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ABSTRACT

Introduction: Adolescent smoking occurs within overlapping individual, interpersonal, school, and communication
environments. Examining these domains together can show which associations persist after accounting for co-occurring
measured exposures and can identify domains requiring closer surveillance and assessment in local health-promotion
planning. This study examined factors associated with screening-defined self-reported current smoking among senior
high school students in Semarang City.

Methods: This pooled cross-sectional secondary analysis included 8,230 unique senior high school students from
routine school-based smoking screening conducted in 2023-2025. Before anonymisation and analysis, the research
team performed data cleaning and cross-year record linkage using National Identification Number (NIK) and personal
email address as the primary identifiers, with name and school used for additional verification when required, so that
each student contributed only one observation. The outcome was screening-defined self-reported current smoking
based on the routine screening question “Do you smoke?”, which did not specify a recall period; “yes, every day” and
“yes, occasionally” were classified as current smoking. Population-averaged adjusted associations were estimated using
generalised estimating equations with a binomial distribution and logit link, Puskesmas (community health centres) as
the clustering unit (29 clusters), robust sandwich standard errors, all six prespecified explanatory variables, and
screening year.

Results: Overall, 2,173 of 8,230 unique students (26.4%) met the screening definition of current smoking; the
corresponding screening-defined prevalence was 25.6% in 2023, 26.9% in 2024, and 27.4% in 2025. After adjustment
for all prespecified variables, screening year, and clustering within Puskesmas, higher odds were observed for male sex
(aOR = 11.71; 95% ClI: 8.89-15.45), reported observation of smoking at school (aOR = 1.37; 95% CI: 1.14-1.66), a
family member at home who smoked (aOR = 1.97; 95% CI: 1.72-2.25), and reporting that many close friends smoked
(aOR =4.64; 95% CI: 4.01-5.36). The one-source category (aOR = 0.59; 95% CI: 0.40-0.86) and more than one source
(aOR = 0.18; 95% CI: 0.13-0.26) were inversely associated with the outcome.

Conclusion: The observed adjusted associations identify measured school, household, peer, sex, and communication
domains that warrant attention in local surveillance and further assessment, but they do not establish causal pathways
or the effectiveness of any intervention. The inverse gradient for the number of smoking-related information sources
should be treated as exploratory because message content, timing, frequency, intensity, and direction were not
measured. Longitudinal studies using standardised smoking definitions and richer exposure measurement are needed.
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INTRODUCTION

Adolescent cigarette smoking remains an important public health concern because nicotine dependence may develop during
a sensitive period of brain development and contribute to continued tobacco use into adulthood. Although global tobacco use
has declined, approximately 1.2 billion people worldwide were still using tobacco in 2024, indicating that tobacco use remains
a substantial global health burden (1). Adolescence is characterised by the continuing maturation of cholinergic and
dopaminergic systems involved in cognitive, emotional, motivational, and reward-related processes. Nicotine exposure during
this period may disrupt normal neurodevelopmental pathways and produce persistent neurobiological changes that increase
vulnerability to substance use and other adverse outcomes in adulthood (2). In Indonesia, the 2023 Indonesian Health Survey
estimated that 7.4% of individuals aged 10—18 years smoked (3). The 2019 Indonesian Global Youth Tobacco Survey reported
that 19.2% of school-going adolescents aged 13-15 years were current tobacco users and 18.8% were current tobacco
smokers (4). Differences between these estimates may reflect variations in age groups, populations, survey instruments, and
operational definitions of smoking. Nevertheless, these findings indicate that tobacco use among Indonesian adolescents
remains an important public health issue.

Adolescent smoking is associated with interacting individual, social, and environmental factors. A meta-analysis of 16 cross-
sectional studies involving 191,101 adolescents found that having peers and family members who smoked was associated
with higher odds of adolescent smoking (5). A school-based study in Xiamen, China, similarly found that smoking among
family members and classmates was associated with current smoking, while smoking among friends was associated with
experimental smoking. Positive expectations regarding smoking and lower anti-smoking self-efficacy were also associated
with smoking behaviour (6). Evidence from Indonesia also demonstrates the importance of social and environmental
exposure. A secondary analysis of the 2019 Indonesian Global Youth Tobacco Survey found that exposure to tobacco
advertising, promotion, and sponsorship was associated with several smoking-related behaviours among Indonesian
adolescents (7). In Semarang City, a study involving 400 male students from 20 senior high schools found that students
attending schools with a higher density of and closer proximity to outdoor tobacco advertising were more likely to smoke than
students attending schools with lower advertising exposure (8).

Another study involving 400 students from 20 schools in Semarang City identified smoking peers as an important factor
associated with smoking initiation and found that youths with smoking fathers were more likely to start smoking at an earlier
age (9). A more recent study among junior and vocational high school students in Tembalang District, Semarang City, reported
that age, attitudes towards smoking, and ease of access to cigarettes were significantly associated with smoking behaviour,
whereas the measured social factor was not significantly associated with smoking (10). Previous studies in Semarang have
primarily focused on male students, outdoor tobacco advertising, smoking initiation, or mixed populations of junior and
vocational high school students (8—10). These studies have also examined different combinations of individual, peer, family,
and environmental factors (8—10). Evidence therefore remains limited regarding how co-occurring individual, interpersonal,
institutional, and communication domains relate to adolescent smoking when considered within the same analytical
framework, particularly whether sex, exposure to smoking in the school environment, household smoking, peer smoking,
general awareness of smoking-related harms, and exposure to smoking-related information remain associated with
screening-defined self-reported current smoking when examined simultaneously among senior high school students in
Semarang City.

Conceptually, the measured variables represent distinct but potentially co-occurring domains of the adolescent smoking
environment, consistent with evidence that adolescent smoking is associated with factors operating across individual, social,
family, school, and broader environmental contexts (5,6,11,12). Sex and the general-awareness item are individual-level
measured characteristics, while previous research has demonstrated variation in adolescent tobacco use by sex and
highlighted the relevance of knowledge and perceptions of smoking-related harms (13—16). Household smoking and smoking
among close friends capture proximal interpersonal exposure, consistent with evidence linking parental and peer smoking
with adolescent smoking-related behaviours (5,17-19). Observed smoking at school reflects an institutional exposure within
the setting where tobacco-control norms and messages are encountered, and school environments and school-based
tobacco-control practices have been associated with adolescent smoking outcomes (5,20,21). The smoking-related
information variable represents the broader communication environment, for which previous studies have shown associations
between exposure to tobacco-related or anti-tobacco information and adolescent smoking-related behaviours, attitudes, or
susceptibility (12,22,23).

Examining these domains within the same model is useful not merely as a simultaneous test of familiar smoking correlates,
but as a way to assess whether associations within one measured domain persist after accounting for co-occurring measured
exposures in the others. This multidomain perspective is relevant to settings-based health promotion because adolescent
smoking occurs within interconnected individual, interpersonal, institutional, and communication environments rather than
solely as an individual behaviour (5, 6,11,12). Evidence from school-, family-, and communication-focused tobacco-control
research further illustrates the relevance of addressing the settings and social environments in which adolescent smoking
occurs (20,21,24,25). In Semarang, where the present routine screening programme operates through school- and
Puskesmas-linked adolescent health activities, such analysis can provide a context-specific map of measured domains that
warrant closer surveillance and further assessment. The analysis may therefore help identify where additional investigation
is most needed, while not establishing causal mechanisms, the relative causal importance of the measured domains,
independent causal effects, or the effectiveness of specific intervention components.
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This study aimed to examine the associations of sex, reported observation of smoking at school, household smoking, smoking
among close friends, a general-awareness item on the harmful effects of smoking, and the number of smoking-related
information sources with screening-defined self-reported current smoking among senior high school students in Semarang
City. These associations were estimated after simultaneous adjustment for the measured explanatory variables and screening
year while accounting for clustering within Puskesmas. The study contributes context-specific evidence from routine screening
by identifying which measured individual, interpersonal, institutional, and communication domains remain associated with
screening-defined self-reported current smoking after adjustment for the other measured domains. This evidence is intended
to inform priorities for surveillance and further assessment within settings-based adolescent health promotion in Semarang
rather than to establish causal mechanisms, the relative causal importance of particular domains, independent causal effects,
or intervention effectiveness.

METHODS

This study used a quantitative approach to examine factors associated with screening-defined self-reported current smoking
among senior high school students in Semarang City. The methodology consisted of the following components:

Study Design and Data Source

This quantitative analytical study used a pooled cross-sectional design based on secondary data from routine school-based
adolescent smoking screening conducted in Semarang City from 2023 to 2025. The unit of analysis was the individual student.
The electronic screening system collected personal identifiers for routine programme administration, including National
Identification Number (NIK), name, school, and personal email address.

Before construction of the de-identified analytical dataset, authorised members of the research team had access to identifiable
screening records solely for data cleaning and within- and cross-year record linkage. NIK and personal email address were
used as the primary linkage identifiers, with name and school information used for additional verification when necessary.
Duplicate submissions and records corresponding to the same student within or across screening years were identified and
removed during this process, ensuring that each student contributed only one observation to the pooled dataset. Deduplication
was therefore completed before de-identification. Direct personal identifiers were subsequently removed, and all statistical
analyses were performed using the de-identified dataset.

Data from the three screening years were pooled after harmonisation of variable names, response categories, and coding
procedures. The resulting analytical dataset therefore represented unique students rather than repeated screening records.
Because duplicate and repeated records had been removed and individual students were not followed longitudinally, the
pooled data were analysed cross-sectionally at the individual-student level. Reporting followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) recommendations for cross-sectional studies.

Participants and Analytical Sample

The target population comprised senior high school (SMA/equivalent) students in Semarang City who were eligible for routine
school-based adolescent health screening during 2023—-2025. The screening programme was implemented across the
catchment areas of all 29 community health centres (Puskesmas), and all 29 Puskesmas were represented in the study
database. The source population consisted of students who participated in the routine screening programme.

A reliable denominator for the total number of eligible SMA/equivalent students and schools during the study period was not
available in the study database. Consequently, individual participation rates and school-coverage proportions could not be
calculated. The source database contained 23,818 screening records across all school levels during 2023-2025. However,
the analysis log did not retain the number of SMA/equivalent records before deduplication, either overall or separately for
2023, 2024, and 2025. Therefore, the initial year-specific numbers of SMA/equivalent screening records could not be
reconstructed.

During preparation of the pooled SMA/equivalent dataset, records were linked to identify duplicate submissions within
screening years and repeated participation by the same student across different screening years. These duplicate and
repeated records were removed through the linkage procedure described above so that each student contributed only one
observation to the pooled analysis. The separate numbers removed as within-year duplicates and cross-year repeated
participants were not retained in the study analysis log and therefore could not be reconstructed. After completion of the
linkage and deduplication procedures, 8,232 unique SMA/equivalent students remained eligible for analysis.

Among these 8,232 eligible unique students, no missing data were identified for screening-defined current smoking, sex,
reported observation of smoking at school, household smoking, smoking among close friends, or general awareness of the
harmful effects of smoking. Two students (2/8,232; 0.024%) had missing data for the smoking-related information variable
and were excluded from the complete-case analysis, resulting in a final analytical sample of 8,230 unique students. Because
only two eligible students were excluded because of missing data, a meaningful comparison of characteristics between
included and excluded participants was not undertaken. The record-selection process is shown in Figure 1.

Age, date of birth, and grade were collected during routine screening but contained some missing, miscoded, or internally
inconsistent entries in the pooled secondary dataset. These data-quality problems did not result in exclusion of otherwise
eligible students because age and grade were not included as analytical covariates in the primary analysis. Accordingly, no
students who were otherwise eligible for the primary analysis were excluded solely because of inconsistencies in age, date
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of birth, or grade. Because all eligible students with complete data for the variables included in the primary analysis were
retained, no a priori sample-size calculation was performed.

Routine school-based screening records across all school levels, 2023—
2025
n=23,818

Restricted to SMA/equivalent students; record linkage and deduplication
completed
n = 8,232 unique students

Excluded because of missing smoking-related information data
n =2 (0.024%)

Final analytical sample
n = 8,230 unique students
2023: n = 3,592; 2024: n = 3,564; 2025: n = 1,074

Figure 1. Record-selection flow for the secondary analysis

Note: All 29 Puskesmas were represented. Each student contributed only one observation across the pooled 2023-2025
dataset. The pre-deduplication SMA/equivalent record count and separate within-year and cross-year duplicate sub-counts
were not retained in the study analysis log.

Setting and Study Period

Routine screening was conducted in senior high schools within the catchment areas of all 29 Puskesmas in Semarang City,
Central Java, Indonesia, from 2023 to 2025, through collaboration among schools, Puskesmas, and the Semarang City Health
Office. All 29 Puskesmas were represented in the analytical dataset. However, school identifiers were incompletely and
inconsistently recorded, with some records containing only school type rather than an identifiable school name. Consequently,
the exact number of participating schools, school-level participation rates, and a reliable school-level coverage denominator
could not be reconstructed from the secondary research dataset.

Variables and Measurement Instruments

The study variables were derived from the official Indonesian Ministry of Health adolescent smoking screening questionnaire,
Form 2, entitled “Kuesioner Skrining Perilaku Merokok pada Anak Usia Sekolah dan Remaja,” as provided in the 2023
Technical Guidelines for Integrated Primary Health Care Services (Petunjuk Teknis Integrasi Pelayanan Kesehatan Primer),
issued under Ministerial Decree No. HK.01.07/MENKES/2015/2023 (26). In Semarang City, the standard screening items
were administered electronically via Google Forms. The instrument collected information on smoking behaviour and related
individual, household, peer, school, and awareness-related characteristics. Each variable was analysed as an individual
indicator rather than as part of a composite scale.

Outcome

The primary outcome was screening-defined self-reported current smoking, derived from the routine screening question
“Apakah kamu merokok?” (“Do you smoke?”). Response options were: (1) “Ya, setiap hari” (“Yes, every day”); (2) “Ya,
kadang-kadang” (“Yes, occasionally”); (3) “Pernah mencoba walau hanya 1 hisapan” (“Have tried smoking, even only one
puff’); and (4) “Tidak merokok/tidak pernah mencoba” (“Do not smoke/have never tried”). Responses 1 and 2 were classified
as screening-defined current smoking, whereas responses 3 and 4 were classified as non-current smoking.

The screening question did not specify an explicit recall period. Accordingly, this operational definition is not equivalent to the
conventional past-30-day definition of current smoking used in surveys such as the Global Youth Tobacco Survey.
Respondents reporting experimentation only, including a single puff, were included in the non-current-smoking comparison
group. Prevalence estimates from this study should therefore be interpreted according to the operational screening definition
and should not be directly compared with past-30-day prevalence estimates without qualification.
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Explanatory Variables

Six explanatory variables were prespecified on the basis of the study objectives and their conceptual relevance to adolescent
smoking: sex, reported observation of smoking at school, household smoking, smoking among close friends, general
awareness of the harmful effects of smoking, and smoking-related information exposure.

Sex was recorded as male or female from the item “Jenis Kelamin” (“Sex”). School smoking exposure was assessed with the
question “Apakah kamu pernah melihat orang yang merokok di sekolah?” (“Have you ever seen someone smoking at
school?”) (yes/no). Household smoking was assessed with “Apakah ada anggota keluarga di rumah yang merokok?” (“Is
there a family member at home who smokes?”) (yes/no). Peer smoking was assessed with “Apakah teman-teman dekatmu
banyak yang merokok?” (“Do many of your close friends smoke?”) (yes/no). General awareness was assessed with “Apakah
kamu tahu dampak buruk dari merokok?” (“Do you know the harmful effects of smoking?”) (yes/no). Each item was treated
as an individual indicator.

Smoking-related information exposure was available in the secondary dataset as three categories: no reported source, one
source, or more than one source. The analytical dataset retained the number-of-sources category but did not contain
sufficiently detailed information on the specific source types, message content, frequency, or timing of exposure. This variable
was therefore treated as a general indicator of reported information exposure and interpreted cautiously. Reference categories
for the adjusted analysis were female sex, no reported observation of smoking at school, no household smoker, no report that
many close friends smoked, awareness of the harmful effects of smoking, no reported information exposure, and screening
year 2023.

Measurement Characteristics

The routine screening questionnaire comprised multiple individual indicators of smoking behaviour, social exposure, and
general awareness rather than items designed to form a single unidimensional psychometric scale. Accordingly, the study
analysed each item according to its prespecified operational definition and did not construct a composite questionnaire score.
The national technical guidance does not report item-level psychometric validity coefficients or internal-consistency reliability
estimates for the complete screening instrument, and no additional psychometric validation or pilot testing was undertaken
for this secondary analysis. Calculation of Cronbach’s alpha across these conceptually heterogeneous indicators was
therefore not considered appropriate.

Age, date of birth, and grade were also collected during routine screening. However, these variables contained missing,
miscoded, and internally inconsistent values in the pooled secondary dataset and could not be harmonised reliably across
screening years without unverifiable assumptions. Age and grade were therefore not included as covariates in the primary
adjusted model, and the potential for residual confounding related to these characteristics was considered when interpreting
the findings.

Data Collection and Quality Control

Data were collected electronically during routine school-based adolescent health screening conducted from 2023 to 2025.
Students completed the questionnaire directly through Google Forms during designated school hours under the supervision
of Puskesmas health personnel. Teachers were not positioned beside students during questionnaire completion, and physical
spacing was provided to reduce direct viewing of responses by teachers or peers.

Students accessed the electronic questionnaire using personal email accounts, and respondent identity was recorded for
routine programme purposes. The screening process was therefore confidential but not anonymous at the point of response.
Puskesmas health personnel could access submitted responses when required for routine programme follow-up.

Before statistical analysis, authorised members of the research team used identifiable records only for data cleaning and
record linkage as described above. Direct identifiers were removed immediately after linkage and deduplication, and all
subsequent statistical analyses were conducted using the de-identified analytical dataset.

Participation in routine screening was voluntary. For students younger than 18 years, parental or legal guardian consent was
obtained in accordance with programme procedures, and students were informed about the purpose of screening and could
decline participation.

Year-specific datasets were harmonised before pooling. Complete-case analysis was used for the variables included in the
primary analysis. Two eligible students were excluded because the smoking-related information variable was missing. No
imputation was performed for age or grade because their data-quality problems included implausible, miscoded, and internally
inconsistent values in addition to missingness.

Statistical Analysis

Data were analysed using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY, USA). Frequencies and
percentages were used to describe the outcome and explanatory variables. The six explanatory variables of substantive
interest were specified a priori for inclusion in the multivariable model based on the study objectives and their conceptual
relevance to adolescent smoking. Screening year was additionally included as a categorical adjustment variable to account
for temporal differences across the pooled 2023—-2025 screening data. All six substantive variables and screening year were
retained irrespective of statistical significance.

Population-averaged adjusted associations were estimated using generalised estimating equations (GEE) with a binomial
distribution and logit link. Puskesmas was specified as the clustering unit (29 clusters), with an independent working
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correlation structure and robust sandwich standard errors. Results are reported as adjusted odds ratios (aORs) with robust
95% confidence intervals (Cls) and p-values.

Multicollinearity among the explanatory variables was assessed using tolerance and variance inflation factor (VIF) statistics.
Tolerance values ranged from 0.828 to 0.984 and VIF values from 1.016 to 1.208, indicating no evidence of problematic
collinearity. Because GEE was the primary analytical model, Hosmer—Lemeshow statistics and pseudo-R? measures from
conventional logistic regression were not used as primary model-fit criteria. All statistical tests were two-sided, and p < 0.05
was considered statistically significant. Values displayed by SPSS as p = 0.000 were reported as p < 0.001.

Ethical Considerations

Ethical approval for this secondary analysis was obtained from the Health Research Ethics Committee of Sultan Agung Islamic
Hospital, Semarang, Indonesia (No. 77/KEPK-RSISA/V/2025; approval date: 16 May 2025). Identifiable screening records
were accessed only by authorised personnel for pre-analysis data cleaning and record linkage. Direct identifiers were removed
after linkage and deduplication, and statistical analyses were conducted using de-identified data.

The original school-based screening was conducted in accordance with routine programme procedures. For participants
younger than 18 years, parental or legal guardian consent was obtained as required, and students were informed about the
screening purpose, the voluntary nature of participation, and their right to decline. Access to the analytical dataset was
restricted to the research team. Study procedures were conducted in accordance with the Declaration of Helsinki and
applicable ethical and data-governance requirements.

Data Availability

The de-identified analytical dataset is not publicly available because it was derived from routine school-based health screening
and is subject to confidentiality and data-governance restrictions. The Semarang City Health Office (Dinas Kesehatan Kota
Semarang) is the data custodian. Researchers seeking access to the data must submit a formal application for research
permission and data access through the official LIMOSIEN online platform (https://limosien.dinkes.semarangkota.go.id/). All
requests are subject to authorisation by the Semarang City Health Office and applicable ethical, administrative, confidentiality,
and data-governance requirements. Submission of a request does not guarantee access to the data.

RESULTS

Sample Characteristics

The final analytical dataset contained 8,230 unique senior high school students. Of these, 2,173 (26.4%) met the screening
definition of self-reported current smoking and 6,057 (73.6%) did not. Slightly more than half of the students were male
(52.8%). Overall, 39.9% reported having seen someone smoking at school, 58.5% reported a family member at home who
smoked, and 42.2% reported that many close friends smoked. Most students (96.8%) answered “yes” to the single general-
awareness item on harmful effects of smoking. For the programme-derived information variable, 62.1% were classified as
exposed to more than one source, 36.1% to one source, and 1.8% to no source. Participant characteristics are summarised
in Table 1.

Table 1. Characteristics of study participants (n = 8,230 unique students)

Variable n %
Screening-defined self-reported current smoking status

Non-current smoker 6,057 73.6
Current smoker 2,173 26.4
Sex

Male 4,344 52.8
Female 3,886 47.2
Reported observation of smoking at school

No 4,945 60.1
Yes 3,285 39.9
Family member at home smokes

No 3,415 41.5
Yes 4,815 58.5
Reported that many close friends smoke

No 4,759 57.8
Yes 3,471 42.2
General awareness of harmful effects of smoking

No 262 32
Yes 7,968 96.8
Smoking-related information exposure

Not exposed 149 1.8
Exposed to one source 2,971 36.1
Exposed to more than one source 5,110 62.1

Source: Secondary data analysis, 2023-2025.
Screening Year Distribution

Across the 2023-2025 screening period, the analytical sample contained 3,592 unique students screened in 2023, 3,564 in
2024, and 1,074 in 2025. The prevalence of screening-defined self-reported current smoking was 25.6% in 2023 (920/3,592),
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26.9% in 2024 (959/3,564), and 27.4% in 2025 (294/1,074). Overall, 2,173 of 8,230 students (26.4%) met the screening
definition. The screening-year distribution and prevalence estimates are presented in Table 2.

Table 2. Sample distribution and prevalence of screening-defined self-reported current smoking by screening year, 2023—
2025

Screening year Students, n Screening-defined current smoking, n (%)
2023 3,592 920 (25.6)
2024 3,564 959 (26.9)
2025 1,074 294 (27.4)
Total 8,230 2,173 (26.4)

Source: Secondary data analysis, 2023-2025.

Cluster-Adjusted Multivariable Analysis

All six prespecified explanatory variables and screening year were retained in the GEE model. After accounting for clustering
within Puskesmas, male sex was associated with higher odds of screening-defined self-reported current smoking than female
sex (aOR = 11.71; 95% CI: 8.89-15.45; p < 0.001). Reported observation of smoking at school was associated with higher
odds than no reported school exposure (aOR = 1.37; 95% ClI: 1.14-1.66; p = 0.001). A family member at home who smoked
was also associated with higher odds (aOR = 1.97; 95% CI: 1.72-2.25; p < 0.001), as was reporting that many close friends
smoked (aOR = 4.64; 95% CI: 4.01-5.36; p < 0.001). The single general-awareness item was not statistically associated with
the outcome after adjustment (aOR = 0.86; 95% CI: 0.57-1.30; p = 0.477). Compared with no reported information exposure,
the one-source category was inversely associated with the outcome (aOR = 0.59; 95% CI: 0.40-0.86; p = 0.006), as was
more than one source (aOR = 0.18; 95% CI: 0.13-0.26; p < 0.001); these information-source estimates are interpreted as
exploratory because content and direction were not measured. Screening year was not statistically associated with the
outcome overall (Wald x? = 1.07, df = 2, p = 0.586); compared with 2023, the adjusted odds were 0.97 (95% CI: 0.78-1.21; p
=0.808) in 2024 and 1.21 (95% CI: 0.79-1.85; p = 0.381) in 2025. The cluster-adjusted multivariable findings are presented
in Table 3.

Table 3. Cluster-adjusted generalised estimating equation analysis of factors associated with screening-defined self-reported
current smoking

Variable B SE p-value aOR (95% CI
Sex

Female Ref.
Male 2.461 0.141 <0.001 11.71 (8.89-15.45)

Reported observation
of smoking at school
No Ref.
Yes 0.318 0.096 0.001 1.37 (1.14-1.66)
Family member at
home smokes
No Ref.
Yes 0.677 0.069 <0.001 1.97 (1.72-2.25)
Reported that many
close friends smoke
No Ref.
Yes 1.534 0.074 <0.001 4.64 (4.01-5.36)
General awareness of
harmful effects of

smoking
Yes Ref.
No -0.151 0.212 0.477 0.86 (0.57-1.30)

Smoking-related
information exposure

Not exposed Ref.
One source -0.531 0.193 0.006 0.59 (0.40-0.86)
More than one source -1.690 0.182 <0.001 0.18 (0.13-0.26)
Screening year
2023 Ref.
2024 -0.027 0.112 0.808 0.97 (0.78-1.21)
2025 0.190 0.217 0.381 1.21 (0.79-1.85)

Source: Secondary data analysis, 2023-2025.

B: regression coefficient; SE: robust standard error; aOR: adjusted odds ratio; Cl: confidence interval; Ref.: reference
category. Estimates were obtained using GEE with a binomial distribution and logit link, Puskesmas as the clustering unit (29
clusters), an independent working correlation structure, and robust sandwich standard errors. All six prespecified explanatory
variables and screening year were retained. Collinearity diagnostics: tolerance 0.828-0.984; VIF 1.016—1.208.
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DISCUSSION

The discussion section interprets the findings of this study within the context of existing research, explores their implications
for adolescent smoking prevention, evaluates the strengths and limitations of the study, and provides recommendations for
future research.

Principal Findings

After adjustment for all measured explanatory variables, screening year, and clustering within Puskesmas, male sex, reported
observation of smoking at school, a family member at home who smoked, and reporting that many close friends smoked were
associated with higher odds of screening-defined self-reported current smoking. Male sex and the close-friend indicator had
the largest adjusted odds ratios, but differences in magnitude do not establish the causal importance of these domains. The
single general-awareness item was not statistically associated with the outcome after adjustment. The inverse association
with the number of smoking-related information sources is exploratory. These estimates represent adjusted associations
within the measured covariate set and should not be interpreted as independent causal effects because important potential
confounders, including a reliable age/grade measure, were unavailable for modelling.

Taken together, the observed associations show that screening-defined self-reported current smoking co-occurs with
exposures across several measured social settings. Mechanisms such as behavioural modelling, perceived norms, social
acceptance, and peer influence are plausible explanatory pathways described in prior literature, but they were not measured
in this dataset and should not be treated as findings of the present study. The cross-sectional design also cannot determine
whether the measured exposures preceded smoking, followed smoking, or reflected shared underlying factors. External
evidence supports examining school and family settings as prevention contexts (20,24), while longitudinal evidence from
Indigenous adolescents also indicates that never-smoking status can be associated with individual, social, and environmental
characteristics (11). These external studies support a multi-domain health-promotion perspective but differ in design,
population, and outcome and therefore should not be interpreted as direct evidence of intervention effectiveness in Semarang.
Implications directly traceable to the measured domains are that local prevention planning should pay attention to visible
smoking in school settings, smoking within households, and smoking among close friends, while continuing to monitor sex
differences in reported smoking and the nature of tobacco-related information exposure. The present study did not evaluate
any intervention; therefore, specific actions such as smoke-free policy enforcement, cessation support, family programmes,
peer-led activities, or restrictions on cigarette access should be regarded as options to be evaluated against the domain-
specific external evidence discussed below and local feasibility, rather than interventions proven effective by these data.

In practice, schools and Puskesmas can use routine screening to identify where these measured exposures are common and
to link the findings with existing tobacco-control activities. Decisions about counselling, referral, smoke-free home initiatives,
peer programmes, or measures to reduce cigarette access should rely on intervention evidence and local feasibility. This
distinction allows the screening data to guide priority-setting without overstating what the cross-sectional associations can
establish.

Comparison With Existing Evidence

Sex and Screening-Defined Current Smoking

Male students had substantially higher odds of screening-defined current smoking than female students. This finding is
consistent with the 2019 Indonesian Global Youth Tobacco Survey among students aged 13—15 years and with research
among school-going adolescents in drug-abuse hotspot areas in Malaysia, both of which reported a higher prevalence of
tobacco use among male adolescents than female adolescents (4,27). These similarities suggest that the sex difference
observed in the present study is not unique to senior high school students in Semarang.

The large male—female association warrants careful interpretation. Social acceptance of smoking among boys, gendered
peer expectations, easier access to cigarettes, and representations of smoking as masculine are plausible hypotheses in
some settings, but none of these constructs was measured in the present study. The data therefore cannot determine why
male respondents reported substantially more screening-defined current smoking than female respondents.

Differential disclosure is another plausible explanation. If smoking is more strongly stigmatised among girls in the local social
context, female students may be more likely to underreport smoking, whereas boys may feel more able to disclose it. The
self-reported screening data cannot determine whether sex-specific social-desirability bias occurred. The large adjusted odds
ratio should therefore be interpreted as an association between recorded sex and screening-defined self-reported current
smoking, not as direct evidence of a specific gendered causal mechanism.

An ecological analysis from Germany showed that changes in gender equality over time were correlated with changes in
smoking prevalence among people aged 15-25 years (13). This finding indicates that gender differences in smoking may
vary according to broader social and historical conditions. However, because the study used ecological data, it could not
determine the individual-level mechanisms responsible for the observed relationships. Similarly, the present study did not
measure masculine norms, gender-role attitudes, social acceptance of smoking, peer expectations, or differences in access
to cigarettes. These factors should therefore be considered possible explanations rather than conclusions derived from the
present data.

Patterns of tobacco and nicotine use may also differ according to the type of product examined. Research among high school
students in the United States reported important differences between male and female students in patterns of electronic
cigarette use (14). Therefore, the marked sex difference observed in the present study should be interpreted specifically in
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relation to the definition of smoking used in this analysis. It should not automatically be generalised to electronic cigarettes,
heated tobacco products, or all forms of nicotine use.

The observed sex difference supports maintaining tobacco prevention and surveillance for both male and female students
while investigating the reasons for the difference rather than presuming a particular mechanism. Prevention messages should
avoid reinforcing gender stereotypes. Future studies should directly measure gender norms, social acceptability, cigarette
access, product-specific use, and disclosure conditions before gender-tailored strategies are designed around any proposed
mechanism.

Exposure to Smoking in the School Environment

Reported observation of smoking at school remained associated with higher odds of screening-defined current smoking after
adjustment for the measured variables, screening year, and Puskesmas clustering (aOR = 1.37; 95% CI: 1.14-1.66). The
analysed item asked whether students had ever seen someone smoking at school; it did not itself identify which person was
observed.

Visible smoking in or around schools may contribute to perceptions that smoking is common, tolerated, or socially acceptable.
Repeated observation of smoking may weaken formal school messages concerning tobacco prevention, particularly when
smoking is observed among people who are perceived as senior, influential, or socially important. Research based on social
cognitive theory has shown that smoking behaviours among people within adolescents’ social environments, including peers
and adults, are related to experimental and current smoking among adolescents (6).

Multilevel research has also shown that school-level tobacco-control environments and practices are associated with
adolescent smoking, although the magnitude and pattern of these associations may differ among groups of students (20).
These findings indicate that adolescent smoking cannot be addressed exclusively as an individual behavioural problem. The
institutional environment, enforcement of tobacco-control rules, and behaviour of members of the school community may also
shape students’ smoking-related perceptions and behaviours.

Qualitative evidence from Egypt emphasised a multidimensional whole-school approach to smoking prevention that combines
health education with a smoke-free environment, credible adult role models, attention to peer influence, life-skills
development, and interactive activities (21). This external evidence supports evaluating school-wide strategies rather than
assuming that classroom education alone is sufficient.

The routine screening questionnaire contained a follow-up question identifying who was most often observed smoking at
school, but this information was not retained in the analytical dataset. Therefore, the observed association cannot be attributed
to a specific source of school-based smoking exposure. Peer smoking may influence perceived norms and social modelling,
whereas smoking by adults or school-associated personnel may weaken smoke-free norms; however, these mechanisms
were not measured and should be regarded only as plausible explanations informed by previous literature.

Future questionnaires should separately measure smoking exposure from students, teachers, school employees, visitors,
and vendors. They should also assess where the smoking was observed, such as inside school buildings, in the school yard,
at the school entrance, or in nearby commercial areas.

The observed association with reported observation of smoking at school identifies visible smoking in school settings as a
local prevention domain warranting attention. Specific implementation measures—such as comprehensive smoke-free rules,
monitoring, supportive counselling, or referral to cessation services—are broader evidence-informed policy options supported
by external literature rather than effects evaluated by the present study. Where such policies are implemented, responses to
students who smoke should avoid relying exclusively on punishment, which may increase concealment and stigma without
addressing nicotine dependence or the social circumstances associated with smoking.

Household Smoking and Screening-Defined Current Smoking

The presence of smokers in the household was associated, after adjustment for the measured variables, with approximately
twice the odds of screening-defined current smoking. This finding is consistent with previous evidence indicating that smoking
among parents and other household members is associated with smoking among adolescents (5,6,9,17).

Several plausible pathways described in prior literature may help explain the household association. Regular observation of
smoking at home may normalise cigarette use, weaken smoke-free norms, increase exposure to cigarettes and smoking
equipment, and facilitate access to tobacco products. These mechanisms were not measured in the present dataset and
therefore remain hypotheses rather than demonstrated pathways.

Indonesian evidence has identified family smoking as an important factor related to smoking initiation among adolescents (9).
However, the household variable in the present study measured only whether any household member smoked. It did not
identify whether the smoker was the father, mother, sibling, grandparent, or another relative. It also did not measure the
frequency of smoking, whether smoking occurred inside the home, whether cigarettes were accessible to students, or whether
household members provided cigarettes to adolescents.

The association between parental smoking and adolescent smoking may differ according to the parent who smokes and the
sex of the adolescent. A large study from China found gender-specific patterns in the relationships between maternal and
paternal smoking and adolescent smoking, indicating that parental influences are not necessarily uniform across all families
(17). The study also examined resilience as a possible mediating or protective mechanism. These findings suggest that future
research should distinguish maternal smoking, paternal smoking, and smoking by other household members rather than
combining them into a single household-smoking variable.
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The household environment provides an important opportunity for prevention. Among adolescents who had never smoked,
smoke-free home rules were associated with lower susceptibility to cigarette and electronic cigarette use, partly through less
favourable attitudes towards tobacco use (28). This evidence concerns susceptibility among never-smoking adolescents
rather than current smoking among all adolescents. Nevertheless, it supports the potential importance of explicit household
rules in shaping tobacco-related attitudes.

Based on the external evidence summarised above, potential family-level prevention actions include explicit smoke-free home
rules, avoiding smoking in front of adolescents, reducing adolescents’ access to stored cigarettes, and offering cessation
support to household members who smoke. These actions were not evaluated in the present analysis and should therefore
be interpreted as evidence-informed options rather than effects demonstrated by the observed household association.

A systematic review and meta-analysis found that smoking-prevention programmes involving active parental participation
reduced smoking initiation among children and adolescents (24). However, evidence regarding smoking cessation among
adolescents was less conclusive because relatively few cessation studies were available. Family-based interventions should
therefore be presented primarily as a potentially useful component of smoking-initiation prevention, while additional evidence
is needed regarding their effectiveness for adolescent smoking cessation.

Smoking Among Close Friends

Reporting that many close friends smoked was one of the larger adjusted associations with screening-defined current
smoking. Respondents who reported that many close friends smoked had 4.64 times the adjusted odds of the outcome
compared with those who did not report that many close friends smoked (95% CI: 4.01-5.36). This difference in magnitude
should not be interpreted as establishing causal importance. The cross-sectional design cannot distinguish peer influence
from friendship selection or shared contextual factors (5,9).

The meta-analysis reported a strong pooled association between having peers who smoked and adolescent smoking
behaviour (5). Peer smoking may influence adolescents through several pathways, including direct offers of cigarettes, social
pressure, imitation, a desire for group acceptance, and the perception that smoking is common or socially approved. Close
friends may also provide opportunities to obtain and use cigarettes without adult supervision.

A two-wave longitudinal social-network study among Chinese adolescents found evidence that friends influenced
adolescents’ tobacco and alcohol use over time. The study did not find evidence that adolescents selected friends primarily
on the basis of similar tobacco or alcohol use (18). Because it used longitudinal network analysis, this study provides stronger
evidence regarding temporal peer processes than cross-sectional studies.

However, the findings of that longitudinal study should not be generalised automatically to the population in Semarang.
Friendship-selection processes may vary according to age, school structure, cultural context, smoking prevalence, and the
availability of cigarettes. The absence of statistically detectable friendship selection in one study does not demonstrate that
selection never occurs in other populations.

Studies from other settings have also identified relationships between smoking among friends or classmates and experimental
or current smoking (6), intention to smoke among non-smoking adolescents (19), and factors identified as important for
smoking initiation (29). However, findings related to smoking intention among non-smoking adolescents should be interpreted
cautiously, as they do not provide direct evidence of current smoking behaviour.

Research using longitudinal cohort data has additionally found that adolescents’ positions within social networks were
associated with lifetime daily smoking and nicotine dependence (30). This suggests that not only whether friends smoke, but
also adolescents’ structural positions within friendship networks, may be relevant to smoking-related outcomes.
Nevertheless, the strong association found in the present study cannot establish that friends caused students to smoke. The
cross-sectional design could not determine whether friends’ smoking preceded students’ smoking. It is also possible that
students who already smoked became closer to other students who smoked, that students and their friends began smoking
during the same period, or that both were influenced by shared environments and access to cigarettes.

The observed close-friend association identifies the peer context as a priority for further assessment in school-based
prevention, but it does not establish which peer intervention is effective. Potential components for evaluation include peer-led
education, refusal-skills training, correction of exaggerated perceptions of smoking prevalence, student tobacco-control
ambassadors, and activities that support a smoke-free social identity. Their effectiveness in this setting requires direct
evaluation.

However, peer interventions should avoid publicly identifying or stigmatising students who smoke. Labelling students as
“problem students” may increase social exclusion and encourage smokers to form more isolated peer groups. Inclusive
interventions involving broad student networks may therefore be more appropriate than interventions directed only at students
classified as being at high risk.

General Awareness of the Harmful Effects of Smoking

No statistically significant association was detected between screening-defined current smoking and the single dichotomous
general-awareness item asking whether students knew that smoking had harmful health effects after adjustment for all
measured variables, screening year, and Puskesmas clustering (aOR = 0.86; 95% CI: 0.57-1.30; p = 0.477). Because 96.8%
of records had a “yes” response, the item had very limited variation and therefore limited capacity to distinguish between
records meeting and not meeting the screening definition of current smoking.

The adjusted model did not detect a statistically significant association for the single general-awareness item. One possible
explanation is the very high proportion of students who reported knowing that smoking was harmful, which resulted in limited
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variation in the knowledge variable. When nearly all respondents provide the same answer, the variable has limited ability to
distinguish between students who smoke and those who do not.

Knowledge was also measured using only one dichotomous question. This measurement did not assess the accuracy, depth,
or specific domains of students’ knowledge. Students who had only a general awareness that smoking was unhealthy were
classified in the same category as students who understood nicotine dependence, cancer, cardiovascular disease, respiratory
disease, reproductive consequences, and the effects of second-hand smoke.

Research indicates that tobacco-related knowledge varies according to demographic characteristics, smoking experience,
family context, and the specific health effects being assessed (15). Global evidence has also shown that adolescent
knowledge and attitudes towards tobacco have changed over time and differ across populations (16). Consequently, a single
general-awareness question may have limited capacity to identify meaningful differences in knowledge and risk perception.
The absence of a statistically significant association should not be interpreted as evidence that knowledge is unimportant or
that health education is ineffective. It indicates only that this single general-awareness item, as measured in the screening
dataset, was not associated with screening-defined current smoking after adjustment. The item does not represent tobacco
knowledge as a broader construct because it did not assess accuracy, depth, specific health consequences, perceived
susceptibility, severity, or risk perception.

Implications for the design of health education should therefore be drawn from intervention evidence rather than from this null
association alone. Future prevention and evaluation studies should use differentiated, validated measures and can test
whether risk communication, refusal skills, anti-smoking self-efficacy, media literacy, and decision-making improve both
cognitive and behavioural outcomes.

A pilot randomised comparative trial reported that an interactive social game-based tobacco-prevention programme affected
tobacco-related knowledge and risk perception among adolescents (31). This finding suggests that interactive approaches
may improve cognitive outcomes. However, improvements in knowledge and perceived risk should not automatically be
interpreted as evidence of sustained reductions in smoking behaviour. Future interventions should measure both intermediate
outcomes, such as knowledge and self-efficacy, and behavioural outcomes, such as smoking initiation and past-30-day
smoking.

Smoking-Related Information Exposure

Exposure to a greater number of smoking-related information sources was inversely associated with screening-defined
current smoking, with a stronger inverse estimate among records classified as exposed to more than one source. Given the
measurement constraints, this gradient should be treated as an exploratory association rather than evidence that smoking-
related information exposure is protective.

The analytical dataset retained only a count category for the number of smoking-related information sources; it did not retain
the exact wording of the local item or source-specific responses, nor did it measure message content, timing, frequency,
intensity, credibility, or whether the information was anti-tobacco or pro-tobacco. In addition, only 149 records formed the
unexposed reference category. The cross-sectional design cannot establish direction of effect. Consequently, the inverse
association could reflect differences in message exposure, information-seeking, recall, residual confounding, selection,
reverse causation, or misclassification of this heterogeneous exposure.

School-based smoking-prevention education has been associated with greater exposure to anti-tobacco media messages
among adolescents (25). Exposure to the Tips from Former Smokers campaign was also associated with more favourable
anti-tobacco attitudes in some groups of adolescents, although the evidence did not show a consistent association with youth
smoking behaviour (22). These findings suggest that anti-tobacco communication may influence attitudes, but behavioural
effects may depend on message content, reach, repetition, developmental appropriateness, and the surrounding social
environment.

Evidence from Indonesia has linked social environments, social-media factors, and tobacco-related exposure with electronic
cigarette use and susceptibility among young people (12). However, this evidence concerns electronic cigarettes and should
not be generalised directly to conventional cigarette smoking.

Research from Gambia found that adolescents were exposed to both pro-tobacco and anti-tobacco media messages and
events, and that these different forms of exposure were related to smoking behaviour in different ways (23). This finding
illustrates that a simple count of information sources may combine fundamentally different forms of communication. Health
education, package warnings, tobacco advertising, sponsorship, social-media promotion, and portrayals of smoking in
entertainment media may have opposing effects.

The information variable should therefore not be described as a protective factor. Its inverse association may reflect exposure
to effective anti-smoking communication, but it may also reflect differences in information-seeking behaviour, recall, message
credibility, socioeconomic characteristics, or smoking status. Reverse causation is also possible: students who do not smoke
may attend to or recall health information differently from students who smoke. For these reasons, the finding is best
interpreted as hypothesis-generating and requires confirmation with longitudinal data and content-specific measures.

The relatively small reference category should also be considered. Only 149 students were classified as having no smoking-
related information exposure, compared with 2,971 students classified as exposed to one source and 5,110 students classified
as exposed to more than one source. Estimates using this small reference group may be less stable and more sensitive to
misclassification.

Future questionnaires should separately measure school education, health warnings, communication with healthcare
workers, family communication, mass-media campaigns, social-media content, tobacco advertising and promotion,
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sponsorship, and entertainment portrayals of smoking. They should also assess the frequency, timing, perceived credibility,
and emotional impact of the messages.

Strengths and Limitations

This study has several strengths. It analysed 8,230 unique senior high school students, used a prespecified adjustment set
rather than significance-based variable selection, adjusted for screening year, and used GEE with robust standard errors to
account for clustering within 29 Puskesmas. The multi-domain analysis also provides context-specific evidence from routine
screening. Nevertheless, several limitations should be considered. First, the cross-sectional design precludes determination
of temporal order or causality. Findings are therefore described as associations after adjustment for the variables included in
the model, not as independent, causal, preventive, or protective effects.

Second, smoking status and all explanatory variables were self-reported and may be affected by recall and social-desirability
bias. The routine screening was confidential but not anonymous at the point of response: students used personal email
accounts, identifying information was recorded, and Puskesmas health personnel could access responses for programme
follow-up. Although teachers were not positioned beside students and physical privacy was provided, the supervised school
setting may still have encouraged under-reporting of smoking. Differential disclosure by sex also cannot be excluded; if
willingness to report smoking differed between male and female students, the estimated sex association could be biased.
Third, the smoking item did not specify a standardised recall period. Daily or occasional smoking was classified as current
smoking, while experimentation—even one puff—was grouped with never smoking. This screening definition differs from
past-30-day definitions, creates a heterogeneous comparison group, and limits direct comparison with GYTS-type prevalence
estimates.

Fourth, the primary GEE analysis accounted for clustering within Puskesmas, but school identifiers were incomplete and
inconsistently recorded in the de-identified analytical dataset. Consequently, school-level clustering could not be modelled
separately and school-level variance could not be estimated. Fifth, grade, date of birth, and age were collected during routine
screening, but these variables contained missing, miscoded, and internally inconsistent entries in the pooled secondary
dataset and could not be harmonised reliably across screening years without unverifiable assumptions. Age and grade were
therefore not included in the adjusted model. Other potentially important confounders were also unavailable or insufficiently
measured, including socioeconomic position, parental education, pocket money, cigarette access, tobacco advertising
exposure, electronic-cigarette use, mental-health conditions, substance use, smoking intensity, nicotine dependence, school-
policy enforcement, and attitudes towards smoking. Residual confounding therefore remains possible. Sixth, most explanatory
variables were measured using single-item indicators derived from routine programme screening rather than validated multi-
item psychometric scales. The screening instrument was designed to capture multiple distinct behaviours and exposures
rather than a single underlying construct, and no additional psychometric validation was undertaken for this secondary
analysis. The smoking-related information variable was particularly limited because only the number-of-sources category was
retained in the analytical dataset; detailed information on the specific source types, message content, frequency, timing, and
direction of exposure was not available. Accordingly, this variable should be interpreted cautiously as a general indicator of
reported information exposure.

Finally, although all 29 Puskesmas were represented, the exact number of participating schools, school-level participation
rates, and enrolment denominators were not reliably available because school identifiers were inconsistently recorded. The
research dataset therefore cannot establish complete school coverage or population representativeness. Students who were
absent, had left school, or attended schools not captured by routine screening may have different smoking behaviours and
social exposures. Each participant in the final analytical dataset was verified as unique across the 2023—2025 pooled files;
however, the pre-deduplication SMA/equivalent record count and the separate numbers removed as same-session duplicates
versus cross-year repeated participants were not retained in the study analysis log. Accordingly, those deduplication sub-
counts cannot be reported separately in the participant-flow diagram.

Recommendations for Future Research

Future studies should use longitudinal designs to examine whether exposure to smoking at school, household smoking, and
peer smoking precede smoking initiation or continuation. Repeated measurements would help distinguish peer influence from
friendship selection and determine whether exposure to smoking-related information precedes changes in smoking status.
Future research should use standardised past-30-day smoking measures and separately assess ever smoking, experimental
smoking, current smoking, daily smoking, smoking frequency, and nicotine dependence. Conventional cigarettes should be
distinguished from electronic cigarettes, heated tobacco products, and other nicotine products. Validated instruments should
be used to measure tobacco-related knowledge, risk perception, attitudes, refusal self-efficacy, perceived norms, and
exposure to pro-tobacco and anti-tobacco information. Household measures should distinguish smoking by fathers, mothers,
siblings, and other household members. School-exposure measures should distinguish smoking by students, teachers,
employees, visitors, and vendors. Future studies should retain reliable school identifiers and use multilevel or other cluster-
aware methods to model school- and Puskesmas-level correlation explicitly. Such analysis would allow individual-level and
school-level factors to be assessed simultaneously and could identify whether differences in school tobacco-control
environments contribute to variation in adolescent smoking.
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CONCLUSION

This pooled cross-sectional analysis of 8,230 unique senior high school students provides context-specific evidence from
Semarang City that male sex, reported observation of smoking at school, a family member at home who smoked, and
reporting that many close friends smoked were associated with higher odds of screening-defined self-reported current
smoking after adjustment for the measured variables, screening year, and Puskesmas clustering. Male sex and the close-
friend indicator had the largest adjusted odds ratios, but differences in magnitude do not establish the causal importance of
these domains. No association was detected for the single general-awareness item on smoking harm, which showed little
variation and does not represent tobacco knowledge as a broader construct. The inverse association with the number of
smoking-related information sources should be interpreted as exploratory rather than protective because message content,
timing, frequency, intensity, and direction were not measured. These findings can inform surveillance and further assessment
of the measured domains, while intervention choices should be guided by external evidence and local feasibility. Longitudinal
studies using standardised past-30-day smoking measures, validated constructs, reliable age/grade measures, and reliable
school-level identifiers are needed to clarify temporal relationships and remaining sources of confounding.

For local health promotion, the findings can help prioritise surveillance and further assessment of the measured school,
household, peer, sex, and communication domains. Specific interventions—including smoke-free policy enforcement, family
or peer programmes, cessation support, or communication campaigns—should be selected on the basis of external
intervention evidence and local feasibility rather than interpreted as effects demonstrated by this study. Interpretation should
account for the non-standard smoking definition, self-report and possible differential disclosure in a non-anonymous screening
setting, residual confounding, and incomplete school-level coverage and clustering information. Future studies should use
standardised past-30-day smoking measures, richer knowledge and communication measures, reliable age/grade and school
identifiers, and longitudinal or multilevel designs.
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