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ABSTRACT: Background: Adverse childhood experiences (ACEs) are a significant issue in adolescent health due to
their robust correlation with deficits in executive functions (EF) and health risk behaviors (HRBs). This study aimed
to examine the association between ACEs and a range of HRBs, including substance use, sexual risk behavior, suicidal
ideation, physical inactivity, and violence. Methods: This cross-sectional study used self-administered questionnaire
and cluster sampling in seven junior high schools in Samarinda, Indonesia, with a sample size of 534 students. Data
analysis using descriptive statistics, the Chi-square test, the independent t-test, ANOVA, binary logistic regression,
and mediation analysis with macro-PROCESS. Results: The most common ACEs were community violence (68.0%),
physical neglect (52.8%), psychological/emotional abuse (52.6%), physical abuse (50.4%), and peer bullying (45.9%).
Adolescents with more than five ACEs showed significantly higher involvement in smoking/vaping (67.9%), suicidal
ideation (75.2%), sexual risk behavior (57.7%), bullying (64.3%), and physical fighting (59.7%) (p < 0.001). ACEs were
significantly correlated with EF deficits (r = 0.471, p < 0.01) and HRB (r = 0.578, p < 0.01). Regression analysis confirmed
that ACEs predicted EF deficits (β = 0.466, p < 0.001) and HRB (β = 0.469, p < 0.001), with EF deficits partially
mediating this relationship (β = 0.107, 95% CI [0.045, 0.094]). In addition, two subdomains of EF deficits, self-motivation
(β = 0.042) and self-regulation of emotion (β = 0.032), significantly mediated the relationship between ACEs and HRBs.
Conclusion: These findings suggest an important role for EF deficits in linking childhood adversity to engagement
in risky behaviors. Addressing ACEs and EF deficits (self-motivation and self-regulation of emotion) through early
intervention may be important in reducing long-term health risks among Indonesian adolescents.
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1 Introduction
Many individuals have faced adverse or traumatic experiences during their childhood. The Centers for

Disease Control and Prevention (CDC) estimates that at least one in six adults encountered five or more types
of adverse childhood experiences (ACEs) during adolescence [1]. Prior research highlights that exposure
to adversity during childhood and adolescence significantly shapes adult health outcomes through various
psychosocial mechanisms, elevating the risk of long-term health complications [2]. In specific regions,
particularly in Southeast Asia, studies involving students from ASEAN countries such as Indonesia, Thailand,
Malaysia, Vietnam, and Myanmar have demonstrated that exposure to violence increases the likelihood of
mental health issues, engagement in risky behaviors, and addiction in adulthood. ACEs are highly prevalent
among adolescents and young adults in Southeast Asia and have a strong dose-response relationship with
increased risk of various health risk behaviors, such as risky sexual behavior, physical inactivity, substance
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use, and suicide risk [3,4]. Additionally, data from Indonesia’s Ministry of Women’s Empowerment and
Child Protection reveals that nearly half of boys (47.7%) and 18% of girls aged 13–17 experienced physical
or psychological abuse in 2013 [5]. The previous study found that nearly 80% of adolescents in Indonesia
experienced at least one traumatic event, with depression symptoms similarly prevalent in both boys and
girls [6]. Despite the prevalence of child violence, research on ACEs in Indonesia remains scarce [7], though
it is critically linked to future health risk behaviors among adolescents.

Extensive research has established a robust link between ACEs and adverse health outcomes. Prior
studies underscore the significant correlation between ACE exposure and the increased likelihood of
developing physical health issues [8]. Even minimal exposure to ACEs has been shown to negatively
impact an individual’s health condition and behaviors [9,10]. The importance of ACEs lies not only in their
immediate effects but also in their long-term consequences on health outcomes and behaviors [11]. ACEs are
very common among adolescents and have a significant impact on physical, mental health, and risk behavior,
especially when the number of ACEs is high. However, in addition to the number, the specific pattern or
combination of ACEs also determines the level, type, and combination of negative impacts experienced [12],
especially on aspects of emotion, personality, behaviors, and executive functions (EF) [9,13,14]. ACEs have
been associated with various risky behaviors, including smoking, alcohol abuse, promiscuity, obesity, drug
use, and poor self-rated health [15]. Individuals with four or more ACEs face elevated risks of behavioral
health problems, ranging from sedentary lifestyles and obesity to more severe issues like substance abuse
and mental health disorders [16]. They also had increased risks for smoking, severe obesity, physical
inactivity, sexually transmitted diseases, unintended pregnancies, and a higher prevalence of diseases like
ischemic heart disease, neoplasia, chronic pulmonary illness, skeletal fractures, and hepatic [10,17]. Covariate
variables, such as age, sex, and minority status, have been investigated as potential factors influencing
the relationship between ACEs and these behaviors [18]. The connection between ACEs and health risk
behaviors in adolescents remains a key focus of this research, as evidence suggests that exposure to ACEs
increases the likelihood of engaging in behaviors that compromise health, underscoring the necessity for
targeted interventions to mitigate these risks [19]. Moreover, ACEs have been associated with delinquency,
substance use initiation, and emotional distress in high-risk adolescents, highlighting the critical need for
early intervention and support for these vulnerable groups [20]. A deeper understanding of the link between
ACEs and adolescent behavioral issues can offer valuable insights into the complex effects of childhood
adversity on multiple dimensions of well-being [21].

Previous research has identified a correlation between ACEs and impairments in executive function
domains, including problem-solving abilities and reasoning skills [22,23]. EF deficits linked to ACEs also
play a role in elevating the risk of adolescents participating in health risk behaviors. Research indicates
that impaired skills in planning, problem-solving, and decision-making, associated with EF deficits, can
forecast involvement in risky activities such as substance abuse, unsafe sexual practices, and aggression.
Adolescents exhibiting these EF deficits are often less inclined to weigh the long-term repercussions of
their actions [24,25]. The scope of EF such as cognitive abilities such as higher EF, including attention,
perseverance, goal orientation, planning, problem solving, and working memory [26,27]. These mechanisms
enable adolescents to manage and adjust their behavior in order to reach their goals [28].

The association between EF deficits and risk-taking behaviors is particularly pronounced in adolescents
and young adults, given that their frontal systems are still undergoing development. This research further
elucidates that the elevated susceptibility to risk-taking during adolescence can be attributed to a stronger
inclination towards immediate rewards and an underdeveloped ability to manage impulses, which are
characteristic of this developmental stage [29]. Evidence links ACEs to reduced EF and increased health risk
behaviors, but the exact mechanisms affecting short-term and long-term memory remain unclear [16,30].
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Another gap that needs to be studied is to see the interaction of mediating factors, such as EF, in a specific
domain of goal-directed behavior [31], which can affect the relationship between ACEs and health risk
behaviors. Previous studies provide consideration of psychosocial factors in viewing the development of
adolescents with ACEs and need to develop interventions that can reduce the impact of ACEs later in life,
especially related to direct health behavior impacts [32,33].

In this study, we examined EF deficits as a key mediator, consisting of five primary components: self-
management of time, self-organization/problem-solving, self-restraint, self-motivation, and self-regulation
of emotion [34–36]. EF deficits were chosen as a mediator because development is significantly influenced
by ACEs and can affect the potential for engaging in risky health behaviors during adolescence and
adulthood [34]. Other studies have shown that EF deficits, which are often linked to early-life adversities,
can impair one’s ability to regulate behaviors and emotions, leading to greater susceptibility to health-risk
behaviors (HRBs), such as substance use and risky sexual activities [37,38]. These cognitive deficits are associ-
ated with a range of negative outcomes, including poorer mental health and lower educational achievement,
emphasizing the critical role of EF in mitigating the long-term impacts of childhood adversity [39,40].

The extant literature suggests that negative childhood experiences affect EF [34] and health risk
behavior among adolescents [19,41]. Despite previous cross-sectional studies on ACEs and risky health
behaviors [42,43], studies that focus on various components of EF deficits among Asian adolescents are
still limited, especially bridging the relationship between ACEs and HRBs. In addition, existing studies in
Indonesia tend to observe trauma [44,45], lack of literacy related to the impacts of complex health risk
behaviors such as substance use, low nutritional intake, lack of physical activity, suicidal ideation, risky sexual
behavior, bullying experiences, and physical fights. Addressing this gap is essential to develop more effective
interventions aimed at reducing long-term health risks and mapping potential health risk behaviors that
are in accordance with the characteristics of Asian adolescents in Indonesia. The objectives of this study are
(1) to identify the prevalence of ACEs based on gender and sociodemographic factors; (2) to examine the
relationship between ACEs, EF deficits, and HRBs; (3) to determine the predictive power of ACEs on HRBs;
(4) to investigate the mediating role of EF deficits in the link between ACEs and HRBs.

2 Materials and Methods

2.1 Study Design and Setting
A total of 534 junior high school students from 7 schools across 6 districts in Samarinda, East

Kalimantan, Indonesia, participated in the current study. All of which are categorized as urban or semi-
urban districts based on the administrative zoning of the location [46]. The sample comprised 293 females
(54.9%) and 241 males (45.1%), with participants ranging in age from 11 to 17 years (Mean = 13.50, standard
deviation [SD] = 0.93). The culture tribe of participants, 29.0% identified as Javanese, 21.2% as Bugis,
and 20.6% as Banjar, and the remaining 29.2% of participants identified as “other”, representing over 15
different ethnic groups across Indonesia. Exclusion criteria included adolescents who were unable to read
or had special needs. Participants were selected through a cluster sampling method. To ensure geographical
diversity, six school districts in Samarinda were initially chosen. One public high school was randomly
selected from each district, with one district contributing two schools due to a higher student population,
resulting in a total of seven schools. Within each selected school, two classes from grades 10 and 11 were
randomly chosen as clusters. All students in these selected classes who met the inclusion criteria were invited
to participate. This study was approved by the Academic Ethics Committee of the School of Psychology,
Northeast Normal University, China, and by the Research Ethics Committee of the Faculty of Medicine,
Mulawarman University, Indonesia. Formal approval for the study was obtained from the school authorities,
and the study also received permission from the Department of Education, Samarinda. After receiving
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approval, the school authorities communicated study details to the eligible students and their parents.
Informed consent was obtained from both participants and their parents. Students who agreed to participate
were given printed questionnaires, which were completed in person during class time.

2.2 Measurements
2.2.1 Socioeconomic and Family Background

The demographic characteristics measured in this study included gender (1 = male, 2 = female),
grade level (1st grade = 1, 2nd grade = 2, and 3rd grade = 3), and religion (Islam = 1, Protestant = 2,
Catholic = 3, Hinduism = 4, Buddhism = 5, and Confucianism = 6). Additionally, weight (kg) and height (cm)
were directly measured using a digital scale and a stature meter. Respondents were also asked to self-evaluate
their academic achievement, with response options ranging from high = 1, above average = 2, average = 3,
below average = 4, and low = 5. Furthermore, respondents provided information on their ethnicity, which
was determined based on paternal lineage.

Family background adapted by GEAS-Indonesia Baseline [47] was assessed based on several factors,
including parental marital status, which was categorized as (1 = intact family, 2 = non-intact family). The
composition of caregivers was identified as (1 = both parents, 2 = single mother, 3 = single father, 4 =
grandparents, 5 = others). Current residence status was also evaluated, with options including (1 = self-
owned house, 2 = rented house, 3 = boarding house/dormitory/orphanage). Additionally, family income was
classified as (1 = high, 2 = medium, 3 = low). Other identified factors included parental education levels
and the number of siblings, categorized as (1 = no siblings, 2 = 1–2 siblings, 3 = 3–5 siblings, and 4 = more
than 6 siblings).

2.2.2 Adverse Childhood Experiences
The questionnaire used in this study is the Adverse Childhood Experience International Questionnaire

(ACE-IQ), developed by the World Health Organization [48]. This instrument assesses how frequently
adolescents experienced 13 types of adversity during childhood up to the present [49]. The question-
naire addresses 13 categories of adversity, including family dysfunction; physical, sexual, and emotional
abuse or neglect by parents or caregivers; peer violence; witnessing community violence; and exposure
to collective violence. The instrument was modified to align with the language and contextual meanings
understood by Indonesian participants [7,47]. The ACE score is calculated by summing the total number
of adverse experiences reported for each time period. The ACE-IQ offers two coding methods: binary and
frequency-based [48]. This study uses the binary coding approach, where the final score represents the
total number of ACE events, regardless of their frequency. In contrast, the frequency-based coding method
represents the sum of events occurring at a specific frequency, this method helps to indicate the severity of
ACEs in adolescents [41,50,51]. The response options for participants were “never = 1”, “occasionally = 2”,
“sometimes = 3”, and “often or always = 4”. Responses were subsequently categorized as “no = 0” if the
answer was “never” and “yes = 1” for all other options. For specific items such as parental or family alcohol
or substance abuse; parental or family history of major depression, mental illness, or suicide; parental or
guardian imprisonment; and parental or guardian divorce or death, the response choices were limited to
“yes = 1” or “no = 0”. The Cronbach’s alpha for the questionnaire was 0.731. The total ACE score was based
on 13 items, with categories of ACEs classified as 0, 1–2 ACEs, 3–4 ACEs, and >5 ACEs [19].
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2.2.3 Executive Function Deficits
In this study, the Barkley Deficits in Executive Functioning Scale—Short Form: Self-Report

(BDEFS-SF) was utilized, consisting of a 20-item questionnaire designed to assess difficulties in executive
functioning in daily life. The scale evaluates five sub-scales [52], this encompasses self-management of time
(efficiently planning and utilizing time), self-organization/problem-solving (structuring tasks and devising
solutions), self-restraint (controlling impulses and resisting temptation), self-motivation (initiating and
persisting in tasks autonomously), and self-regulation of emotion (managing emotional responses in various
situations) among adolescents, with each subscale comprising four question items [36]. The Barkley Deficits
in Executive Functioning Scale (BDEFS) short form is a 20-item self-report tool developed to evaluate
executive functioning difficulties in everyday life [31]. Respondents are asked to rate their experiences based
on a four-point Likert scale, with response options ranging from “never or rarely = 1,” indicating minimal
occurrence of the behavior, to “very often = 4” representing frequent occurrence. The Cronbach’s alpha for
the questionnaire was 0.903. The diverse response options allow for a nuanced understanding of how often
individuals face difficulties related to executive functioning in various aspects of their daily routines.

2.2.4 Health Risk Behaviors (HRBs)
HRB variables in this study will broadly adapt the Youth Risk Behavior Surveys (YRBS) instrument, and

in several sub-indicators of HRB, the analysis items will be adjusted to the prevalence of the most dominant
HRB among adolescents in this study area [19,53]. The Cronbach’s alpha for the questionnaire was 0.627, with
here is a detailed explanation.

Smoking and vaping behavior. This study focused on the following survey items: “How many cigarettes
have you smoked in the past 30 days?” and “On how many days have you used an electronic cigarette in
the last 30 days?” In this scale, 1 represents none, 2 = 1–2 days, 3 = 3–5 days, 4 = 6–9 days, 5 = 10–19 days,
6 = 20–29 days, and 7 = daily. Responses were then classified into a dichotomous indicator, with 0 = none
and 1 = any other option as “yes”, to reflect smoking or vaping behaviors among adolescents.

Substance use. This sub-indicator identified adolescents’ self-reported alcohol use through the question,
“During the past 30 days, on how many days did you have at least one drink of alcohol?” Responses were
coded as 1 = never, 2 = 1–2 days, 3 = 3–5 days, 4 = 6–9 days, 5 = 10–19 days, 6 = 20–29 days, and 7 = every day.
Lifetime use of substances such as inhaled glue and aerosol was assessed with the question, “Throughout your
life, how many times have you inhaled glue, aerosol, or paint to get high?” Lifetime drug use was similarly
assessed with the question, “Throughout your life, how many times have you used drugs?” These items were
coded as 1 = never, 2 = 1–2 times, 3 = 3–9 times, 4 = 10–19 times, 5 = 20–39 times, and 6 =more than 40 times.
All questions were then recoded into dichotomous variables, where 0 = never and 1 = any other response,
indicating substance use behaviors.

Low nutritional intake. We assessed daily nutritional intake through a series of questions focused on
specific food and drink items. Participants were asked, “During the past 7 days, how many times did you
drink 100% fruit juice, eat fruit, eat green vegetables, or consume other vegetables?” with response options
ranging from 1 = none, 2 = 1–3 times, 3 = 4–6 times, 4 = once per day, 5 = twice per day, 6 = 3 times per day,
to more than 4 times per day. These responses were dichotomized, with ≥4 times categorized as “yes” and
<3 times as “no”. Similarly, participants were asked, “How many times did you drink soda or a sweetened
beverage?” with <3 times categorized as “no” and ≥4 times as “yes”. Fast food intake was assessed by asking,
“How many times did you eat fast food in the last week?” “with response options of 1 = none, 2 = 1–2 times,
3 = 3–4 times, and 4 = 5 times or more, and dichotomized as <2 times categorized as ‘no’ and ≥2 as ‘yes’. Lastly,
breakfast frequency was assessed with the question, ‘During the past 7 days, how many days did you have
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breakfast?’ with response options from 1 = 0 days to 8 = every day, and dichotomized as ≥5 days categorized
as ‘yes’ and <5 days as ‘no’. Lack of physical activity, for lack of physical activity was assessed using two items.
Participants were asked, ‘During the past 7 days, how many days did you exercise for at least 60 min?’ and
‘How many days did you attend physical education classes?’ Responses were recorded on a scale ranging
from 1 = 0 days to 8 = every day. For analysis purposes, these responses were dichotomized, with ≥3 days
categorized as ‘no’ and <3 days categorized as ‘yes”’.

Suicidal ideation. This aspect was identified based on three items referring to the Youth Risk Behavior
Survey [53]. The first question asked, ‘In the past year, have you ever seriously considered attempting suicide?’
The second question was, ‘In the past year, have you made a plan for attempting suicide?’ The third asked,
‘How many times have you actually attempted suicide?’ Each of these questions had four response options:
1 = never; 2 = once; 3 = 2–3 times; 4 = 4 times or more. Responses of ‘never’ were coded as 0 (no), and those
indicating one or more attempts were coded as 1 (yes). Sexual behavior, there were seven items assessing risky
sexual behaviors, which included accessing pornographic content, spending time with a romantic partner
without parental or guardian supervision, touching a partner’s body, mutual genital touching, kissing,
sending sexually explicit photos, and engaging in sexual intercourse without condoms. Response options
were 1 = never, 2 = rarely, 3 = often. The variables were then dichotomized, with ‘never’ coded as 0 (no), and
all other responses coded as 1 (yes).

Bullying and physical fight. The bullying-related questions focused on two items: ‘In the past 12 months,
have you ever experienced bullying at school?’ and ‘In the past 12 months, have you experienced electronic
bullying through messages or other social media?’ Response options were 1 = never, 2 = rarely, 3 = often.
The variables were then dichotomized, with ‘never’ coded as 0 (no), and all other responses coded as 1 (yes).
Regarding physical fights, two items were asked: ‘In the past 12 months, how many times have you been
involved in a physical fight?’ and ‘How many times have you been involved in a physical fight at school?’
Responses were 1 = never, 2 = 1 time, 3 = 2–3 times, 4 = 4–5 times, 5 = 6–7 times, 6 = 8–9 times, 7 = 10–11
times, and 8 =more than 12 times. The variables were then dichotomized, with ‘never’ coded as 0 (no), and
all other responses coded as 1 (yes).

2.3 Statistical Analysis
To address the research objectives, data analysis was conducted in several stages. Missing data were

reviewed immediately after questionnaire completion by enumerators and re-checked prior to analysis. As
the proportion of missing data was low (<5%) and showed no systematic pattern, listwise deletion was applied
to ensure consistency across analytic models. Descriptive statistics were used to summarize the prevalence
of ACEs and participants’ demographic characteristics. Group differences in ACEs were examined using
Chi-square tests (χ2), depending on assumption fulfillment. For continuous variables, independent t-tests
and one-way ANOVA were used to compare mean differences between groups. To explore relationships
between ACEs, EF deficits (total and each sub-scale), and HRBs, Spearman’s rank correlation was applied
based on normality test results (Shapiro-Wilk test). The association between ACE categories (0, 1–2, 3–4, >5)
and HRBs, such as smoking, alcohol use, risky sexual behaviors, and others, was analyzed using Chi-square
tests. Additionally, binary logistic regression was performed to examine whether ACEs predicted HRBs after
controlling for demographic variables such as gender, grade level, self-academic evaluation, parental marital
status, caregiver composition, and number of siblings.

In this study, multicollinearity was assessed using the variance inflation factor (VIF) and Tolerance
values for all predictor variables, including continuous categorical variables and dummy-coded categorical
variables. VIF < 2 and Tolerance > 0.1 were used as thresholds to indicate the absence of multicollinearity.
In the fourth purpose of this study, mediation analysis is more focused on understanding how ACEs
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influence HRBs through EF deficits as a mediator (without or with covariates) by the PROCESS macro
(version 4.0; [54]) in SPSS 23 (IBM Corp., Armonk, NY, USA) by identifying bootstrapping and confidence
interval (CI). The regression and mediation analyses, Cohen’s f 2 was calculated to estimate the effect
size of the mediator (EF deficits) by comparing the R2 values of the reduced and full regression models.
In addition, a parallel mediation model included five EF subscales as simultaneous mediators to identify
their specific indirect effects on the ACEs-HRBs relationship. These subscales were: self-management of
time (M1), self-organization/problem solving (M2), self-control (M3), self-motivation (M4), and emotion
regulation (M5).

3 Result

3.1 Baseline Results of ACEs to HRBs Based on Gender
Based on the analysis of demographic characteristics and their relationship with ACEs, several impor-

tant findings emerged among 534 study respondents (Tables 1 and 2). The five types of ACEs with the
highest prevalence were community violence (68.0%), physical neglect (52.8%), psychological/emotional
abuse (52.6%), physical abuse (50.4%), and peer bullying (45.9%), indicating high exposure of respondents
to various forms of violence and neglect in the family and social.

Table 1: Baseline type of adverse childhood experiences (ACEs) by gender among adolescents

Type of Adverse Childhood Experiences Male Female Total N (%)

n % n %
1 Emotional neglected 83 15.5 115 21.5 198 (37.1)
2 Physical neglected 140 26.2 142 26.6 282 (52.8)
3 Alcohol and/or drug abuser in the household

family
15 2.8 11 2.1 26 (4.9)

4 Family member who is chronically depressed,
mentally ill, or suicidal

5 0.9 11 2.1 16 (3.0)

5 Incarcerated family member 25 4.7 21 3.9 46 (8.6)
6 One of or both parents passed away, separated,

or divorced
50 9.4 70 13.1 120 (22.5)

7 Family member received abuse 70 13.1 112 21.0 182 (34.1)
8 Psychological/emotional abuse 110 20.6 171 32.0 281 (52.6)
9 Physical abuse 112 21.0 157 29.4 269 (50.4)
10 Sexual abuse 23 4.3 40 7.5 63 (11.8)
11 Peer abuse/bullying 107 20.0 138 25.8 245 (45.9)
12 Community violence 165 30.9 198 37.1 363 (68.0)
13 Collective violence 34 6.4 40 7.5 74 (13.9)

Table 2: Analysis of sociodemographic differences based on the number of adverse childhood experiences (ACEs)

Characteristics N = 534 (%) 0 ACE n (%) 1–2 ACEsn (%) 3–4 ACEsn (%) >5 ACEs n (%) t/ χ2 p-Value

Gender
Male 241 (45.1) 9 (3.7) 81 (33.6) 59 (24.5) 92 (38.2) 5.73 0.125
Female 293 (54.9) 12 (4.1) 71 (24.2) 80 (27.3) 130 (44.4)

Religion

(Continued)
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Table 2 (continued)

Characteristics N = 534 (%) 0 ACE n (%) 1–2 ACEsn (%) 3–4 ACEsn (%) >5 ACEs n (%) t/ χ2 p-Value

Islam 482 (90.3) 20 (4.1) 134 (27.8) 125 (25.9) 203 (42.1)
4.56

0.601
Protestant 25 (4.7) 1 (4.0) 10 (40.0) 5 (20.0) 9 (36.0)
Catholic 27 (5.1) 0 (0.0) 8 (29.6) 9 (33.3) 10 (37.0)

Grade
1st grade 140 (26.2) 11 (7.9) 59 (42.1) 33 (23.6) 37 (26.4)

52.98
<0.001

2nd grade 249 (46.6) 6 (2.4) 75 (30.1) 71 (28.5) 97 (39.0)
3rd grade 145 (27.2) 4 (2.8) 18 (12.4) 35 (24.1) 88 (60.7)

Self-evaluation of academic
Good 162 (30.3) 9 (5.6) 48 (29.6) 43 (26.5) 62 (38.3)

8.67
0.010

Medium 330 (61.8) 12 (3.6) 96 (29.1) 86 (26.1) 136 (41.2)
Poor 42 (7.9) 0 (0.0) 8 (19.0) 10 (23.8) 24 (57.1)

BMI
Underweight (<18.5) 238 (44.6) 12 (5.0) 70 (29.4) 65 (27.3) 91 (38.2)

8.409

0.494
Normal (18.5–24.9) 238 (44.6) 9 (3.8) 66 (27.7) 59 (24.8) 104 (43.7)
Overweight (25.0–29.9) 43 (8.1) 0 (0.0) 13 (30.2) 12 (27.9) 18 (41.9)
Obese (>30.0) 15 (2.8) 0 (0.0) 3 (20.0) 3 (20.0) 9 (60.0)

Parental marital status
Intact family 444 (83.1) 21 (4.7) 141 (31.8) 119 (26.8) 163 (36.7) 33.84 <0.001
Non-intact family 90 (16.9) 0 (0.0) 11 (12.2) 20 (22.2) 59 (65.6)

Composition of caregiver at
home

Both parents 419 (78.5) 21 (5.0) 134 (32.0) 107 (25.2) 157 (37.5)

34.81

0.001
Single parent (mother) 74 (13.9) 0 (0.0) 12 (16.2) 24 (32.4) 38 (51.4)
Single parent (father) 14 (2.6) 0 (0.0) 2 (14.3) 2 (14.3) 10 (71.4)
Grandparents 13 (2.4) 0 (0.0) 2 (15.4) 5 (38.5) 6 (46.2)
Others 14 (2.6) 0 (0.0) 2 (14.3) 1 (7.1) 11 (78.6)

Current residence status
Owner-occupied home 368 (68.9) 16 (4.3) 103 (28.0) 103 (28.0) 146 (39.7)

7.84
0.250

Rented house 161 (30.1) 5 (3.1) 49 (30.4) 35 (21.7) 72 (44.7)
Boarding/dormitory 5 (0.9) 0 (0.0) 0 (0.0) 1 (20.0) 4 (80.0)

Family monthly income
High income 12 (2.2) 1 (8.3) 3 (25.0) 3 (25.0) 5 (41.7)

6.564
0.363

Medium income 442 (82.8) 17 (3.8) 130 (29.4) 121 (27.4) 174 (39.4)
Low income 80 (15.0) 3 (3.8) 19 (23.8) 15 (18.8) 43 (53.8)

Father education
Without education 7 (1.3) 0 (0.0) 2 (28.6) 2 (28.6) 3 (42.9)

22.88

0.087
Elementary school 64 (12.0) 2 (3.1) 16 (25.0) 17 (26.6) 29 (45.3)
Junior high school 77 (14.4) 5 (6.5) 28 (36.4) 21(27.3) 23 (29.9)
Senior high school 215 (40.3) 12 (5.6) 66 (30.7) 56 (26.0) 81 (37.7)
College/University 77 914.4) 2 (2.6) 18 (23.4) 22 (28.6) 35 (45.5)
Unknown/no response 94 (17.6) 0 (0.0) 22 (23.4) 21 (22.3) 51 (54.3)

Father occupation
Civil servant/military 31 (5.8) 1 (3.2) 4 (12.9) 8 (25.8) 18 (58.1)

28.50

0.126
Farmer 23 (4.3) 0 (0.0) 6 (26.1) 6 (26,1) 11 (47.8)
Unskilled labor 87 (16.3) 4 (4.6) 26 (29.9) 22 (25.3) 35 (40.2)
Private employee 190 (35.6) 13 (6.8) 63 (33.2) 48 (25.3) 66 (34.7)
Retired 11 (2.1) 0 (0.0) 0 (0.0) 2 (18.2) 9 (81.8)
Entrepreneur 101 (18.9) 3 (3.0) 27 (26.7) 30 (29.7) 41 (40.6)
Unemployed 25 (4.7) 0 (0.0) 9 (36.0) 7 (28.0) 9 (36.0)
Unknown/no response 66 (12.4) 0 (0.0) 17 (25.8) 16 (24.2) 33 (50.0)

Mother occupation
Civil servant/military 21 (3.9) 0 (0.0) 5 (23.8) 5 (23.8) 11 (52.4)

26.04

0.205
Farmer 40 (7.5) 0 (0.0) 13 (32.5) 14 (35.0) 13 (32.5)
Unskilled labor 19 (3.6) 1 (5.3) 3 (15.8) 9 (47.4) 6 (31.6)
Private employee 26 (4.9) 2 (7.7) 4 (15.4) 8 (30.8) 12 (46.2)
Retired 3 (0.6) 0 (0.0) 0 (0.0) 2 (66.7) 1 (33.3)
Entrepreneur 68 (12.7) 1 (1.5) 16 (23.5) 20 (29.4) 31 (45.6)
Unemployed/housewife 334 (62.5) 17 (5.1) 106 (31.7) 77 (23.1) 134 (40.1)
Unknown/no response 23 (4.3) 0 (0.0) 5 (21.7) 4 (17.4) 14 (60.9)

Mother education
Without education 7 (1.3) 0 (0.0) 2 (28.6) 1 (14.3) 4 (57.1)

20.35

0.159
Elementary school 70 (13.1) 1 (1.4) 19 (27.1) 15 (21.4) 35 (50.0)
Junior high school 93 (17.4) 9 (9.7) 26 (28.0) 23 (24.7) 35 (37.6)
Senior high school 218 (40.8) 8 (3.7) 60 (27.5) 67 (30.7) 83 (38.1)
College/University 71 (13.3) 3 (4.2) 21 (29.6) 16 (22.5) 31 (43.7)
Unknown 75 (14.0) 0 (0.0) 24 (32.0) 17 (22.7) 34 (45.3)

(Continued)
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Table 2 (continued)

Characteristics N = 534 (%) 0 ACE n (%) 1–2 ACEsn (%) 3–4 ACEsn (%) >5 ACEs n (%) t/ χ2 p-Value

Number of siblings
No sibling 39 (7.3) 4 (10.3) 13 (33.3) 7 (17.9) 15 (38.5)

25.94

0.002
1–2 siblings 314 (58.8) 12 (3.8) 108 (34.4) 78 (24.8) 116 (36.9)
3–5 siblings 163 (30.5) 5 (3.1) 28 (17.2) 50 (30.7) 80 (49.1)
>6 siblings 18 (3.4) 0 (0.0) 3 (16.7) 4 (22.2) 11 (61.1)

Note: Boldface indicates (p < 0.05); ACEs: Adverse childhood experiences; BMI, body mass index.

There were no significant differences observed (Table 2) concerning gender (p = 0.125) or religion
(p = 0.601), indicating that ACE exposure is evenly distributed among males and females and across different
religious affiliations, grade levels showed a significant relationship with ACE scores (p < 0.001).

Specifically, ninth-grade students had a higher prevalence of >5 ACEs (60.7%) compared to their peers
in seventh and eighth grades. Self-assessment of academic performance was statistically related to ACE
exposure (p = 0.010), with those rating their performance as poor having the highest percentage of >5 ACEs
(57.1%). Furthermore, parental marital status emerged as a significant factor (p < 0.001), with non-intact
family reporting a higher proportion of >5 ACEs (65.6%). Caregiver composition also reflected a significant
disparity (p = 0.001), where children raised in single-parent households showed increased ACE scores.

The findings reveal a link between higher ACE exposure to an increased prevalence of HRBs (Table 3).
Adolescents with more than five ACEs were significantly more likely to engage in smoking and vaping
(67.9%), risky sexual behavior (57.7%), suicidal ideation (75.2%), bullying (64.3%), and physical fights (59.7%)
compared to those with fewer ACEs (p < 0.001). Notably, no participants with zero ACEs reported smoking,
vaping, substance use, or suicidal ideation. While substance use and physical inactivity were more frequent
among those with higher ACEs, their associations were not statistically significant. In addition, suicidal
ideation was strongly linked to ACEs, with 75.2% of those with more than 5 ACEs reporting such thoughts
(p < 0.001). Risky sexual behavior was similarly prevalent, with 57.7% of those engaging in it having high
ACE exposure (p < 0.001). Bullying and involvement in physical fights also correlated strongly with ACE
exposure, with 64.3% and 59.7% of participants, respectively, reporting these behaviors in the group with
more than 5 ACEs (p < 0.001).

Table 3: Prevalence of health-risk behaviors by number of adverse childhood experiences (ACEs)

Characteristics 0 ACE n (%) 1–2 ACEs n (%) 3–4 ACEs n (%) >5 ACEs n (%) p-Value
Smoking & vaping behavior 0 (0.0) 14 (12.8) 21 (19.3) 74 (67.9) <0.001

Substance use 0 (0.0) 3 (0.2) 6 (4.3) 15 (6.8) 0.117
Low nutritional intake 9 (2.3) 101 (26.0) 100 (25.8) 178 (45.9) <0.001

Lack of physical activity 19 (4.4) 114 (26.3) 117 (27.0) 183 (42.3) 0.111
Suicidal ideation 0 (0.00) 3 (2.6) 26 (22.2) 88 (75.2) <0.001

Risky sexual behavior 3 (1.2) 39 (16.2) 60 (24.9) 139 (57.7) <0.001
Bullying experiences 1 (0.5) 22 (11.9) 43 (23.2) 119 (64.3) <0.001

Physical fight 3 (1.6) 26 (13.6) 48 (25.1) 114 (59.7) <0.001

Note: Boldface indicates statistical significance (p < 0.05); ACEs, Adverse childhood experiences.
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3.2 The Relationships between ACEs and HRBs
As shown in Table 4, there is a substantial positive link between ACEs and both EF deficits (r = 0.471,

p < 0.01) and HRBs (r = 0.578, p < 0.01). Additionally, EF deficits are significantly correlated with HRBs
(r = 0.469, p < 0.01). Higher exposure to childhood adversity is associated with higher EF deficits.
Additionally, adolescents with more adverse experiences are more likely to engage in risky behaviors. EF
deficits further contribute to this link, suggesting their mediating role in the relationship between childhood
adversity and HRBs.

Table 4: Relationship between ACEs, executive function deficits, and health-risk behaviors

Variable Range Mean SD 1 2 3 4 5 6 7

ACEs 0–12 4.05 2.493 1
EF Deficits 20–73 40.24 3.500 0.045** 1

Self-management to time 4–16 8.30 2.544 0.352** 0.774** 1
Self-organize problem solving 4–16 8.81 2.740 0.313** 0.782** 0.586** 1

Self-restrain 3–16 7.40 2.726 0.369** 0.801** 0.496** 0.493** 1
Self-motivation 4–16 7.08 2.349 0.392** 0.762** 0.581** 0.516** 0.549** 1

Self-regulation of emotion 4–16 8.65 3.500 0.395** 0.791** 0.437** 0.485** 0.592** 0.438** 1
Health risk behaviors 0–8 4.42 1.581 0.576** 0.449** 0.342** 0.272** 0.347** 0.412** 0.384**

Note: **Correlation is significant at the 0.01 level (2-tailed); ACEs, adverse childhood experiences; EF, executive
function; SD, standard deviation.

All five EF subscales were significantly positively correlated with ACEs (r ranging from 0.313 to 0.395,
p < 0.01). Self-regulation of emotion (r = 0.395, p < 0.01) and self-motivation (r = 0.392, p < 0.01) exhibited
the strongest associations with ACEs. This suggests that individuals with higher ACE exposure are more
likely to experience difficulties in regulating emotional responses and initiating goal-directed behavior
without external incentives. Regarding HRBs, all EF subscales also showed significant positive correlations
(r ranging from 0.272 to 0.412, p < 0.01). The highest correlation was observed for self-motivation (r = 0.412,
p < 0.01), followed by self-regulation of emotion (r = 0.384, p < 0.01), indicating that lower capacity for
intrinsic motivation and emotional regulation may be particularly linked to increased engagement in health-
compromising behaviors. The VIF and tolerance values indicated no multicollinearity among the predictor
variables (VIF range: 1.033–1.754; Tolerance range: 0.570–0.968). These results support the robustness of the
regression model and confirm that the independent variables—ACEs, EF deficits, and sociodemographic
factors—do not exhibit redundancy, allowing for reliable interpretation of their effects on HRBs (Table 5).

The logistic regression analysis (Table 6) revealed that multiple forms of ACEs were significantly
associated with increased engagement in HRBs. Emotional and physical neglect significantly predicted
low nutritional intake (adjusted odds ratio [AOR] = 2.323, p < 0.001) and suicidal ideation (AOR = 0.377,
p < 0.001). Household violence, emotional abuse, and physical abuse show strong associations with suicidal
ideation, risky sexual behavior, bullying, and physical fights (p < 0.001). Contact sexual abuse emerges as a
particularly strong predictor of smoking, suicidal ideation, and bullying (p < 0.001). The findings provide
an overview of the role of childhood adversity in the occurrence of maladaptive adolescent HRBs that need
further treatment for adolescents with ACEs.
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Table 5: Tolerance and VIF for predictor variables

Variable Type Tolerance (VIF) Notes
Y: Health risk behaviors

Adverse childhood experience continuous 0.644 1.553 No multicollinearity: VIF < 2 and Tolerance > 0.1
Executive function deficits continuous 0.744 1.343 No multicollinearity: VIF < 2 and Tolerance > 0.1

Gender categorical 0.968 1.033 No multicollinearity: VIF < 2 and Tolerance > 0.1
Grade categorical 0.881 1.135 No multicollinearity: VIF < 2 and Tolerance > 0.1

Self-evaluation of academic categorical 0.963 1.039 No multicollinearity: VIF < 2 and Tolerance > 0.1
Parental marital status categorical 0.570 1.754 No multicollinearity: VIF < 2 and Tolerance > 0.1

Caregiver at home categorical 0.595 1.681 No multicollinearity: VIF < 2 and Tolerance > 0.1
Number of siblings categorical 0.947 1.056 No multicollinearity: VIF < 2 andTolerance > 0.1

Table 6: Binary logistic regression model for the relationship between ACEs and HRBs

ACEs Smoking &
vaping

behavior

Substance
use

Low
nutritional

intake

Lack of
physical
activity

Suicidal
ideation

Risky sexual
behavior

Bullying
experiences

Physical
fights

Emotional neglect 0.831 (0.508–
1.358)

0.713 (0.303–
1.678)

1.267
(0842–1.907)

0.920
(0.577–
1.466)

0.961
(0.606–
1.523)

1.263 (0.867–
1.838)

1.466 (0.991–
2.170)

0.494*
(1.000–
2.231)

Physical neglect 0.522*
(0.318–
0.857)

0.675
(0.270–
1.686)

2.323***
(1.539–
3.508)

1.085
(0.687–1.715)

0.377***
(0.232–
0.613)

0.539***
(0.372 0
0.781)

0.664*
(0.453–
0.973)

0.597**
(0.405–
0.880)

Alcohol and/or
drug abuser in the

household

0.277**
(0.111–0.689)

0.408
(0.103–1.610)

0.393
(0.113–1.368)

0.797
(0.258–
2.461)

0.450
(0.182–1.110)

0.417 (0.170–
1.022)

0.366*
(0.157–
0.850)

0.539
(0.229–
1.265)

Family member
who is depressed,
mentally ill, etc.

0.507
(0.156–
1.646)

0.998
(0.373–
1.608)

0.988
(0.453–
1.588)

0.914 (0.190–
4.405)

0.043***
(0.008–
0.228)

0.708
(0.232–
2.159)

0.392
(0.132–1.163)

0.751 (0.253–
2.232)

Incarcerated
household member

0.384**
(0.188–
0.784)

0.382
(0.124–1.174)

0.523
(0.220–
1.243)

0.488
(0.181–1.316)

0.579
(0.273–
1.232)

0.513 (0.261–
1.009)

0.757
(0.392–
1.461)

0.277***
(0.138–
0.554)

Orphaned by one
or both parents

0.612
(0.230–
1.626)

1.600
(0.209–
2.247)

0.505
(0.194–1.314)

0.760
(0.262–
2.206)

0.779
(0.321–1.892)

0.525
(0.242–1.141)

0.372*
(0.172–
0.802)

0.507
(0.233–1.101)

Household
member treated

violently

0.454**
(0.278–
0.742)

0.391*
(0.161–
0.950)

0764 (0.493–
1.184)

0.934
(0.571–1.529)

0.272***
0.171–0.433

0.361***
(0.244–
0.532)

0.459***
(0.310–
0.679)

0.373***
(0.249–
0.559)

Emotional abuse 0.533*
(0.320–
0.886)

0.647
(0.249–
1.681)

0.586*
(0.384–
0.794)

0.709
(0.440–

1.140)

0.127***
(0.068–
0.236)

0.452***
(0.309–
0.663)

0.305***
(0.202–
0.462)

0.579**
(0.386–
0.867)

Physical abuse 0.440**
(0.266–
0.726)

0.607
(0.241–1.530)

0.522*
(0.344–
0.794)

0.869
(0.545–
1.386)

0.205***
(0.120–
0.351)

0.449***
(0.309–
0.653)

0.360***
(0.242–
0.535)

0.396***
(0.265–
0.591)

Contact sexual
abuse

0.218***
(0.115–0.413)

0.352*
(0.125–
0.988)

0.424*
(0.190–
0.944)

1.342 (0.657–
2.742)

0.228***
(0.124–
0.420)

0.404***
(0.221–
0.737)

0.239***
(0.132–0.431)

0.425**
(0.237–
0.760)

Bullying 0.627
(0.390–
1.009)

0.550
(0.226–
1.338)

0.618 (0.411–
0.934)

0.954
(0.604–
1.508)

0.293***
(0.182–
0.473)

0.469***
(0.325–
0.677)

0.075***
(0.047–
0.120)

0.309***
(0.208–
0.460)

Community
violence

0.441*
(0.235–
0.827)

0.500
(0.514–
1.623)

0.776
(0.500–
1.202)

1.455
(0.864–
2.450)

0.406***
(0.225–
0.733)

0.465***
(0.305–
0.709)

0.439***
(0.279–
0.690)

0.316***
(0.195–
0.514)

Collective violence 0.229***
(0.126–
0.417)

0.532
(0.195–1.451)

0.575
(0.291–1.138)

1.814 (0.962–
3.422)

0.138***
(0.075–
0.254)

0.381***
(0.220–
0.677)

0.562*
(0.331–
0.954)

0.311***
0.179–0.540

Note: The model includes individual ACE (Adverse Childhood Experiences) categories as binary outcomes, adjusted
for gender, grade, self-reported academic evaluation, parental marital status, caregiver composition, and number of
siblings. Results shown above as Adjusted Odds Ratio (AOR) (95% CI). Boldface indicates *p < 0.05, **p < 0.01,
***p < 0.001.
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3.3 EF Deficits as a Mediator between ACEs and HRBs
The mediation analysis indicates that ACEs significantly predict both EF deficits and HRBs (Table 7).

EF deficits partially mediate the relationship between ACEs and HRBs, with an indirect effect. While ACEs
have a direct impact on HRBs, the presence of EF deficits further contributes to increased HRBs, highlighting
their mediating role in this relationship.

Table 7: Mediation analysis for the relationship between ACEs and HRBs through EF deficits among adolescents

Model Effect (β) SE t p-Value LLCI ULCI Standardized β
Model 1 (Mediator: Executive function deficits)

Constant 320.097 0.794 402.918 <0.001 304.491 335.703 –
ACEs→ Executive function deficits (a) 20.299 0.167 121.584 <0.001 17.020 23.579 0.467

Model 2 (Outcome: HRBs)
Constant 0.863 0.208 41.370 <0.001 0.453 12.724 –
ACEs→HRBs (c′) 0.297 0.025 120.768 <0.001 0.249 0.346 0.469
Executive function deficits→HRBs (b) 0.034 0.006 59.404 <0.001 0.023 0.045 0.231

Total Effect (Outcome: HRBs)
Constant 19.379 0.107 181.292 <0.001 17.279 21.479 –
ACEs→HRBs (c) 0.365 0.023 162.673 <0.001 0.321 0.410 0.576

Indirect Effect (ACEs→ Executive function deficits→HRBs)
Indirect Effect (a × b) 0.068 0.013 0.045 0.0417 0.108

Note: SE, Standard Error; ACEs, adverse childhood experiences; EF, executive function; HRBs, health risk
behaviors; LLCI, lower limit confidence interval; ULCI, upper limit confidence interval.

The mediation analysis involving covariate variables (Table 8), such as gender, grade, and self-academic
evaluation, also influences EF deficits, but their impact is smaller compared to ACEs. This finding under-
scores the central role of ACEs as a major contributor to EF deficits, highlighting their importance in
understanding the psychological consequences of early adverse experiences. Moreover, ACEs exhibit both
direct and indirect effects on HRBs (Btotal = 0.342, β = 0.540), with a portion of this relationship mediated
by EF deficits (Bindirect = 0.059, 95% CI [0.038, 0.084]). EF deficits significantly increase HRBs (B = 0.032,
p < 0.001, β = 0.222), but ACEs remain the primary predictor of HRBs.

Table 8: Mediation analysis for the relationship between ACEs and HRBs through EF deficits with covariates

Model Coefficient
(B)

SE t p-Value LLCI ULCI Standardize
β

Mediator: Executive function deficits
Constant 240.191 27.833 86.296 <0.001 185.513 294.869
X: ACEs 18.322 0.188 97.578 <0.001 14.634 22.011 0.421

Covariate
Gender 27.923 0.824 33.884 0.001 11.734 44.112 0.128
Grade 16.708 0.591 28.290 0.005 0.512 28.309 0.113
Self-academic evaluation 18.008 0.718 25.090 0.012 0.391 32.108 0.096
Parent marital status −14.903 14.418 −10.336 0.302 −43.226 13.421 −0.051
Caregiver composition 0.811 0.611 13.262 0.185 −0.390 20.117 0.065
Number of siblings −0.633 0.644 −0.9828 0.326 −18.971 0.632 −0.038

Outcome: HRBs
Constant 0.663 0.393 16.877 0.092 −0.109 14.340
X: ACEs 0.283 0.027 105.035 <0.001 0.230 0.336 0.446
Mediator: EF deficits 0.032 0.006 56.273 <0.001 0.021 0.044 0.222

Covariate
Gender −0.206 0.110 −18.739 0.062 −0.422 0.010 −0.065

(Continued)
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Table 8 (continued)

Model Coefficient
(B)

SE t p-Value LLCI ULCI Standardize
β

Grade 0.161 0.079 20.426 0.042 0.006 0.315 0.074
Self-academic Evaluation 0.169 0.095 17.783 0.076 −0.018 0.357 0.062
Parental Marital Status −0.117 0.191 −0.614 0.539 −0.491 0.257 −0.028
Caregiver Composition 0.051 0.081 0.632 0.528 −0.108 0.210 0.028
Number of Siblings 0.030 0.085 0.350 0.726 −0.137 0.197 0.012

Total Effect of X (ACEs) on Y(HRBs)
Total Effect (X→ Y) 0.342 0.025 134.230 <0.001 0.292 0.393 0.540

Direct Effect of X on Y
Direct Effect (X→ Y) 0.283 0.027 105.035 <0.001 0.230 0.336 0.446

Indirect Effect (ACEs→ Executive
function deficits→HRBs)

Indirect Effect (X→ Y via EF
deficits)

0.059 0.012 0.038 0.084 0.094

Note: SE, Standard error; ACEs, adverse childhood experiences; EF, executive function; HRBs, health risk behaviors;
LLCI, lower limit confidence interval; ULCI, upper limit confidence interval.

To further assess the contribution of EF deficits as a mediator, Cohen’s f 2 was calculated to estimate the
effect size of its inclusion in the regression model predicting HRBs. The R2 of the reduced model (without
EF deficits) was 0.353, and the R2 of the full model (with EF deficits) was 0.389. The resulting Cohen’s
f 2
= 0.059, indicating a small to moderate effect size. This suggests that EF deficits meaningfully, though

modestly, enhance the model’s explanatory power for predicting HRBs among adolescents.
In the next analysis, a parallel mediation analysis tested whether EF deficits mediate the

relationship between ACEs and HRBs (Table 9). Five EF deficits subdomains were included as
mediators, only self-motivation (B = 0.042, 95% CI [0.018, 0.068]) and self-regulation of emotion
(B = 0.032, 95% CI [0.009, 0.057]) showed significant indirect effects. The direct effect of ACEs on HRBs
remained significant (B = 0.2877, p < 0.001), suggesting partial mediation (S9). These results highlight
the specific role of motivational and emotional regulation deficits in linking childhood adversity to risky
health behaviors.

Table 9: Parallel mediation model of the relationship between ACEs and HRBs through EF deficits subdomains

DV Mediator (M) Effect of
ACEs on M

Effect of M on
HRBs

Indirect Effect Total Effect Direct Effect

(a) SE (b) SE (a × b) SE 95% CI
(Bootstrapped)

(c) SE (c′) SE

HRBs

0.3655 — 0.288* 0.025
Self-management to time 0.359* 0.041 0.036 0.029 0.013 0.011 −0.008, 0.035
Self-organizing/problem

solving
0.345* 0.045 −0.034 0.026 −0.012 0.009 −0.031, 0.006

Self-restraint 0.403* 0.044 0.008 0.027 0.003 0.012 −0.020, 0.027
Self-motivation 0.369* 0.038 0.113* 0.031 0.042* 0.012 0.018, 0.068

Self-regulation of emotion 0.554* 0.056 0.057* 0.020 0.032* 0.012 0.009, 0.057

Note: *indicates statistical significance (p < 0.05) for the respective effects in the model; DV, Dependent variable;
HRBs, Health risk behaviors; SE, Standard error.
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4 Discussion
Community violence, physical neglect, emotional abuse, physical violence, and peer bullying showed

the highest exposure in the families and social settings of respondents in this study. Previous research showed
that individuals who experience community violence tend to develop maladaptive behaviors as coping
mechanisms, including aggressive behavior and substance abuse [10]. Community violence can create an
unsafe environment, negatively affecting adolescents’ social and emotional development [55]. Findings of
physical neglect can lead to the development of mental health disorders such as anxiety and depression,
while also potentially raising the likelihood of risky behaviors, such as drug use and criminal behavior among
adolescents [56,57]. Psychological or emotional abuse includes actions such as insults, threats, or denial
of affection. A study showed that children or teens who experience emotional abuse are at higher risk for
developing mental health problems, risky behaviors, or sexual violence [58]. In addition, the young people
who are victims of physical violence often have difficulty managing their emotions, possibly diverting their
emotional pain through risky behaviors such as alcohol or drug use [55]. Further, bullying can have direct
negative impacts on individuals [59]. The level of victimization varies, whether direct, verbal, or non-verbal,
and electronic bullying is associated with almost every HRB and condition studied [60].

In this study, community violence had a significant relationship with suicidal ideation. This result in
line shows by Lambert SF [61] that exposure to violence in the surrounding environment can increase
risks, including depression and anxiety, that contribute to suicidal ideation. Physical neglect also showed
strong associations with low nutritional intake. The previous study highlights that children who experience
physical neglect tend to have poor eating patterns [62], and this can have a significant relationship with
risky sexual behavior and bullying experiences. Evidence indicates a causal association between nonsexual
child maltreatment and various mental disorders, substance usage, suicide attempts, sexually transmitted
illnesses, and high-risk sexual conduct [63]. This neglect is often due to a lack of support from caregivers,
who play a critical role in a child’s social and emotional development. Exposure to domestic violence was
strongly associated with suicidal, risky sexual behavior, and physical violence. This study is in line with the
study [64,65], which showed that children who witness domestic violence and stressful family situations
often experience profound psychological trauma, which can significantly affect their mental health and
risky behaviors [66]. These impacts indicate the need for comprehensive intervention approaches to address
domestic violence as a major risk factor for adolescent health.

The present study suggests that the mediator of EF deficits played a significant role as a pathway
connecting ACEs to HRBs, indicating that this deficit has an important contribution to the relationship.
The total effect of ACEs on HRBs was greater than its direct effect, confirming the role of the mediator. EF
focuses on the cognitive skills adolescents need to manage behavior and emotions, and to plan and make
both positive and negative decisions [26]. The findings of this investigation are in accordance with those
of prior studies that exposure to ACEs, such as violence and neglect, is consistently associated with EF
deficits in adolescents, including difficulties in emotion regulation [67] and self-motivation [40]. This study
also confirms previous research findings that EF contributes to variance in risky behaviors [68]. Previous
research has also indicated that EF deficits increase the probability of healthy young adults engaging in
potentially hazardous health-risky behaviors [69]. This study also supports previous studies’ mention that
there is a need to examine the impact of ACEs and the roles that they may play in shaping these impacts [70].
The results of the practical study of EF deficits as a mediator were further examined through effect size
estimation. The analysis showed a small to moderate contribution of EF deficits in explaining the relationship
between ACEs and HRBs. This is in line with previous studies [38,71], which showed that EF deficits
significantly mediate the relationship between environmental risk factors (including traumatic experiences)
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and adolescent involvement in risky behaviors such as substance abuse, with a moderate contribution of EF
as a mediator.

Several covariate factors, such as gender, academic self-evaluation, and grade level, also showed
significant effects on EF deficits and high-risk behaviors, while other factors, such as parental marital status,
caregiver composition, and number of siblings, did not show significant effects. Previous research has shown
that social support factors and resilience capacity also have the potential to mediator the negative impact
of ACEs on HRBs [72]. Previous research showed that individuals who have strong adaptability or social
support tend to be better able to overcome the impact of ACEs as they grow up [73].

This study has several limitations that should be considered. First, this study used self-report instru-
ments to measure ACEs, HRBs, and other sociodemographic components, which could potentially introduce
recall bias or self-report bias. For example, the data on monthly household income were based on adolescents’
self-reports rather than obtained directly from their parents. Previous research has shown that self-report
methods are often influenced by individuals’ desire to provide more socially acceptable answers, or memory
limitations in recalling traumatic experiences, and it is also expected that there will be a cross-check of
supporting data by parents or other significant persons [74]. Covariates used in the study, such as gender,
grade level, parental marital status, and number of siblings, provide additional insights but do not fully
capture all relevant socioeconomic and environmental contexts. For example, the quality of relationships
with caregivers or access to mental health services were not analyzed, even though these factors may
have significant impacts on EF and HRBs. An important consideration in developing an effective tiered
intervention strategy is the limited number of mental health workers in Indonesia, especially for adolescent
health services that focus on childhood trauma [75,76]. This also highlights the potential for training non-
specialist personnel, such as teachers, as frontline mental health responders to bridge the service gap and
reduce stigma associated with adolescents experiencing ACEs and potentially engaging in HRBs. Future
research can expand the exploration by adding variables such as resilience, specific family support, and
mental well-being, all of which have been shown to play an important role in mitigating the adverse effects of
ACEs [42]. The role of family function can mitigate the negative impact of accumulated ACEs on adolescents’
health and emotional well-being [65]. Adolescents with higher ACE scores tended to report worse physical
and emotional outcomes compared to adolescents with lower ACE scores, after controlling for demographic
and socioeconomic factors [77].

In the cultural aspect, the sample size for each ethnic group was not sufficient to conduct a robust
moderation analysis, as the participants represented more than 15 culturally diverse ethnicities. It is
recommended to explore this aspect using qualitative or mixed-method approaches for deeper cultural
insights in future studies. Although this study provides good insight into a specific population, such as
Samarinda, Indonesia, generalization of the results to a wider population should be approached with
caution [16]. Emphasized the importance of diversifying samples based on specific ethnicity, and a deeper
family background, including the family’s economic status and living conditions that can all influence how
individuals respond to traumatic experiences related to EF and HRBs. Considering the cultural variability
in how ACEs influence HRBs, it is essential for future studies to develop culturally informed norms, values,
prevention, and intervention strategies that cater to the distinctive requirements and protective factors
of diverse communities [78,79]. In addition, future research needs to use longitudinal methods to track
how ACEs impact HRBs across life stages, this is to determine critical time frames for early preventive
interventions and identify specific developmental periods during which interventions may be most effective
in reducing the long-term risk of ACEs. Understanding these phase trajectories will allow for more targeted
and timely interventions to break the cycle of adverse outcomes associated with ACEs. A comprehensive
overview is also needed regarding policies and regulations related to the prevention of ACEs and HRBs
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in groups of children and adolescents. Future interventions should consider targeting specific domains of
EF that mediate the relationship between ACEs and health-risk behavior [80]. For example, increasing
intrinsic motivation in adolescents exposed to certain types of traumas may promote adaptive, goal-directed
behaviors [81]. To reduce emotion dysregulation, school-based programs (adapted to the religious context
of the student’s educational level) that incorporate multisensory emotion regulation training may effectively
enhance adolescents’ self-regulatory abilities, consequently, negative childhood experiences have less of an
impact on hazardous conduct [82].

5 Conclusions
This study has addressed the relationship between ACEs on HRBs among adolescents, particularly in

the context of junior high school students in Samarinda, Indonesia. The study findings provide an overview
that higher exposure to ACEs is strongly associated with increased engagement in a range of HRBs, including
substance use, risky sexual behavior, suicidal ideation, physical inactivity, and violence. Notably, adolescents
with more than five ACEs exhibited alarming rates of smoking or vaping, risky sexual practices, and suicidal
ideation, underscoring the urgent need for interventions in both school and family settings.

Mediation analysis also suggested that EF deficits have played a role in this association, serving as
a pathway through which ACEs influence HRBs. This suggests that improving executive function skills
may mitigate some of the negative effects associated with ACEs exposure. Therefore, it is imperative for
policymakers and educators to implement early intervention programs that not only address the impacts of
ACEs but also include targeted strategies to enhance specific EF (particularly self-motivation and emotional
regulation) for Indonesian adolescents, as highlighted in this study. This study contributes to a growing
body of literature emphasizing the importance of a holistic approach to promoting adolescent mental health
to address the challenges posed by ACEs. These initiatives can be embedded within school-based mental
health and social-emotional learning programs through the integration of emotional regulation curricula
(e.g., mindfulness training) in junior high schools, such as Islamic schools, to conduct ACEs screening and
psychological counseling, which are more familiar within the Indonesian context, engagement of community
leaders (e.g., village heads) in culturally appropriate prevention campaigns, and to bypass reliance on family
self-reporting. The tiered strategy trains teachers as frontline responders (especially in areas with limited
mental health services) to promote students’ motivation and healthy life decision-making.

Furthermore, family welfare policies should support parenting programs and home-based interventions
that build these executive skills from early childhood, ensuring that parents and caregivers are equipped with
the tools and strategies to foster these essential skills. Such initiatives can help create a strong foundation
for children’s cognitive, emotional, and social development, ultimately improving long-term outcomes and
reducing the risk of harmful behaviors later in life.
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