequency (%)

Grade (Age)
Middle School 1st (14) 17.5
Middle School 2nd (15) 16.9
Middle School 3rd (16) 16.2
High School 1st (17) 16.7
High School 2nd (18) 17.5
High School 3rd (19) 15.2

Academic Scores
High 11.7
Mid-High 24.9
Middle 30.1
Mid-Low 22.9
Low 10.5

Socioeconomic Status
High 10.4
Mid-High 31.2
Middle 48.2
Mid-Low 8.5
Low 1.8

Residence
With Family 96.4
With Relatives 0.7
Alone 0.4
Dormitory 2.0
Childcare Facility 0.4

Family Structure
Both Biological Parents 86.0
Only One Biological Parent 4.1
Stepparent 0.1
Other Family Members (Grandparents/Siblings) 0.1
No Family Members 0.2
No response 9.5

Note: Values are presented as weighted percentages.

3.2 Correlations among Independent and Covariate Variables

This section presents correlations among independent and covariate variables to describe their
relationships and to assess potential multicollinearity prior to multivariable analyses. Pearson’s correlation
coefficients were calculated to examine the relationships between the independent and covariate variables
(Table 2). Given the large sample size, most correlations reached statistical significance; therefore,
interpretation focused on the magnitude of correlations and their relevance for assessing potential
multicollinearity rather than on statistical significance alone. No correlation exceeded the absolute value
of 0.70, indicating that multicollinearity was not a concern in subsequent regression analyses. Consistent
with prior large-scale survey analyses, many statistically significant correlations were small in magnitude,
underscoring the need for multivariable models to evaluate independent associations. The highest observed
correlation was between GAD and stress (r = 0.460), followed by GAD and sadness or despair (r = 0.423) and
GAD and loneliness (r = 0.489), all of which were consistent with known comorbidity patterns among mental
health variables and their roles as covariates in the regression models. Regarding the physical activity
variables, vigorous activity, muscle-strengthening activity, and ≥60 min daily activity showed moderate
correlations (r = 0.410–0.468), indicating some conceptual overlap while remaining within acceptable ranges
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for independent inclusion in multivariable models. Other covariates, such as sleep patterns, recovery from
fatigue, and sedentary time, exhibited low to modest correlations with both physical activity and mental
health variables, further supporting the suitability of these variables for inclusion in multivariable models.
No evidence of problematic multicollinearity was observed, supporting the inclusion of these variables in
the adjusted logistic regression models.

Table 2: Pearson correlation coefficients among independent and covariate variables.

Variable 1 2 3 4 5 6 7 8 9 10 11 12

1. Vigorous Activity 1
2. Muscle Activity 0.427** 1
3. ≥ 60 min Activity 0.468** 0.410** 1
4. GAD total score −0.059** −0.057** −0.042** 1
5. Sadness and despair 0.001 0.017** 0.010* 0.423** 1
6. Loneliness −0.026** −0.028** −0.013** 0.489** 0.377** 1
7. Recovery from fatigue 0.078** 0.065** 0.055** −0.165** −0.122** −0.123** 1
8. Perception of stress −0.057** −0.061** −0.043** 0.460** 0.333** 0.364** −0.173** 1
9. Average daily sedentary time −0.070** −0.098** −0.073** 0.064** 0.010* 0.042** −0.091** 0.071** 1
10. Weekend sleep duration 0.060** 0.040** 0.043** −0.079** −0.047** −0.052** 0.115** −0.087** −0.087** 1
11. Weekday sleep duration 0.099** 0.064** 0.077** −0.102** −0.066** −0.078** 0.315** −0.098** −0.137** 0.215** 1
12. Health perception −0.179** −0.178** −0.159** 0.297** 0.181** 0.218** −0.181** 0.268** 0.068** −0.069** −0.095** 1

Note: Values represent Pearson correlation coefficients. These indicate the linear relationship between variables; *p < 0.05;
**p < 0.01.

3.3 Association between Physical Activity and Suicidal Behaviors

Table 3 presents the crude associations between physical activity types and suicidal behaviors. Engaging
in vigorous physical activity was associated with lower odds of suicidal ideation (OR = 0.904, p < 0.001), but
not with planning or attempts. Muscle-strengthening activities were significantly associated with lower
odds of suicidal ideation (OR = 0.897, p < 0.001). In contrast, it was associated with significantly higher
odds of both suicide planning (OR = 1.167, p < 0.001) and suicide attempts (OR = 1.368, p < 0.001). Similarly,
adolescents engaging in at least 60 min of physical activity per day showed lower odds of suicidal ideation
(OR = 0.878, p < 0.001), whereas no significant associations were observed for planning or attempts.

Table 3: Cross-tabulation between physical activity and suicidal behavior (N = 54,653).

Physical Activity Suicidal Behavior Yes (%) No (%) p (χ2) OR 95% CI p (logistic)

Vigorous Ideation 12.1 87.9 <0.001 0.904 0.859–0.952 <0.001
Plan 4.9 95.1 0.991 1.000 0.924–1.081 0.991
Attempt 2.7 97.3 0.329 0.950 0.857–1.053 0.330

Muscle-strengthening Ideation 11.8 88.2 <0.001 0.897 0.845–0.952 <0.001
Plan 5.4 94.6 <0.001 1.167 1.070–1.273 <0.001
Attempt 3.5 96.5 <0.001 1.368 1.225–1.526 <0.001

≥60 min Ideation 11.6 88.4 <0.001 0.878 0.820–0.939 <0.001
Plan 4.7 95.3 0.469 0.963 0.869–1.067 0.470
Attempt 2.9 97.1 0.430 1.054 0.925–1.201 0.427

Note: Values are weighted percentages; OR = odds ratio; CI = confidence interval.

Table 4 presents the results of the multivariate logistic regression analyses, adjusted for mental
health, sleep-related, and sociodemographic covariates. All specified covariates were included in the
regression models; for brevity, Table 4 displays selected covariates. Muscle-strengthening activity remained
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significantly associated with higher odds of suicide planning (OR = 1.389, p < 0.001) and suicide attempts
(OR = 1.505, p < 0.001), whereas no significant association was observed for suicidal ideation. Engaging in at
least 60 min of physical activity per day was significantly associated with reduced odds of suicide planning
(OR = 0.859, p = 0.035). For suicidal ideation, a non-significant inverse trend was observed (OR = 0.913,
p = 0.075), whereas no significant association was found for suicide attempts. Vigorous physical activity
showed no significant association with suicidal ideation, planning, or attempts in the adjusted models. The
inverse association observed in unadjusted analyses was attenuated after adjustment, suggesting that the
crude association was partly explained by psychological distress and sleep- or behavior-related covariates.

Severe generalized anxiety disorder (GAD) was strongly associated with higher odds of suicidal ideation,
planning, and attempts (ORs > 4.1, p < 0.001). Sadness, loneliness, and stress were also independently
associated with higher odds of suicidal outcomes (p < 0.001). Female students, low academic performance,
and low socioeconomic status were associated with higher odds of suicidal behavior. Moreover, living alone
or in facilities was significantly associated with higher odds of suicide attempts (ORs > 2.8, p < 0.001).

Across models, the direction and magnitude of the associations differed between crude and
adjusted analyses. Several associations observed in the bivariate models were attenuated after
adjustment for sociodemographic characteristics and mental health indicators, suggesting the presence
of confounding effects. Nevertheless, key activity-type–specific associations, particularly those involving
muscle-strengthening activity and suicide planning and attempts, remained statistically significant in the
fully adjusted models.

Table 4: Multivariate logistic regression analysis of factors associated with suicidal behaviors (N = 54,653).

Variable Suicidal Ideation Suicidal Plan Suicidal Attempt
OR [95% CI] p OR [95% CI] p OR [95% CI] p

Physical Activity
Vigorous 1.048 [0.970–1.132] 0.234 1.080 [0.966–1.207] 0.175 0.921 [0.795–1.066] 0.921
Muscle-Strengthening 1.031 [0.943–1.127] 0.506 1.389 [1.227–1.572] <0.001 1.505 [1.284–1.765] <0.001
≥60 min 0.913 [0.826–1.009] 0.075 0.859 [0.746–0.989] 0.035 0.968 [0.808–1.160] 0.728
Mental Health Factors
GAD (ref = Normal) Mild 1.836 [1.689–1.996] <0.001 1.800 [1.569–2.065] <0.001 1.677 [1.394–2.017] <0.001

Moderate 2.637 [2.383–2.918] <0.001 2.711 [2.319–3.170] <0.001 2.772 [2.255–3.407] <0.001
Severe 4.100 [3.635–4.624] <0.001 4.470 [3.779–5.287] <0.001 4.112 [3.300–5.124] <0.001

Sadness/Despair 3.922 [3.661–4.202] <0.001 3.315 [2.807–3.501] <0.001 3.112 [2.680–3.615] <0.001
Loneliness 2.320 [2.162–2.491] <0.001 2.113 [1.899–2.351] <0.001 2.059 [1.785–2.375] <0.001
Stress 2.097 [1.938–2.269] <0.001 1.655 [1.459–1.876] <0.001 1.381 [1.170–1.628] <0.001
General Characteristics
Gender (Female) 1.256 [1.171–1.347] <0.001 1.228 [1.108–1.360] <0.001 1.180 [1.033–1.348] 0.015
SES (ref = High) Mid-High 0.969 [0.862–1.088] 0.591 0.864 [0.733–1.019] 0.083 0.892 [0.718–1.109] 0.304

Middle 0.940 [0.839–1.053] 0.285 0.850 [0.724–0.998] 0.047 0.841 [0.68–1.038] 0.106
Mid-Low 1.290 [1.124–1.481] <0.001 1.121 [0.926–1.356] 0.241 1.058 [0.827–1.355] 0.652
Low 1.361 [1.099–1.685] 0.005 1.358 [1.036–1.779] 0.026 1.363 [0.984–1.889] 0.063

Residence (ref = Family) Relatives 1.385 [0.940–2.039] 0.099 1.112 [0.653–1.894] 0.696 1.627 [0.905–2.926] 0.104
Alone 2.625 [1.811–3.804] <0.001 2.343 [1.478–3.715] <0.001 4.803 [3.040–7.589] <0.001
Dormitory 1.033 [0.864–1.237] 0.719 1.108 [0.857–1.433] 0.433 1.199 [0.862–1.668] 0.281
Childcare
Facility 1.806 [1.125–2.900] 0.014 1.915 [1.095–3.348] 0.023 2.845 [1.580–5.126] <0.001

Note: All multivariable models adjusted for the complete set of covariates specified in Section 2.2.3; for brevity, only selected
covariates are displayed in the table; Logistic regression estimates were obtained using conventional (non-design-based) models
because design-based complex-sample logistic regression did not converge for the examined combinations; OR = odds ratio; CI =
confidence interval; SES = socioeconomic status.

4 Discussion

This study examined the associations between different types of physical activity and suicidal behaviors
among Korean adolescents, using nationally representative data from the Korea Youth Risk Behavior
Web-based Survey. This study aimed to determine whether specific forms of physical activity act as
protective or risk-modifying factors for adolescent suicidality. Suicidal ideation, planning, and attempts
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were examined as distinct stages of suicidality. Guided by ideation-to-action frameworks such as the
three-step theory (3ST), the present discussion interprets these findings with attention to stage-specific
mechanisms underlying suicidal ideation, planning, and attempts. Rather than viewing physical activity as
uniformly protective or harmful, the results are considered in terms of how different activity types may
relate differently to distinct stages of suicidality.

Overall, the associations between physical activity and suicidality differed by activity type and stage. In
the fully adjusted models, muscle-strengthening activity was positively associated with suicide planning and
attempts, whereas other activity types showed different patterns across outcomes. These findings should
not be interpreted as evidence that muscle-strengthening exercise is inherently harmful to adolescents’
mental health. Rather, the observed associations may reflect underlying contextual or psychological
factors such as appearance-related concerns, weight-control motives, or pre-existing emotional distress
that influence both exercise patterns and suicidal behaviors. Given the cross-sectional design of the study,
the possibility of reverse causality and residual confounding cannot be excluded; accordingly, the findings
should be interpreted as associations that may reflect underlying vulnerabilities or contextual factors rather
than effects of the activity itself. Importantly, these associations were evaluated after adjustment for key
confounding factors, including mental health indicators and lifestyle-related covariates that are closely
linked to both physical activity engagement and suicidality. The persistence of activity-type–specific
patterns in the fully adjusted models supports the relevance of distinguishing physical activity types when
interpreting different stages of suicidality.

In light of these adjusted findings, one possible hypothesis is appearance-driven motivation.
Adolescents with body dissatisfaction or a distorted body image may prioritize strengthening muscles
to achieve idealized physical standards over maintaining health [36]. Studies have suggested that
appearance-motivated exercise may be associated with depressive symptoms, anxiety, and disordered
eating behaviors [37,38]. This can lead to compulsive exercise or performance-enhancing supplement
use [39], both of which are associated with negative psychological outcomes [40]. A second possible
explanation involves impulsivity. Although muscle-strengthening activities may help reduce psychological
distress and regulate emotions [41], frequent engagement may also reflect heightened impulsivity or
sensation-seeking tendencies [42]. Among those with suicidal thoughts, such traits may function as triggers
accelerating the progression from thought to action [43]. In this context, impulsivity may represent one
factor that could weaken potential protective associations of exercise. Such traits may also be relevant
to the progression from suicidal thoughts to suicidal actions, a hypothesis that requires direct empirical
testing. Within an ideation-to-action perspective, such factors may be particularly relevant to the transition
from suicidal thoughts to planning or attempts, rather than to the initial emergence of suicidal ideation.

Mental health factors showed the strongest and most consistent association with suicidal behavior.
Higher GAD scores showed a dose-response relationship [44], and sadness, loneliness, and perceived
stress were significant predictors. These results support prior evidence that psychological distress is a
major correlate of adolescent suicidality, and highlight the need for early detection strategies [45,46].
Sociodemographic characteristics were also significant. Female students were more likely to report all forms
of suicidal behavior, consistent with global trends [47]. Low academic achievement and socioeconomic
disadvantages were also associated with higher odds of suicidal behavior, suggesting that these stressors may
intensify mental health challenges [48,49]. The increased vulnerability among adolescents living alone or in
institutional care is particularly notable, indicating the critical role of stable caregiving environments. These
findings call for integrated prevention efforts that combine mental health screening with structural support
for socially and economically marginalized youths. In applied settings, engagement in muscle-strengthening
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activity among distressed adolescents may therefore warrant closer attention to underlying psychological
vulnerabilities, as discussed above, rather than being viewed as inherently harmful. Concerning general
physical activity, engaging in at least 60 min of daily activity was significantly associated with reduced odds
of suicide planning, but not with ideation or attempts. Its limited protective association suggests that while
physical activity may offer mental health benefits [50], it may not be sufficient as a standalone preventive
strategy against severe suicidal outcomes. The effectiveness of physical activity may also vary depending
on the consistency, intensity, and subjective meaning that it holds for each adolescent [51,52]. By contrast,
vigorous physical activity showed no statistically significant association with any form of suicidal behavior
in the adjusted models. This pattern is consistent with the mixed evidence in the existing literature, in
which high-intensity exercise has produced inconsistent outcomes depending on individual differences in
physiological tolerance, motivation, and environmental stressors [53]. For distressed adolescents, vigorous
activity may be perceived as demanding, potentially limiting accessibility and therapeutic engagement [54].
From a stage-based perspective, this pattern suggests that general physical activity may be more relevant
to intermediate stages of suicidality, such as planning, than to either ideation or attempts.

In the Korean context, the psychological meaning of physical activity may be shaped by sociocultural
stressors that are closely linked to the covariates included in this study. Intense academic competition
and performance-oriented evaluation [55], reflected in the elevated vulnerability among adolescents with
lower academic achievement, may coexist with chronic stress, insufficient sleep, and poor recovery from
fatigue [56], all of which were assessed in the present models. Under such conditions, engagement
in physical activity may not necessarily function as a restorative behavior, but rather as an additional
domain of performance pressure. Appearance-related concerns may be particularly salient in Korea,
where societal emphasis on physical appearance is reinforced by a highly developed beauty and cosmetic
industry and pervasive visual standards in media and social platforms [57]. Although body image
dissatisfaction is a global phenomenon, the intensity of appearance evaluation and normalization of
aesthetic modification in the Korean context may amplify appearance-driven exercise motivations. Such
pressures may interact with anxiety, stress, and loneliness, key psychological variables measured in this
study, making muscle-focused exercise more susceptible to being pursued for external validation rather than
health promotion. Moreover, strong norms of social comparison and conformity within peer groups may
further intensify psychological distress [58]. In environments where relative standing and peer evaluation
are emphasized, adolescents may experience heightened stress and loneliness when failing to meet academic
or appearance-related expectations [59]. These sociocultural dynamics may contribute to the clustering
of psychological vulnerabilities observed in this study and help explain why certain patterns of physical
activity, particularly muscle-strengthening behaviors, show complex associations with suicidality after
adjustment for mental health and lifestyle-related factors.

International studies have reported heterogeneous associations between physical activity and
suicidality, with effects varying by activity type, intensity, and psychosocial context [60,61]. The present
findings add to this mixed evidence by demonstrating activity-type–specific patterns after adjustment for
major psychological and sociodemographic factors. Further replication across countries and multi-year
datasets is needed to clarify how cultural and structural contexts may modify these associations. In this
regard, a socio-ecological framework provides a useful lens for interpreting how individual, interpersonal,
and structural factors interact to shape adolescent suicidality, as reflected in the present findings. At the
individual level, psychological distress indicators, including generalized anxiety, sadness, loneliness, and
perceived stress, showed the strongest associations with suicidal behaviors, underscoring mental health
vulnerability as a proximal context. At the interpersonal and family-related level, living arrangements and
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family structure were associated with elevated odds of suicidal behaviors, highlighting the importance
of daily social support and supervision. At the school and structural level, academic performance and
socioeconomic status reflected broader performance pressure and resource constraints that may exacerbate
psychological distress and limit access to adaptive coping resources, including health-promoting physical
activity. This multi-level interpretation suggests that physical activity should not be considered in isolation
as a sole suicide prevention effort. Because the KYRBS encompasses multiple behavioral and psychosocial
domains, including sleep patterns, fatigue recovery, sedentary behavior, and mental health, prevention
efforts may benefit from integrated approaches rather than single-behavior interventions. Sedentary
time was included as a covariate to reflect the broader behavioral context of Korean adolescents, for
whom prolonged sitting is often driven by academic demands rather than by inactivity alone. Extended
sedentary periods may reduce opportunities for cognitive disengagement and emotional regulation,
potentially reinforcing stress, rumination, and psychological distress [62]. From this perspective, sedentary
behavior should be understood as a contextual factor that may interact with academic pressure and mental
health vulnerability, rather than as a simple absence of physical activity. School and community-based
programs that combine mental health screening, sleep and fatigue management, reduction of sedentary
time, and accessible physical activity opportunities may be more appropriate for addressing the clustered
vulnerabilities observed in this study. Such integrated strategies align with a socio-ecological approach
to adolescent suicide prevention and may better address the complex pathways linking physical activity
and suicidality.

This study had several limitations. First, the cross-sectional design limited the interpretation of
the directionality between physical activity and suicidal behavior. Second, self-reported measures may
be subject to reporting bias, particularly in sensitive domains such as mental health and suicidality.
Third, although the KYRBS employs a complex sampling design, logistic regression analyses could not be
estimated using design-based methods due to sparse cell counts and limited within-cluster variability for
suicidality outcomes. As a result, the reported associations are based on conventional logistic regression
models and may underestimate standard errors. Fourth, suicidal ideation, planning, and attempts were
assessed as separate binary outcomes and are not mutually exclusive; these behaviors may co-occur within
individuals. Therefore, stage-specific analyses should be interpreted as examining overlapping outcomes
rather than distinct, non-overlapping groups. Fifth, physical activity exposures were operationalized using
threshold-based binary indicators, and dose–response relationships using multi-category or continuous
measures could not be examined, which may have reduced sensitivity to graded associations. Sixth,
although a wide range of covariates was included, unmeasured confounders, such as peer relationships,
school connectedness, or family communication, may still influence the observed associations. Seventh,
the scope of this study did not analyze effect modification across demographic or psychosocial subgroups,
which may limit insight into potential heterogeneity in associations between physical activity types and
suicidality. Finally, because this study was based on a single survey year, it had limitations in examining
temporal trends or determining whether the observed associations are stable across different KYRBS waves.
Future research should more explicitly consider the psychological context of exercise and potential risks,
including compulsive or appearance-driven patterns. Longitudinal designs and qualitative approaches may
help clarify causal mechanisms and identify subgroups for which exercise functions as a protective or
maladaptive coping strategy.

This study provides valuable insights into the relationship between adolescent physical activity and
suicidal behavior. While particular forms of physical activity may offer protective effects, others, particularly
muscle-strengthening exercises, may show complex psychological correlations depending on contextual
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and individual factors. Effective suicide prevention strategies for adolescents should encourage general
physical activity and consider its type, context, and underlying motivations. Comprehensive approaches
that integrate mental health screening, targeted interventions, and structural support systems are essential
for addressing the diverse needs of at-risk youths. Additionally, future research should explore how
motivational factors, peer influence, and digital exposure interact with physical activity behaviors to shape
suicide risk.

5 Conclusions

This study examined the associations between three distinct types of physical activity and suicidal
behaviors among Korean adolescents using data from a nationally representative Korea Youth Risk Behavior
Web-based Survey. The findings indicated that associations between physical activity and suicidality
varied by activity type and suicidal outcome. Specifically, engaging in at least 60 min of general physical
activity per day was associated with reduced odds of suicide planning, whereas vigorous activity showed
no significant association. In contrast, muscle-strengthening activity was associated with a distinct pattern
across suicide-related outcomes in the adjusted models. Mental health factors, such as anxiety, stress, and
loneliness, were consistently associated with all forms of suicidal behavior, and sociodemographic variables,
including female students, low academic performance, and unstable living arrangements, further increased
vulnerability. These findings highlight the importance of targeted screening and interventions, especially
for high-risk adolescents, alongside broader social efforts to address structural inequalities.

In school and community settings, physical activity programs may serve as practical platforms for
early identification and support. School-based physical education classes, after-school sports programs,
and community physical activity initiatives in Korea could integrate routine screening for psychological
distress and suicidality. School nurses, counselors, and physical education teachers may be well positioned
to notice students who engage intensively in muscle-strengthening activities while exhibiting high
levels of distress or pronounced body image concerns, and to facilitate timely referral to mental health
services. At the population level, public health messaging should avoid portraying exercise as a universal
solution to mental health problems and instead emphasize physical activity that is safe, enjoyable, socially
connected, and responsive to adolescents’ psychological needs. From a stage-based perspective informed by
ideation-to-action frameworks, these findings suggest that physical activity may function differently across
stages of suicidality. Regular daily physical activity may be more relevant to intermediate stages such as
suicide planning, potentially through mechanisms related to stress regulation, problem-solving capacity,
or access to social support, rather than to the initial emergence of suicidal ideation or the transition to
attempts. Framing physical activity within stage-specific prevention strategies may help clarify when and
how activity-based interventions can most effectively complement broader suicide prevention efforts.
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