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Abstract

Background: This study aimed to identify factors associated with anxiety due to secondhand alcohol-related harm among adolescents.
Methods: This secondary study used data from the Youth Health Behavior Survey, comprising 52,150 adolescents who responded to
a question on experience of secondhand alcohol-related harm. Study variables were categorized into general, physical, and psycholog-
ical characteristics and analyzed using complex sample cross-tabulation analysis and complex sample regression in SPSS version 27.0.
Results: In participants without exposure to secondhand alcohol-related harm, factors associated with anxiety included sex, household
income level, drug use experience, breakfast consumption frequency, stress level, sleep satisfaction, alcohol consumption, smoking sta-
tus, subjective health status, sadness or despair, suicidal ideation, suicide planning, suicide attempts, and loneliness; the model explained
42.0% of the variance (F = 468.30, p < 0.001). In participants exposed to secondhand alcohol-related harm, factors associated with anxiety
included sexual experience, academic grade level, household income level, drug use experience, breakfast consumption frequency, body
mass index (BMI), stress level, sleep satisfaction, subjective health status, sadness or despair, suicidal ideation, suicide planning, suicide
attempts, and loneliness; the model explained 44.7% of the variance (F = 491.79, p < 0.001). Conclusions: The possibility of exposure
to secondhand alcohol-related harm should be considered when developing interventions to alleviate anxiety among adolescents.

Keywords: adolescents; anxiety; general characteristics; physical characteristics; psychological characteristics; secondhand alcohol-
related harm

1. Introduction
Adolescence is a formative stage characterized by ma-

jor developmental changes and the emergence of essential
psychosocial and adaptive skills (Crews et al., 2016). Men-
tal disorders that emerge during adolescence result from
a complex interplay between genetic predispositions and
environmental associations (Davidson et al., 2015). Al-
though genetic factors confer vulnerability, environmental
disruptions during sensitive periods may contribute signif-
icantly to psychopathology. Adolescents are particularly
sensitive to environmental associations owing to their ongo-
ing neurodevelopment and limited autonomy, making ad-
verse exposure more likely to negatively affect their men-
tal health (Do et al., 2020). Such developmental char-
acteristics heighten adolescents’ vulnerability to external
stressors, particularly when those stressors occur in unpre-
dictable or adverse environments.

A significant environmental risk factor in this regard
is secondhand alcohol-related harm (SHAH), which arises
from alcohol-induced impairments in judgment and emo-
tional regulation and has been associated with aggressive
behavior as well as with emotional, physical, and social
forms of harm (Hoaken and Stewart, 2003; Laslett et al.,
2019; Sontate et al., 2021). SHAH encompasses emotional,

physical, and social consequences resulting from others’
drinking. Prior studies have shown that SHAH contributes
to broader social difficulties and places persistent psycho-
logical burdens on those who experience it (Room et al.,
2010). Adolescents may have fewer mechanisms to buffer
alcohol-related disruptions in their environment because
their autonomy and regulatory capacities are still develop-
ing, increasing their reliance on adults for emotional sta-
bility (Steinberg, 2014). Considering the social and emo-
tional dependency characteristics of adolescents, exposure
to SHAH can critically undermine mental well-being and
exacerbate the risks of anxiety, depression, and social dys-
function.

Exposure to others’ drinking may be associated with
anxiety through psychosocial pathways. Stressful or un-
predictable drinking-related situations can heighten daily
stress, disrupt sleep, and undermine a sense of security, all
of which are strongly associated with adolescent anxiety
(Chai and Bian, 2024; Zheng and Peng, 2025). Repeated
exposure to adverse or unstable environments has been
linked to increased hopelessness, emotional withdrawal,
and suicidal thoughts in adolescents, indicating that envi-
ronmental stressors can accumulate and heighten psycho-
logical vulnerability (Landberg et al., 2019; Toro et al.,
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2025). Recent increases in indicators of psychological dis-
tress among adolescents highlight the need to identify envi-
ronmental factors that contribute to anxiety (Maurer et al.,
2025).

Previous studies have shown that adolescents exposed
to alcohol-related parental harm report more intense anxi-
ety symptoms (Ramirez-Meneses et al., 2025). Such expo-
sure may compromise adolescents’ emotional security and
increase vulnerability to anxiety. However, this issue is not
limited to parental SHAH towhich adolescents are exposed.
Studies on university students have shown that SHAH in-
volves sleep disruptions, harassment, and insults that sig-
nificantly increase anxiety (Thompson et al., 2017). There-
fore, SHAH from both family members and a broader range
of unspecified individuals poses a threat to adolescent men-
tal health and exacerbates anxiety. Recent studies indicate
that psychosocial factors—stress, sleep problems, social
isolation, depressive symptoms, and suicidal thoughts—
contribute differently to the association between SHAH and
anxiety in adolescents (Trangenstein et al., 2025). Sociode-
mographic factors, such as socioeconomic status, sex, and
academic performance, also warrant consideration as deter-
minants of vulnerability to anxiety. Of particular concern is
the limited number of large-scale, nationally representative
analyses focusing on adolescents. The present study ad-
dressed this gap by comparing the factors influencing anx-
iety among adolescents with and without SHAH exposure.

Current research that comprehensively assesses the
impact of SHAH on adolescent anxiety remains scarce, and
studies integrating diverse biological, psychological, and
social determinants are particularly limited. Differentiating
the factors influencing anxiety in both groups from those
observed only in SHAH-related environments may provide
clearer insight into how harmful drinking contexts relate to
anxiety among adolescents. Prior research has identified
a range of demographic, behavioral, and psychosocial ele-
ments that have been associated with anxiety among adoles-
cents. These elements include socioeconomic conditions,
dietary and physical activity patterns, substance use, and
difficulties related to stress, sleep problems, and difficul-
ties with emotional regulation (Lee et al., 2023; Maurer et
al., 2025; Nash, 2025; Wang et al., 2025; Zheng and Peng,
2025). Exposure to harmful drinking environments has also
been recognized as an important environmental exposure
for adolescents, who often have limited autonomy to mod-
ify their surroundings and depend on adults for emotional
stability. Based on this evidence, the present study included
variables from these domains and incorporated SHAH to
examine factors influencing adolescent anxiety across dif-
ferent exposure contexts. The findings provide a basis for
identifying adolescents who are vulnerable to anxiety in
SHAH-related contexts and contribute to the development
of future preventive and supportive strategies.

2. Materials and Methods
2.1 Conceptual Framework

The conceptual framework of this study is shown in
Fig. 1.

2.2 Participants
A total of 54,653 people participated in the 20th Ko-

rean Youth Health Behavior Survey conducted in 2024. Of
these, 52,150 took part in this study; 22,241 had experience
with SHAH, and 29,909 had not. SHAH experience was de-
termined based on responses to the following item: “Dur-
ing the past 12 months, have you experienced any of the
following due to another person’s drinking?” Respondents
who reported none of the four situations listed below were
assigned to the non-exposure group, whereas those who re-
ported experiencing at least one situation were categorized
as exposed.

• I have been harassed or bothered by people drinking
alcohol in public places or on the street.

• I have felt afraid when encountering people drinking
on the street.

• I have had difficulty sleeping at night because of peo-
ple drinking alcohol.

• I have felt unsafe in public places because of the pres-
ence of people drinking alcohol.

2.3 Variables
The study variables were categorized into general,

physical, and psychological characteristics. General char-
acteristics included sex, school classification (middle
school or high school), academic grade level (upper, mid-
dle, lower), household economic level (upper, middle,
lower), residential type (living with family or others), sex-
ual intercourse experience (yes or no), drug experience (yes
or no), experience of therapy for violence (yes or no), fre-
quency of breakfast consumption per week (0, 1–2, 3–
5, ≥6), and frequency of fast food consumption (0, 1–2
times/week, 3–6 times/week, ≥1/day).

Physical and psychological characteristics included
days of physical activity per week (0, 1–2, ≥3), Body
Mass Index (BMI; <18.5 kg/m2, 18.5–24.9 kg/m2, ≥25
kg/m2), perceived stress levels (feel a lot, feel a little, feel
almost nothing), sleep satisfaction (enough, moderate, not
enough), alcohol consumption (yes or no), smoking sta-
tus (yes or no), subjective health (healthy, moderate, un-
healthy), sadness or despair (yes or no), suicidal ideation
(yes or no), suicide planning (yes or no), suicide attempts
(yes or no), loneliness (feel less, feel more), and anxiety.
The number of days of physical activity per week was cat-
egorized based on responses to the question, “In the past
seven days, on how many days did you engage in physical
activity that increased your heart rate or caused you to be
out of breath for a total of at least 60 minutes per day, re-
gardless of the type of activity?” Anxiety was assessed us-
ing the 7-item Generalized Anxiety Disorder Scale (GAD-
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Fig. 1. Conceptual framework.

7) developed by Spitzer et al. (2006). The GAD-7 employs
a four-point Likert scale with total scores ranging from 0 to
21.

A higher score indicates greater anxiety, and the range
of scores is 0–21. 0–4 indicates normal levels, 5–9 mild
anxiety, 10–14 moderate anxiety, and 15–21 severe anxiety.

2.4 Procedure

We conducted a secondary analysis of raw data from
the 20th (2024) Korea Youth Health Behavior Survey. The
Korea Youth Health Behavior Survey is a nationally ap-
proved annual statistical project initiated in 2005, designed
to assess the health behaviors of Korean adolescents (Na-
tional Approval Statistics (Approval No. 117058)). The
survey targeted students from the first year of middle school
to the third year of high school, and employed an anony-
mous self-administered online questionnaire. The Korea
Youth Health Behavior Survey is administered collabora-

tively by the Korea Disease Control and Prevention Agency
(KDCA) and the Ministry of Education. Nationwide sam-
pling was conducted among middle- and high-school stu-
dent populations using a multistage stratified sampling de-
sign. The sampling process consisted of three phases: strat-
ification of the target population, allocation of the sample,
and selection of the sampled units. For the 20th iteration
in 2024, the survey was administered to 800 schools, com-
prising 400 middle schools and 400 high schools across the
country.

2.5 Data Analysis

Data analyses were performed using SPSS version
27.0 (IBM Corp., Armonk, NY, USA). Following KDCA
recommendations, a complex sampling plan file was cre-
ated, incorporating strata, clusters, and weights, after which
complex sample analyses were performed. The signifi-
cance level was set at p < 0.05. Descriptive statistics,
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including means and weighted percentages, were used to
summarize the general characteristics and physical and psy-
chological attributes of adolescents. Differences in gen-
eral characteristics according to the presence or absence of
SHAH were examined using complex sample chi-square
tests and t-tests. Factors influencing anxiety based on expo-
sure to SHAH were analyzed using complex-sample linear
regression models.

3. Results
3.1 Differences in General Characteristics by Secondhand
Alcohol-Related Harm Exposure

Significant differences in general characteristics were
observed based on exposure to SHAH, specifically in terms
of sex, academic achievement, economic status, substance
use experience, history of violence treatment, and fre-
quency of breakfast consumption (Table 1). Participants
who experienced SHAH were more likely to be female,
have a higher academic grade level, and report a lower
household economic level. This group also included a
greater proportion of individuals with experience of sub-
stance use or a history of violence treatment. Additionally,
a higher frequency of both non-breakfast consumption and
breakfast intake six or more times per week was observed
among those exposed to SHAH.

3.2 Differences in Physical and Psychological
Characteristics by SHAH Exposure

Significant differences were observed between the ex-
posed and unexposed groups to SHAH across all physical
and psychological characteristics (Table 2). Adolescents
exposed to SHAH exhibited fewer days of physical activ-
ity, a lower BMI, higher stress levels, and decreased sleep
satisfaction. The non-exposed group reported higher rates
of current alcohol use and smoking and perceived them-
selves as healthier. Suicidal ideation, planning, and at-
tempts were more prevalent among those with SHAH ex-
posure, and this group also demonstrated greater feelings
of sadness or hopelessness, loneliness, and higher anxiety.

3.3 Factors Associated With Anxiety According to SHAH
Exposure

Among adolescents not exposed to SHAH, factors
significantly associated with anxiety included sex, house-
hold economic level, drug experience, frequency of break-
fast consumption, physical activity, stress level, sleep sat-
isfaction, alcohol consumption, smoking status, subjective
health, sadness or hopelessness, suicidal ideation, suicide
planning, suicide attempts, and loneliness. These factors
explained 42.0% of the variance in anxiety levels (F =
468.30, p < 0.001) (Table 3).

Adolescents with an upper household economic level
had anxiety scores 0.586 times lower than those with a
lower household economic level.

Compared to adolescents without drug experience,
those with drug use had 1.001 times higher anxiety. Com-
pared to adolescents who ate breakfast more than six times
a week, those who did not have breakfast had anxiety scores
0.115 times lower. Compared to adolescents who exercised
more than three days a week, those who exercised once or
twice had anxiety scores 0.128 times higher. Compared to
adolescents who rarely felt stressed, those who felt a lot
of stress had 2.853 times higher anxiety, and those who
felt a little stress had 0.957 times higher anxiety. Com-
pared to adolescents who did not have sufficient sleep, those
who had sufficient sleep had 0.635 times lower anxiety,
and those with moderate sleep had 0.498 times lower anx-
iety. Compared with adolescents who did not drink alco-
hol, those who drank alcohol had 0.148 times higher anx-
iety, and those who smoked had 0.190 times lower anxi-
ety compared to those who did not. Compared to adoles-
cents who felt unhealthy, adolescents who felt healthy had
1.330 times lower anxiety, and adolescents who felt aver-
age had 0.726 times lower anxiety. Compared to adoles-
cents who did not feel sadness or despair, adolescents who
did feel sadness or despair had anxiety scores 1.759 times
higher, and compared to adolescents who did not have suici-
dal ideation, adolescents who did have suicidal ideation had
anxiety 1.408 times higher. Compared to adolescents who
did not have suicidal plans, adolescents who did have suici-
dal plans had anxiety 1.242 times higher, and compared to
adolescents who did not attempt suicide, adolescents who
did attempt suicide had anxiety 0.843 times higher. Com-
pared to adolescents who felt a lot of loneliness, adolescents
who felt little loneliness had anxiety scores 2.870 times
lower.

Among adolescents exposed to SHAH, factors signif-
icantly associated with anxiety included sex, grade level,
household economic level, drug experience, frequency of
breakfast consumption, BMI, stress level, sleep satisfac-
tion, subjective health, sadness or hopelessness, suicidal
ideation, suicide planning, suicide attempts, and loneliness.
These factors explained 44.7% of the variance in anxiety
levels (F = 491.79, p < 0.001).

Anxiety was 0.226 times lower in males than in fe-
males, and adolescents had anxiety scores 0.543 times
lower than adolescents with lower academic grades, and
adolescents with middle grades had anxiety scores 0.585
times lower than adolescents with lower academic grades.
Adolescents with a history of drug use had 1.101 points
higher anxiety scores than adolescents without a history of
drug use. Compared to adolescents who ate breakfast 6 or
more times a week, those who did not eat breakfast had
anxiety scores 0.157 lower, and those who ate breakfast 1–
2 times had anxiety scores 0.191 times lowe. Adolescents
with a BMI of less than 18.5 kg/m2 had 0.192 points lower
anxiety than adolescents with a BMI of 25 kg/m2 or higher.
Compared to adolescents who felt unhealthy, adolescents
who felt healthy had 1.622 points lower anxiety, and ado-
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Table 1. Differences in general characteristics depending on exposure to secondhand alcohol-related harm (n = 52,150).

Characteristics Categories
No experience of being harmed

by others’ drinking
Experience of being harmed by

others’ drinking
χ2 (p)

N (weighted %)/M ± (SE) N (weighted %)/M ± (SE)

Sex
Male 18,730 (62.900) 7943 (35.700)

3804.690 (<0.001)
Female 11,179 (37.100) 14,298 (64.300)

School classification
Middle school 15,776 (49.900) 11,766 (50.200)

0.520 (0.735)
High school 14,133 (50.100) 10,475 (49.800)

Academic grade level
Upper 3629 (12.100) 3039 (13.600)

110.290 (<0.001)Middle 23,097 (77.300) 17,398 (78.300)
Lower 3181 (10.600) 1803 (8.100)

Household economic level
Upper 3651 (12.400) 2366 (10.900)

31.640 (<0.001)Middle 25,714 (85.900) 19,404 (87.100)
Lower 541 (1.800) 469 (2.000)

Residential type
Living with family 28,417 (95.900) 21,210 (96.100)

1.410 (0.368)
Others 1488 (4.100) 1028 (3.900)

Experience of sexual
intercourse

Yes 1845 (6.400) 1306 (6.000)
3.700 (0.108)

No 28,064 (93.600) 20,935 (94.000)

Drug experience
Yes 316 (1.100) 364 (1.700)

37.65 (<0.001)
No 29,593 (98.900) 21,877 (98.300)

Experience of therapy
for violence

Yes 619 (2.000) 633 (2.700)
26.430 (<0.001)

No 29,290 (98.000) 21,608 (97.300)

Frequency of breakfast
consumption (day/week)

0 5415 (24.500) 7756 (26.100)

48.360 (<0.001)
1–2 4016 (18.000) 4859 (16.200)
3–5 5723 (25.300) 7362 (24.200)
≥6 7087 (32.200) 9932 (33.500)

Frequency of fast
food consumption

0 4633 (15.200) 3379 (14.900)

8.020 (0.090)
1–2/week 16,821 (56.000) 12,622 (56.400)
3–6/week 7733 (26.400) 5776 (26.600)
≥1/day 722 (2.500) 464 (2.100)

SE, standard error.

lescents who reported average health had 0.955 times lower
anxiety. Compared to adolescents who did not have sad-
ness or despair, adolescents who did had anxiety scores
1.667 points higher, and compared to adolescents who did
not have suicidal ideation, adolescents who did had anxiety
1.475 points higher. Compared to adolescents who did not
have suicidal plans, adolescents who did have suicidal plans
had anxiety 0.947 points higher, and compared to adoles-
cents who did not attempt suicide, adolescents who did had
anxiety 0.753 points higher. Compared to adolescents who
felt a lot of loneliness, adolescents who felt little loneliness
had anxiety 2.904 points lower.

4. Discussion
This study examined adolescents with and with-

out SHAH exposure and identified several demographic,
behavioral, and emotional differences between the two
groups. Based on these differences, the discussion exam-
ines risk factors that were common across both groups and
patterns specific to adolescents exposed to SHAH.

The discussion first examines the factors that appeared
in both groups.

Several demographic, behavioral, and emotional char-
acteristics were associated with anxiety regardless of
SHAH exposure. Female adolescents reported higher anx-
iety levels, consistent with established evidence on sex-
based vulnerability to anxiety (Bao andHan, 2025; Sanchis-
Sanchis et al., 2020). Prior research has also shown that
women are more likely to experience harm caused by oth-
ers’ drinking, which provides additional context for the
heightened vulnerability observed among adolescents ex-
posed to adverse environments (Room et al., 2010).

Economic status was associated with anxiety, and
adolescents from economically disadvantaged households
showed heightened emotional vulnerability. Socioeco-
nomic disadvantage is known to contribute to disparities in
adolescent mental health (Maurer et al., 2025). Prior evi-
dence also indicates that economically vulnerable individ-
uals are more susceptible to harm caused by others’ drink-
ing, which provides relevant context for understanding the
broader vulnerabilities observed in this study (Karriker-
Jaffe et al., 2017).

Substance use was associated with anxiety in both
groups, aligningwith evidence that adolescent substance in-
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Table 2. Differences in physical and psychological characteristics according to exposure to secondhand alcohol-related harm (n
= 52,150).

Characteristics Categories
No experience of being harmed

by others’ drinking
Experience of being harmed by

others’ drinking
χ2/t (p)

N (weighted %)/M ± SE N (weighted %)/M ± SE

Physical activity (days/week)
0 8567 (29.100) 7086 (32.700)

256.510 (<0.001)1–2 8548 (28.700) 7125 (32.100)
≥3 12,794 (42.100) 8030 (35.200)

Body mass index (kg/m2)
<18.5 5810 (20.200) 4869 (23.100)

149.210 (<0.001)18.5–24.9 17,489 (61.200) 13,140 (62.000)
≥25 5374 (18.600) 3259 (14.900)

Stress level
Feel a lot 10,818 (36.200) 11,147 (50.400)

1333.120 (<0.001)Feel a little 13,249 (44.600) 8665 (38.900)
Feel almost nothing 5842 (19.200) 2429 (10.700)

Sleep satisfaction
Enough 7822 (25.500) 3934 (17.200)

965.980 (<0.001)Moderate 9610 (32.100) 6101 (27.200)
Not enough 12,477 (42.500) 12,206 (55.600)

Alcohol consumption
Yes 9497 (32.100) 6394 (28.900)

63.870 (<0.001)
No 20,412 (67.900) 15,847 (71.100)

Smoking status
Yes 2526 (8.500) 1457 (6.600)

65.940 (<0.001)
No 27,383 (91.500) 20,784 (93.400)

Subjective health
Healthy 20,976 (70.000) 13,643 (61.400)

473.980 (<0.001)Average 6677 (22.500) 6020 (26.900)
Unhealthy 2256 (7.500) 2578 (11.600)

Sadness or despair
Yes 6785 (22.600) 7564 (33.800)

794.610 (<0.001)
No 23,124 (77.400) 14,677 (66.200)

Suicidal ideation
Yes 2804 (9.400) 3733 (16.700)

620.140 (<0.001)
No 27,105 (90.600) 18,508 (83.300)

Suicide planning
Yes 1062 (3.500) 1409 (6.200)

201.900 (<0.001)
No 28,847 (96.500) 20,832 (93.800)

Suicide attempts
Yes 618 (2.000) 802 (3.500)

105.770 (<0.001)
No 29,291 (98.000) 21,439 (96.500)

Loneliness
Feel less 25,735 (85.800) 16,762 (75.300)

917.660 (<0.001)
Feel more 4174 (14.200) 5479 (24.700)

Anxiety

No anxiety 10.48 (0.030) 12.75 (0.040) 47.960 (<0.001)
Mild anxiety 16,507 (56.200) 7045 (33.800)

2710.610 (<0.001)Moderate anxiety 9279 (32.500) 8847 (43.400)
Severe anxiety 3233 (11.300) 4680 (22.800)

volvement is often associated with mental health challenges
(Nash, 2025). However, evidence showing that substance
use contributes to anxiety remains limited. Longitudinal
research may help clarify the conditions under which sub-
stance use and anxiety co-occur. In this study, stress levels
showed an association with anxiety, consistent with prior
findings linking academic stress to elevated anxiety in ado-
lescents (Zheng and Peng, 2025). Sleep satisfaction is an-
other relevant factor, given that inadequate sleep can hinder
emotional regulation and is related to a higher risk of anx-
iety (Chai and Bian, 2024). This study found that adoles-
cents who rarely consumed breakfast reported lower anxi-
ety than those who ate breakfast more frequently. This re-
sult does not indicate that skipping breakfast reduces anxi-
ety. Prior studies have repeatedly shown that regular break-

fast consumption is associated with lower anxiety (Nau-
moska et al., 2025; Wang et al., 2025). A possible inter-
pretation is that adolescents who do not consume breakfast
may differ from regular breakfast eaters in broader patterns
of daily living. Breakfast habits form part of daily routines
that include sleep schedules, preparation before school, aca-
demic demands, and family organization. These routines
can shape the way adolescents perceive and report their
emotional states. Some adolescents skip breakfast for aca-
demic or personal reasons, and unmeasured factors related
to these circumstances may have been associated with the
finding. Daily experiences during adolescence may also
vary according to cultural background or other subgroup
characteristics. These contextual differencesmay have con-
tributed to the observed patterns. Further research using
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Table 3. Factors associated with anxiety according to exposure to secondhand alcohol-related harm (n = 52,150).

Characteristics
No experience of being harmed

by others’ drinking
Experience of being harmed

by others’ drinking

B SE t (p) B SE t (p)

Sex (ref.: female) Male –0.292 0.048 –6.130 (<0.001) –0.226 0.065 –3.480 (0.001)
Academic grade level
(ref.: lower)

Upper 0.077 0.098 0.780 (0.434) –0.543 0.133 –4.090 (<0.001)
Middle 0.040 0.078 0.510 (0.609) –0.585 0.115 –5.090 (<0.001)

Household economic level
(ref.: lower)

Upper –0.586 0.201 –2.900 (0.004) –0.887 0.271 –3.270 (0.001)
Middle –0.355 0.194 –1.830 (0.067) –0.888 0.260 –3.410 (0.001)

Drug experience (ref.: no) Yes 1.001 0.305 3.280 (0.001) 1.101 0.318 3.460 (0.001)
Experience of therapy for
violence (ref.: no)

Yes –0.381 0.202 –1.880 (0.060) –0.361 0.252 –1.430 (0.153)

Frequency of breakfast
consumption (ref.: ≥6)

0 –0.115 0.056 –2.050 (0.040) –0.157 0.075 –2.080 (0.037)
1–2 –0.056 0.065 –0.860 (0.390) –0.191 0.084 –2.270 (0.023)
3–5 –0.090 0.054 –1.670 (0.095) 0.043 0.071 0.600 (0.547)

Physical activity (ref.: ≥3)
0 0.047 0.052 0.900 (0.368) 0.133 0.075 1.770 (0.076)
1–2 0.128 0.050 2.560 (0.010) –0.087 0.068 –1.280 (0.199)

Body mass index (ref.: ≥25)
<18.5 –0.034 0.068 –0.490 (0.620) 0.192 0.094 2.050 (0.041)

18.5–24.9 0.073 0.057 1.270 (0.202) 0.077 0.078 0.980 (0.324)
Stress level (ref.: feel al-
most nothing)

Feel a lot 2.853 0.059 48.610 (<0.001) 3.689 0.078 47.390 (<0.001)
Feel a little 0.957 0.036 26.800 (<0.001) 1.412 0.064 21.990 (<0.001)

Sleep satisfaction (ref.:
not enough)

Enough –0.635 0.052 –12.300 (<0.001) –0.669 0.074 –9.050 (<0.001)
Moderate –0.498 0.048 –10.390 (<0.001) –0.411 0.060 –6.790 (<0.001)

Alcohol consumption (ref.:
no)

Yes 0.148 0.050 2.960 (0.003) –0.114 0.065 –1.750 (0.080)

Smoking status (ref.: no) Yes –0.190 0.088 –2.160 (0.031) –0.080 0.128 –0.620 (0.531)
Subjective health (ref.:
unhealthy)

Healthy –1.330 0.107 –12.480 (<0.001) –1.622 0.115 –14.110 (<0.001)
Average –0.726 0.113 –6.420 (<0.001) –0.955 0.122 –7.800 (<0.001)

Sadness or despair (ref.: no) Yes 1.759 0.069 25.510 (<0.001) 1.667 0.076 21.950 (<0.001)

Suicidal ideation (ref.: no) Yes 1.408 0.125 11.260 (<0.001) 1.475 0.118 12.490 (<0.001)
Suicide planning (ref.: no) Yes 1.242 0.194 6.400 (<0.001) 0.947 0.165 5.720 (<0.001)
Suicide attempts (ref.: no) Yes 0.843 0.252 3.340 (0.001) 0.753 0.224 3.360 (0.001)
Loneliness (ref.: feel more) Feel less –2.870 0.092 –31.350 (<0.001) –2.904 0.090 –32.280 (<0.001)
F (p)/R2 468.30 (<0.001)/0.420 491.79 (<0.001)/0.447

longitudinal designs is needed to examine how breakfast
habits relate to emotional development over time.

Emotional vulnerability indicators, including feelings
of sadness or hopelessness, suicidal ideation, suicide plan-
ning, and suicide attempts, were identified as common fac-
tors influencing adolescent anxiety, regardless of SHAH
exposure. This finding aligns with recent evidence showing
that depression and anxiety frequently co-occur during ado-
lescence and are closely associated with an elevated risk of
suicide (Toro et al., 2025). Higher anxiety levels have also
been linked to later suicidal ideation and attempts, reinforc-
ing the association between anxiety and suicidality (Fang et
al., 2024). These findings suggest that suicide-related risk
factors play a key role in adolescents’ emotional vulnera-
bility, highlighting the importance of early identification.

Several factors were associated with anxiety only
among adolescents who had been exposed to SHAH. Aca-
demic achievement emerged as a significant factor in this

group, suggesting that unstable or stressful environments
may amplify anxiety related to academic pressure or eval-
uative situations. The association between academic per-
formance and anxiety among adolescents who experienced
SHAH can be interpreted in light of the effects of envi-
ronmental stress on cognitive and emotional functioning.
These factors may lead to reduced academic concentration
and heightened perception of threat during evaluative situ-
ations. Although direct evidence is limited, previous find-
ings offer relevant comparisons. Academic achievement
was associated with anxiety only in the SHAH-exposed
group, suggesting that exposure-related stress may inten-
sify the emotional demands of academic situations. Com-
parable patterns have been reported in studies of second-
hand smoke exposure, where adolescents show lower aca-
demic performance and greater emotional difficulties (Choi
et al., 2020; Wan et al., 2024). BMI scores also showed
a significant association with anxiety only among adoles-
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cents exposed to SHAH. BMI is closely tied to body im-
age and self-evaluation in adolescence. Prior research has
shown that a higher BMI score is linked to lower self-
esteem (Meland et al., 2021) and increased vulnerability
to anxiety (Gariepy et al., 2010). In emotionally unstable
environments, BMI-related self-evaluations may become
more reactive. Although direct empirical evidence of the
relationship between SHAH and BMI remains limited, the
present findings may be interpreted in terms of psychoso-
cial pathways. Future research may help clarify how BMI-
related self-evaluation contributes to anxiety in the context
of SHAH.

Among adolescents without exposure to SHAH, phys-
ical activity, alcohol use, and smoking were associated with
anxiety. Low physical activity frequency (one to two days
per week) was associated with higher anxiety, a pattern con-
sistent with prior evidence (Lee et al., 2023). This suggests
that health behaviors may play a more direct role in emo-
tional regulation when adolescents are not exposed to harm-
ful environmental conditions.

Alcohol consumption and smoking were also factors
associated with anxiety only in the non-exposed group. A
similar pattern has been observed in secondhand smoke
exposure research, where these behaviors show stronger
associations with anxiety among adolescents not exposed
to harmful environmental conditions. Such findings sug-
gest that in more stable environments, individual health be-
haviors may be more directly associated with emotional
regulation. These findings indicate that harmful environ-
mental conditions may be associated with interference in
emotional and behavioral regulation, limiting the extent to
which health behaviors are reflected in anxiety levels (Lim
et al., 2024).

These findings underscore the importance of a com-
prehensive analytical approach, which is a strength of this
study. This study conducted an integrated analysis of be-
havioral, emotional, and environmental factors associated
with adolescent anxiety in relation to SHAH exposure. By
examining adolescents exposed and not exposed to SHAH
within the same analytic framework, it distinguishes risk
factors that are observed across both groups from those that
appear only under SHAH-related conditions. This struc-
ture enables a clearer understanding of both general vul-
nerabilities and exposure-specific patterns. The use of na-
tionally representative data enhances the generalizability of
the findings, and the inclusion of multiple domains offers a
more comprehensive perspective than studies focusing on
single predictors.

Limitations

This study has several limitations. The analysis was
based on cross-sectional data, which does not allow the de-
termination of temporal order and limits causal interpre-
tation. The study also relied on nationally collected sec-
ondary survey data, and the variables available for analysis

were limited by the structure of the dataset. The regression
model did not include interaction terms between SHAH and
the individual predictors, and the absence of these terms
may have reduced the ability to identify subtle differences
in associations according to SHAH status. Future longitu-
dinal studies can address these limitations by incorporating
temporal information and contextual characteristics. A lon-
gitudinal approach permits the examination of developmen-
tal changes and clarifies the manner in which SHAH expo-
sure relates to behavioral and emotional responses among
adolescents.

5. Conclusions
This study contributes to existing research by identify-

ing the factors associated with adolescent anxiety irrespec-
tive of SHAH exposure and those that emerged only among
SHAH-exposed adolescents. These findings suggest that
certain risk factors may show associations that are indepen-
dent of environmental exposure, whereas others may vary
according to the presence of SHAH-related experiences.
Intervention strategies for adolescents exposed to SHAH
may benefit from incorporating the exposure-specific fac-
tors identified in this analysis. The factors observed across
exposure groups underscore the foundational elements that
should inform a broader framework for adolescent anxiety
interventions.
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