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Highlights
• Up to 7.15% of Polish teens add psychoactive substances to electronic cigarettes (e‑cigarette) liquids (e‑liquids).
• Urban areas show highest rates of e‑liquids substance modification.
• Higher income correlates with greater risk of e‑liquid substance addition.
• Marketing exposure linked to increased psychoactive substance use.

Abstract
Objectives: The increasing prevalence of electronic cigarettes (e‑cigarette) use among adolescents has raised concerns about potential high‑risk be‑
haviors, particularly the addition of psychoactive substances to e‑cigarette liquid (e‑liquids). This study examines the association between exposure 
to e‑cigarette marketing and the practice of adding psychoactive substances to e‑liquids among Polish teenagers. Material and Methods: A cross‑
sectional survey was conducted with 8344 Polish teenagers aged ≥15 years. The study evaluated exposure to various e‑cigarette marketing chan‑
nels, the prevalence of psychoactive substances added to e‑liquids and associated demographic and socioeconomic factors. Results: Among par‑
ticipants, 7.15% reported adding psychoactive substances to e‑liquids, with tetrahydrocannabinol being the most commonly reported substance. 
E‑cigarette marketing exposure, especially in urban areas and via digital platforms, was significantly associated with an increased likelihood of add‑
ing psychoactive substances to e‑liquids (p < 0.001). Higher‑income adolescents exhibited greater susceptibility to this behavior when exposed to 
marketing. Maternal secondary education demonstrated a protective effect. Various marketing channels showed differential impacts, with club or 
social venue promotions demonstrating the strongest association with psychoactive substance use. Conclusions: These findings elucidate the com‑
plex interplay between e‑cigarette marketing exposure, socioeconomic factors, and high‑risk e‑cigarette use among adolescents. The results under‑
score the necessity for more stringent regulation of e‑cigarette marketing and comprehensive, targeted prevention strategies focusing on urban and 
higher‑income youth populations. Int J Occup Med Environ Health. 2025;38(2):190–206
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trations and more efficient delivery systems [9]. Regula‑
tory frameworks have struggled to keep pace with these 
rapid  changes [10].
The increasing prevalence of e‑cigarettes has prompted ex‑
tensive research into their addictive potential [11]. While 
nicotine remains the primary driver of dependence, be‑
havioral and sensory aspects also contribute to addic‑
tion [12]. Modern e‑cigarette devices, particularly those 
utilizing nicotine salts, can deliver nicotine with efficien‑
cy comparable to conventional cigarettes [13]. Electronic 
cigarettes users exhibit classic signs of dependence, such 
as cravings and withdrawal symptoms [14].
Adolescents are particularly susceptible to e‑cigarette de‑
pendence, developing symptoms even with infrequent use 
and at lower nicotine exposure levels [15]. Longitudinal 
studies reveal rapid symptom development, often with‑
in months of initiation use [16]. However, the long‑term 
course of e‑cigarette dependence remains an active area 
of investigation [17].
The use of e‑cigarettes for delivering psychoactive sub‑
stances beyond nicotine has emerged as a significant pub‑
lic health concern [18]. Cannabis and its derivatives, par‑
ticularly tetrahydrocannabinol (THC), are among the most 
commonly reported substances used in e‑cigarette devices. 
The popularity of cannabis vaping has risen substantial‑
ly among young people, raising concerns due to increased 
potency and misconceptions about reduced harm [19].
Synthetic cannabinoids in e‑cigarettes are particularly 
alarming due to their unpredictable and often severe ef‑
fects [20]. E‑cigarette devices are also being used to va‑
porize other substances such as methamphetamine, co‑
caine, and synthetic cathinones, posing significant risks 
of rapid onset of drug effects and increased addiction po‑
tential [21].
The discreet nature of e‑cigarettes complicates the detec‑
tion of illicit use, potentially facilitating consumption in 
public spaces or schools [22]. The combination of multi‑
ple substances in e‑cigarette liquids (e‑liquids) may lead to 

INTRODUCTION
Electronic cigarettes (e‑cigarettes), introduced in the  mid‑2000s, 
have become a significant public health concern. These de‑
vices vaporize a liquid solution containing nicotine, pro‑
pylene glycol, vegetable glycerin, and flavorings [1]. Ini‑
tially marketed as smoking cessation aids, e‑cigarettes 
have gained substantial popularity among adolescents and 
young adults [1,2].
The prevalence of e‑cigarette use has increased dramat‑
ically the past few years. In the USA, current e‑cigarette 
use among high school students rose from 1.5% in 2011 
to 19.6% in 2020 [2,3]. Similar concerning trends have 
emerged across Europe [4]. The 2021/2022 Health Behavior 
in School‑aged Children (HBSC) study [5] further confirms 
this pattern, reporting that approx. 20% of 15‑year‑olds 
across Europe used e‑cigarettes within the past 30 days, 
while also demonstrating diminishing gender differences 
in substance use behaviors among adolescents.
In Poland, data from the 2016 Global Youth Tobacco Survey 
(GYTS) [6] indicate that 26.9% of students aged 11–17 years 
reported current e‑cigarette use,  exceeding the 20.5% who 
reported conventional cigarette use. The survey identified 
that 14% of students engaged in dual use of both products. 
These findings demonstrate a substantial shift in nicotine 
consumption patterns among Polish youth and indicate 
potential regression in tobacco control progress. The GYTS 
data further identify significant sociodemographic fac‑
tors influencing e‑cigarette use, including age, rural resi‑
dence, and peer or parental smoking habits. The evidence 
from these national and international studies demonstrates 
the necessity for targeted interventions and enhanced reg‑
ulatory measures to address the increasing prevalence of 
e‑cigarette use among youth [6].
This widespread adoption may be attributed to ag‑
gressive marketing strategies, perceived reduced harm 
compared to traditional cigarettes, and appealing fla‑
vors [7,8]. The e‑cigarette market has evolved substan‑
tially, with newer devices offering higher nicotine concen‑
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Data collection
This study employed a fully anonymous computer‑assist‑
ed web interview (CAWI) questionnaire survey, with no 
personal identifying information collected at any stage. 
The study was conducted after obtaining administrative 
approvals from school principals and written informed 
consent from both parents (for participants <18 years old) 
and students.
The CAWI technique allowed respondents to indepen‑
dently complete the online version of the questionnaire 
through an internet link that redirected to prepared ques‑
tions. The system ensured completion control – respon‑
dents could not proceed to the next question without an‑
swering the previous one, could not select more answers 
than indicated, or select mutually exclusive answers. This 
maintained control over the data collection process de‑
spite independent questionnaire completion by respon‑
dents. After answering all questions, the data was sent di‑
rectly to the database in coded form, eliminating the need 
for manual coding and reducing potential errors.
Data collection was conducted by a research team of 
3 members. All team members underwent standardized 
1‑day training program covering survey administration 
protocols, ethical considerations, and handling of sen‑
sitive information. To ensure consistency and reliabil‑
ity, each team member conducted pilot interviews un‑
der supervision before beginning actual data collection. 
Quality control measures included random spot checks 
of survey administration by the research coordinator and 
weekly team meetings to address any concerns or incon‑
sistencies in data collection. Data entry was performed by 
2 independent researchers with cross‑verification to en‑
sure accuracy. The instrument was pilot‑tested for clari‑
ty and comprehension on a sample of 150 students before 
full implementation. Data collection occurred in Septem‑
ber 2019 – January 2020.
The overall response rate was 92.4%. Missing data, 
which occurred in <2% of cases for any given variable, 

complex drug interactions and enhanced addictive poten‑
tial, necessitating further research to understand its prev‑
alence and health implications [23].
This study aims to explore the relationship between multi‑
channel marketing exposure and psychoactive substance 
use in e‑cigarettes among Polish adolescents and young 
adults. Specifically, the primary objective is to assess how 
exposure to various marketing channels, including shop 
advertisements, club promotions, internet marketing, and 
influencer marketing, influences the likelihood of add‑
ing psychoactive substances to e‑liquids. Additionally, 
the study examines the role of demographic and socio‑
economic factors in understanding patterns of psychoac‑
tive substance use within e‑cigarettes.

MATERIAL AND METHODS
Study design and participants
This cross‑sectional study employed a comprehen‑
sive survey to investigate e‑cigarette use and associat‑
ed behaviors among current e‑cigarette users (defined 
as any use within the past 30 days) aged ≥15 years en‑
rolled in secondary educational institutions. A multi‑
stage sampling method was utilized to recruit 8344 par‑
ticipants from 200 secondary schools distributed across 
all 16 voivodships (administrative regions) in Poland, en‑
suring comprehensive national representation. Schools 
were selected using stratified random sampling to en‑
sure representation of both urban and rural areas, as well 
as different types of secondary educational institutions 
(grammar schools, technical schools, and vocational 
schools). Among the total sample, 7747 participants re‑
ported using only standard e‑liquids, while 597 partici‑
pants reported adding psychoactive substances to their 
e‑liquids. The vast majority of participants used nico‑
tine‑containing e‑liquids, with only 149 participants in 
the non‑psychoactive substance user group and 7 partici‑
pants in the psychoactive substance user group using ex‑
clusively nicotine‑free e‑liquids.
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Marketing and promotion  
exposure assessment
For the purposes of this study, clear operational definitions 
of marketing exposure, promotion exposure, and influenc‑
er marketing were established to ensure precise measure‑
ment and analysis.
Marketing exposure was defined as passive exposure to 
e‑cigarette advertising content, including:

 – visual displays in shops such as product displays and 
posters,

 – advertisement presence in clubs and social venues,
 – online advertisements including banners and pop‑ups,
 – influencer content featuring e‑cigarettes without direct 

promotional calls to action.
This type of exposure was characterized by its non‑inter‑
active nature and broad reach.
Promotion exposure, in contrast, was defined as active en‑
gagement with marketing activities designed to directly 
influence purchasing behavior. This included:

 – in‑store promotional activities such as sampling events 
and direct product demonstrations,

 – club promotional events including sponsored parties 
and product giveaways,

 – interactive online promotions such as contests and pro‑
motional codes,

 – direct promotional content from influencers including 
discount codes and affiliate links.

These activities were characterized by their interactive na‑
ture and direct call to action for potential consumers.
Influencer marketing was defined as the strategic use of so‑
cial media personalities and content creators to promote 
e‑cigarette products and associated lifestyle. This included:

 – sponsored content featuring e‑cigarettes,
 – endorsements by social media influencers,
 – narrative‑driven product placements in digital content,
 – collaborative marketing efforts where influencers share 

personal experiences or recommendations related to 
e‑cigarette use.

were  excluded from the analysis using listwise deletion. 
The final sample composition closely matched the de‑
mographic distribution of Polish secondary school stu‑
dents based on data from the Central Statistical Office 
of Poland [24].

Survey instrument
The survey instrument assessed key domains: e‑cigarette 
use patterns, exposure to e‑cigarette marketing (shop, in‑
ternet, club/social venue, and influencer marketing), utili‑
zation of psychoactive substances in e‑liquids, and demo‑
graphic information. The questionnaire examined the use 
of various psychoactive substances, including THC, co‑
caine, heroin, methamphetamine, mephedrone,  fentanyl, 
amphetamine, codeine, LSD, and benzodiazepines.

Variables and measurements
Demographic data collected included gender, age group 
(15–17 years and ≥18 years), school type, place of resi‑
dence, monthly income, and parental education levels. 
The age groups were chosen to distinguish between mid‑
adolescence (15–17 years) and late adolescence/early adult‑
hood (≥18 years). School types were categorized within 
the Polish educational system as grammar schools, tech‑
nical schools, and vocational schools. Place of residence 
was self‑reported by participants and categorized into 
3 groups: rural areas, cities <500 000 inhabitants, and cities 
≥500 000 inhabitants. It should be noted that this reflects 
participants’ permanent residence location, which may 
differ from their school location, particularly for students 
who commute from rural areas to urban schools. Month‑
ly income was self‑reported and categorized into 2 groups 
(≤EUR 35 and >EUR 35) based on participants’ disposable 
income. Parental education was classified into 3 levels (pri‑
mary, secondary, and college) based on the highest com‑
pleted education level reported by participants.
Current e‑cigarette use was defined as any use of e‑ciga‑
rettes in the past 30 days.
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A p‑value of <0.05 was considered statistically significant 
for all analyses.

RESULTS
Prevalence and demographic patterns  
of psychoactive substance use in e-liquids
This study examined the prevalence and demographic pat‑
terns (Table 1) of psychoactive substance use in e‑liquids 
among 8344 Polish teenagers who were current e‑ciga‑
rette users (reported use within past 30 days). Among 
these current users, 597 (7.15%) reported adding psy‑
choactive substances to their e‑liquids. Among those 
who reported using psychoactive substances (N = 597), 
THC was the most commonly reported substance, used 
by 91.96% of users (N = 549), followed by methamphet‑
amine (26.97%, N = 161), mephedrone (25.80%, N = 154), 
cocaine (23.95%, N = 143), heroin (21.44%, N = 128), and 
fentanyl (19.60%, N = 117). Other substances, including 
amphetamine, codeine, LSD, and benzodiazepines, were 
reported by 5.70% of users (N = 34).
Significant gender differences were observed (p < 0.0001), 
with males consistently demonstrating higher rates of sub‑
stance use. School type was significantly associated with 
substance use patterns (p < 0.0001). Parental education 
levels showed significant associations with substance 
use (p < 0.0001). Geographical location significantly in‑
fluenced substance use patterns (p < 0.0001). Large cities 
(>500 000 inhabitants) exhibited disproportionately high 
rates of substance use compared to those in rural areas. 
Income levels were also significantly associated with sub‑
stance use (p < 0.0001), with higher‑income participants 
showing substantially higher rates of substance use.
These findings reveal significant demographic disparities in 
psychoactive substance use in e‑liquids among Polish ad‑
olescents, particularly regarding parental education, geo‑
graphical location, and income levels. The results emphasize 
the need for targeted prevention strategies and further re‑
search into the underlying factors driving these disparities.

This type of exposure was characterized by its perceived 
authenticity and potential to create emotional connec‑
tions with the target audience through trusted digital per‑
sonalities.

Statistical analysis
Statistical analyses were conducted using STATISTICA 
software (v. 13.1, StatSoft Inc., Tulsa, OK, USA). The rep‑
resentativeness of the sample was assessed by comparing 
the demographic distribution with national statistics for 
Polish secondary school students. Statistical analyses were 
conducted both on unweighted data and with post‑strati‑
fication weights to adjust for minor deviations from pop‑
ulation parameters, with no substantial differences found 
between the approaches. Descriptive statistics were calcu‑
lated for all variables.
To examine multi‑channel marketing exposure patterns, 
participants were categorized based on their exposure 
to different combinations of marketing channels (sin‑
gle channel, dual channel, or triple channel exposure). 
Chi‑square tests were used to assess the distribution of 
exposure patterns between standard e‑cigarette users and 
those reporting psychoactive substance use. Post hoc anal‑
yses using adjusted standardized residuals were performed 
to identify specific patterns contributing to significant 
χ2 results. Residual values exceeding ±1.96 were consid‑
ered to indicate significant deviations from expected fre‑
quencies at p < 0.05, values exceeding ±2.58 at p < 0.01, 
and values exceeding ±3.29 at p < 0.001.
Logistic regression models were employed to investigate 
the association between e‑cigarette marketing exposure 
and psychoactive substance use in e‑liquids. Odds ra‑
tios (ORs) with 95% confidence intervals (CIs) were calcu‑
lated for all variables. Separate analyses were performed for 
various types of e‑cigarette marketing exposure (shop, club, 
internet, and influencer marketing), examining their asso‑
ciations with psychoactive substance use while controlling 
for demographic and socioeconomic factors.
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standard e‑cigarette users and those who reported psy‑
choactive substance use (χ² = 38.97, df = 6, p < 0.001). 
Post hoc analyses using adjusted standardized residuals 
revealed significant deviations from expected frequen‑
cies for triple‑channel exposure. A strong positive devi‑
ation was observed among psychoactive substance users 
(adjusted standardized residual = 5.44, p < 0.001), indi‑
cating a significant overrepresentation in this group. Con‑
versely, a negative deviation, approaching significance, 
was found among standard users (adjusted standardized 
residual = –1.77, p < 0.10), suggesting an underrepre‑
sentation trend. Deviations for single‑channel and du‑
al‑channel exposure patterns were minimal and non‑sig‑
nificant (p > 0.05), with adjusted standardized residuals 
of 0.54 and 0.34 for single‑channel, and –1.65 and –1.08 
for  dual‑channel exposure, respectively.
Among standard e‑cigarette users, 1402 (74.1%) reported 
single‑channel exposure, 300 (15.8%) reported dual‑chan‑
nel exposure, and 191 (10.1%) reported triple‑channel ex‑

Multi-channel marketing exposure  
and psychoactive substance use
Analysis of the interaction and overlap between passive 
marketing exposure, active promotion exposure, and in‑
fluencer marketing revealed complex patterns of exposure 
among e‑cigarette users. Although defined as distinct cate‑
gories, these channels demonstrated substantial intercon‑
nection in their reach and impact.
Examination of multi‑channel exposure patterns reve aled that 
among the total sample of 8344 participants, 2093 (25.1%) re‑
ported exposure to at least one marketing channel. Of these, 
1893 were standard e‑cigarette users (24.4% of 7747) 
and 200 were psychoactive substance  users (33.5% of 597), 
indicating higher overall marketing exposure among sub‑
stance users. The patterns of exposure to multiple marketing 
channels were analyzed using Venn diagrams and statistical 
comparisons between groups (Figure 1).
Chi‑square analysis revealed significant differences in 
the distribution of marketing exposure patterns between 

a)

Marketing
N = 1551

Promotions
N = 418

101

191

32167

Influencer
N = 606

b)

Marketing
N = 169

Promotions
N = 68

6

49

217

Influencer
N = 86

Numbers in overlapping areas indicate participants exposed to multiple channels simultaneously. Areas are not drawn to scale.

Figure 1. Comparison of marketing channel exposure patterns between a) standard e‑cigarette users (N = 7747), b) psychoactive substance users (N = 597) –  
a cross‑sectional study among teenagers aged ≥15 years in Poland, 2019–2020
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337 respondents (14.12% of those exposed to marketing), 
including 279 standard e‑cigarette users and 58 who re‑
ported psychoactive substance use, representing the high‑
est proportion of substance users among all marketing 
channels. Other forms of marketing showed the lowest 
reach with 180 respondents (7.54% of those exposed to 
marketing), including 163 standard e‑cigarette users and 
17 who reported psychoactive substance use.
These findings indicate varying levels of association be‑
tween different marketing channels and psychoactive 
substance use in e‑cigarettes. While internet marketing 
reached the largest audience, club or social venue promo‑
tions demonstrated the strongest association with psycho‑
active substance use, followed by shop advertisements. 
Other forms of marketing showed both the lowest reach 
and relatively moderate levels of association with psycho‑
active substance use. This information is crucial for under‑
standing the impact of marketing strategies on high‑risk 
behaviors among adolescent e‑cigarette users.
To further examine these relationships, detailed statistical 
analyses of marketing exposure patterns and their associ‑
ations with psychoactive substance use across different de‑
mographic groups were conducted. Analysis of e‑cigarette 
marketing exposure and psychoactive substance use among 
Polish adolescents revealed several statistically significant 
relationships. Exposure to marketing in urban areas with 
populations ≥500 000 inhabitants was consistently associat‑
ed with higher rates of psychoactive substance use across all 
marketing channels. Adolescents in large cities (≥500 000 in‑
habitants) showed significantly higher odds of psychoac‑
tive substance use compared to rural areas across marketing 
channels: shop marketing (OR = 4.63, 95% CI: 2.19–9.75), 
club marketing (OR = 6.31, 95% CI: 2.53–15.71), and inter‑
net marketing (OR = 4.50, 95% CI: 2.34–8.68), with all asso‑
ciations statistically significant (p < 0.0001).
Socioeconomic factors played a significant role. Adoles‑
cents with higher personal disposable income (>35 EUR 
monthly) exposed to marketing demonstrated  higher 

posure. In contrast, among psychoactive substance users, 
126 (63.0%) reported single‑channel exposure, 25 (12.5%) 
reported dual‑channel exposure, and 49 (24.5%) reported 
triple‑channel exposure.
The proportions of dual‑channel exposure remained rela‑
tively consistent between groups, with slightly lower rates 
among psychoactive substance users for combinations of 
marketing with promotions (3.00% vs. 5.34%) and promo‑
tions with influencer marketing (1.00% vs. 1.69%). Mar‑
keting combined with influencer exposure showed similar 
proportions in both groups (8.50% vs. 8.82%).
Statistical analysis demonstrated distinct patterns of 
marketing exposure between the groups, with particu‑
lar emphasis on the substantially higher prevalence of 
triple‑channel exposure among psychoactive substance 
users. These patterns suggest potential cumulative ef‑
fects of marketing exposure on high‑risk e‑cigarette use 
behaviours.

Association between marketing exposure  
and psychoactive substance use
The analysis of e‑cigarette marketing exposure and its as‑
sociation with psychoactive substance use among Polish 
adolescents revealed distinct patterns across various mar‑
keting channels (Table 2). Four primary marketing expo‑
sure categories were examined: shop advertisements, club 
or social venue promotions, internet marketing, and oth‑
er forms of advertising.
Among the 8344 participants, 2386 (28.60%) reported ex‑
posure to e‑cigarette marketing. Among those exposed to 
marketing, exposure patterns varied by channel. Shop ad‑
vertisements reached 822 respondents (34.45% of those ex‑
posed to marketing), including 737 standard e‑cigarette us‑
ers and 85 who reported psychoactive substance use. Internet 
marketing demonstrated the highest reach with 1313 res‑ 
pondents (55.03% of those exposed to marketing), including 
1206 standard e‑cigarette users and 107 who reported psycho‑
active substance use. Club or social venue promotions reached 
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promotions reached 166 respondents (24.74% of those ex‑
posed to promotion), including 130 standard e‑cigarette 
users and 36 who reported psychoactive substance use, 
representing the highest proportion of substance users 
among all promotional channels. Other forms of promo‑
tion showed the lowest reach with 80 respondents (11.92% 
of those exposed to promotion), including 72 standard 
e‑cigarette users and 8 who reported psychoactive sub‑
stance use.
These findings indicate varying levels of association be‑
tween different promotional channels and psychoactive 
substance use in e‑cigarettes. While internet promotions 
reached the largest audience, club or social venue promo‑
tions demonstrated the strongest association with psycho‑
active substance use, followed by shop promotions.  Other 
forms of promotion showed both the lowest reach and rel‑
atively moderate levels of association with psychoactive 
substance use. This information provides valuable insights 
into the differential impact of promotional strategies on 
high‑risk behaviors among adolescent e‑cigarette users.
To further examine these relationships, detailed statistical 
analyses of promotion exposure patterns and their associa‑
tions with psychoactive substance use across different demo‑
graphic groups were conducted. The analysis revealed sever‑
al statistically significant relationships. Exposure to promo‑
tions in urban areas with populations ≥500 000 inhabitants 
was consistently associated with higher rates of psychoactive 
substance use. Adolescents in large cities were more likely to 
use psychoactive substances when exposed to club promo‑
tions (OR = 7.33, 95% CI: 2.37–22.70, p = 0.0002) and inter‑
net promotions (OR = 5.22, 95% CI: 2.06–13.22, p = 0.0002) 
compared to rural counterparts.
Socioeconomic factors played a significant role. Adoles‑
cents with higher personal disposable income (>35 EUR 
monthly) exposed to promotions demonstrated higher 
rates of psychoactive substance use, particularly evident 
in internet promotions (OR = 2.73, 95% CI: 1.31–5.67, 
p = 0.0056).

odds of psychoactive substance use, particularly evident in 
shop marketing (OR = 2.43, 95% CI: 1.5–3.92, p = 0.0002) 
and internet marketing (OR = 1.81, 95% CI: 1.21–2.71, 
p = 0.0038).
Parental secondary education showed a protective ef‑
fect compared to primary education. This was observed 
across shop marketing (OR = 0.38, 95% CI: 0.20–0.71, 
p = 0.0021), club marketing (OR = 0.39, 95% CI: 0.15–0.99, 
p = 0.0425), and internet marketing (OR = 0.35, 95% CI: 
0.20–0.64, p = 0.0004) for maternal education, with sim‑
ilar trends for paternal education.
Gender and age group did not demonstrate statistically 
significant associations with psychoactive substance use 
in relation to marketing exposure across most channels.
These findings underscore the complex interplay between 
sociodemographic factors, marketing exposure, and psy‑
choactive substance use in e‑cigarettes among Polish ado‑
lescents, highlighting urban environments, higher income 
levels, and parental education as key moderating factors.

Association between promotion and psychoactive substance use
The analysis of e‑cigarette promotion exposure and its as‑
sociation with psychoactive substance use among Polish 
adolescents revealed distinct patterns across various pro‑
motional channels (Table 3). The study examined 4 pri‑
mary promotional exposure categories: shop promotions, 
club or social venue promotions, internet promotions, and 
other promotional activities.
Among the 8344 participants, 671 (8.04%) reported ex‑
posure to e‑cigarette promotion. Among those exposed 
to promotion, exposure patterns varied by channel. Shop 
promotions reached 168 respondents (25.04% of those ex‑
posed to promotion), including 142 standard e‑cigarette 
users and 26 who reported psychoactive substance use. 
Internet promotions demonstrated the highest reach with 
367 respondents (54.69% of those exposed to promotion), 
including 327 standard e‑cigarette users and 40 who re‑
ported psychoactive substance use. Club or social venue 
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promotions reached 150 respondents (17.22% of those ex‑
posed to influencer marketing), including 118 standard 
e‑cigarette users and 32 who reported psychoactive sub‑
stance use, representing the highest proportion of sub‑
stance users among all influencer marketing channels. 
Other forms of influencer marketing showed the lowest 
reach with 88 respondents (10.10% of those exposed to 
influencer mar keting), including 76 standard e‑cigarette 
users and 12 who reported psychoactive substance use.
These findings indicate varying levels of association be‑
tween different influencer marketing channels and psy‑
choactive substance use in e‑cigarettes. While internet‑
based strategies reached the largest audience, club or social 
venue promotions demonstrated the strongest association 
with psychoactive substance use, followed by shop‑based 
activities. Other forms of influencer marketing showed 
both the lowest reach and relatively moderate levels of as‑
sociation with psychoactive substance use.
To further examine these relationships, detailed statistical 
analyses of influencer marketing exposure patterns and their 
associations with psychoactive substance use across differ‑
ent demographic groups were conducted. The analysis re‑
vealed several statistically significant relationships. Expo‑
sure to influencer marketing in urban areas with populations 
≥500 000 inhabitants was consistently associated with high‑
er rates of psychoactive substance use across multiple chan‑
nels. Adolescents in large cities (≥500 000 inhabitants) were 
more likely to use psychoactive substances when exposed 
to shop‑based activities (OR = 4.37, 95% CI: 1.23–15.48, 
p = 0.0166), club promotions (OR = 4.65, 95% CI: 1.52–14.20, 
p = 0.0050), and internet marketing (OR = 3.94, 95% CI: 
1.67–9.30, p = 0.0009) compared to rural counterparts.
Socioeconomic factors played a significant role across all 
channels. Adolescents with higher personal disposable 
income (>35 EUR monthly) exposed to influencer mar‑
keting demonstrated higher rates of psychoactive sub‑
stance use, particularly evident in shop‑based activities 
(OR = 4.01, 95% CI: 1.42–11.37, p = 0.0061), club pro‑

Parental education showed varying effects. Maternal sec‑
ondary education demonstrated a protective effect com‑
pared to primary education, particularly evident in shop 
promotions (OR = 0.09, 95% CI: 0.02–0.38, p = 0.0002) 
and internet promotions (OR = 0.23, 95% CI: 0.09–0.62, 
p = 0.0018). However, paternal college education was as‑
sociated with increased substance use in club promotions 
(OR = 3.75, 95% CI: 1.16–12.09, p = 0.0210).
Gender and age group did not demonstrate statistically 
significant associations with psychoactive substance use 
in relation to promotion exposure across most channels.
These findings underscore the complex interplay between 
sociodemographic factors, promotion exposure, and psy‑
choactive substance use in e‑cigarettes among Polish ado‑
lescents, highlighting the particular significance of urban 
environments, higher income levels, and varying effects of 
parental education as key moderating factors.

Association between influencer marketing  
and psychoactive substance use
The examination of e‑cigarette influencer marketing expo‑
sure and its association with psychoactive substance use 
among Polish adolescents revealed distinct patterns across 
various channels (Table 4). Four primary influencer mar‑
keting channels were investigated: shop‑based activities, 
club or social venue promotions, internet marketing, and 
other influencer‑driven promotions.
Among the 8344 participants, 871 (10.44%) reported ex‑
posure to e‑cigarette influencer marketing. Among those 
exposed to influencer marketing, exposure patterns var‑
ied by channel. Shop‑based activities reached 161 respon‑
dents (18.48% of those exposed to influencer marketing), 
including 134 standard e‑cigarette users and 27 who re‑
ported psychoactive substance use. Internet‑based strat‑
egies demonstrated the highest reach with 601 respon‑
dents (69.00% of those exposed to influencer marketing), 
including 543 standard e‑cigarette users and 58 who re‑
ported psychoactive substance use. Club or social venue 
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parental education emerged as complex, with maternal sec‑
ondary education associated with lower odds of substance 
use (OR = 0.23–0.38, p < 0.01) compared to primary edu‑
cation. Among various marketing channels, club or social 
venue promotions demonstrated the strongest association 
with psychoactive substance use. These findings elucidate 
the complex interactions between marketing exposure, de‑
mographic factors, and high‑risk behaviors among adoles‑
cent e‑cigarette users, contributing new insights to the ex‑
isting literature on this critical public health issue.
The socioeconomic gradient observed in this study, where‑
in higher‑income adolescents exhibited an increased like‑
lihood of substance use when exposed to e‑cigarette mar‑
keting, challenges some previous findings. While Hart‑
well et al. [25] associated lower socioeconomic status with 
higher e‑cigarette use, this study’s results suggest a more 
nuanced relationship when considering marketing expo‑
sure and psychoactive substance use. This aligns with Lev‑
enthal et al. [26], who identified socioeconomic status as 
a significant predictor of e‑cigarette use initiation.
The authors’ findings on parental education further elu‑
cidate this complexity. Anyanwu et al. [27] reported that 
higher parental education was associated with increased 
e‑cigarette use among U.S. adolescents, partially corrob‑
orating this study’s results showing higher odds of sub‑
stance use among those with college‑educated fathers ex‑
posed to certain marketing channels. However, a protec‑
tive effect of maternal secondary education was observed, 
contrasting with Perikleous et al. [28], who found higher 
maternal education associated with increased e‑cigarette 
use among Cypriot adolescents. This suggests that the role 
of parental education in moderating e‑cigarette marketing 
effects may be more intricate than previously conceived, 
warranting further investigation.
Additionally,this study’s study revealed varying impacts 
of different e‑cigarette marketing channels on psychoac‑
tive substance use. Among club or social venue promo‑
tional channels, the highest likelihood of psychoactive 

motions (OR = 2.83, 95% CI: 1.10–7.24, p = 0.0265), 
and internet marketing (OR = 2.49, 95% CI: 1.41–4.40, 
p = 0.0013).
Parental education showed varying effects. Maternal sec‑
ondary education demonstrated a protective effect com‑
pared to primary education, particularly evident in shop‑
based activities (OR = 0.03, 95% CI: 0.00–0.22, p < 0.0001) 
and internet marketing (OR = 0.27, 95% CI: 0.11–0.68, 
p = 0.0032) for maternal education, with similar trends 
for paternal education. However, paternal college educa‑
tion was associated with higher substance use in Internet 
marketing (OR = 2.25, 95% CI: 0.99–5.08, p = 0.0470).
Gender and age group did not demonstrate statistically 
significant associations with psychoactive substance use 
in relation to influencer marketing exposure across most 
channels.
These findings underscore the complex interplay between 
sociodemographic factors, influencer marketing exposure, 
and psychoactive substance use among Polish adolescents, 
highlighting urban environments, higher income levels, 
and varying effects of parental education as key moder‑
ating factors.

DISCUSSION
This study demonstrates significant associations between 
multi‑channel e‑cigarette marketing exposure and psy‑
choactive substance use among Polish adolescents. Analy‑
sis revealed distinct patterns of exposure across differ‑
ent marketing channels, with substantial variations based 
on urban environments, socioeconomic factors, and pa‑
rental education. The observed urban‑rural disparity 
was particularly pronounced, with adolescents in large 
cities showing substantially higher odds of psychoac‑
tive substance use when exposed to e‑cigarette market‑
ing (OR = 3.94–7.33, p < 0.001). Socioeconomic analy‑
sis revealed that higher‑income adolescents demonstrat‑
ed increased likelihood of substance use when exposed 
to marketing (OR = 1.81–4.01, p < 0.01). The influence of 
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and high response rate (92.4%). The examination of var‑
ious psychoactive substances, rather than focusing sole‑
ly on cannabis or nicotine, offers a broader perspective 
on high‑risk e‑cigarette use behaviors. However, certain 
limitations should be considered when interpreting these 
results. The cross‑sectional design precludes establishing 
causal relationships between marketing exposure and psy‑
choactive substance use. Self‑reported data may be subject 
to recall bias and social desirability bias, particularly re‑
garding substance use behaviors. Additionally, while this 
study’s operational definitions of marketing and promo‑
tion exposure were carefully constructed, the complex and 
often overlapping nature of these exposures in real‑world 
settings may have led to some misclassification. These lim‑
itations highlight several important directions for future 
research.

CONCLUSIONS
This study identifies demographic and environmental fac‑
tors associated with illegal e‑liquid modifications among 
Polish adolescents. While marketing exposure correlates 
with psychoactive substance use in e‑cigarettes, this rela‑
tionship likely reflects broader patterns of risk‑taking be‑
haviors rather than direct causation. The findings high‑
light particular vulnerability patterns, with pronounced ef‑
fects in urban areas and through digital platforms, higher 
susceptibility among higher‑income youth, and protective 
influence of maternal secondary education.
Future research should prioritize longitudinal studies to 
evaluate long‑term health implications of e‑cigarette mod‑
ifications and understand the complex pathways leading 
to these behaviors. Investigating the efficacy of prevention 
strategies, elucidating underlying decision‑making mech‑
anisms, and evaluating the effectiveness of targeted inter‑
ventions would yield valuable insights for future preven‑
tion efforts. Ongoing surveillance and adaptive policy re‑
sponses are essential to address this evolving public health 
challenge effectively.

substance use was observed for adolescents in large cit‑
ies compared to rural areas. These findings extend the re‑
search of Mantey et al. [29] regarding differential effects 
of e‑cigarette marketing across various media channels. 
The authors’ findings on influencer marketing corrobo‑
rate those of Vogel et al. [30], who demonstrated that ex‑
posure to e‑cigarette content on social media, particular‑
ly from influencers, was associated with increased e‑ciga‑
rette use among adolescents.
The authors’ findings underscore the complex interplay 
between e‑cigarette marketing, sociodemographic factors, 
and high‑risk behaviors among adolescents, highlighting 
the need for nuanced, context‑specific approaches to e‑cig‑
arette regulation and prevention strategies, particularly in 
urban areas and among higher‑income youth.
This study has significant implications for public health strat‑
egies and policy development. The strong association be‑
tween marketing exposure and psychoactive substance ad‑
dition of e‑liquids necessitates more stringent regulations on 
e‑cigarette advertising, especially in urban areas and through 
digital platforms. Comprehensive bans on e‑cigarette mar‑
keting across all channels should be considered, with empha‑
sis on social media and influencer marketing that dispropor‑
tionately target youth. Prevention efforts should be tailored 
to reach higher‑income youth, challenging conventional fo‑
cus on lower socioeconomic groups. The protective effect of 
maternal secondary education suggests potential benefits 
of targeted educational interventions for parents.
Enhanced surveillance and monitoring systems are needed 
to track evolving trends of e‑liquid modifications among 
adolescents. A multifaceted approach involving education, 
regulation, and community engagement is essential to ad‑
dress the complex issue of high‑risk e‑cigarette use among 
adolescents effectively.
Several strengths and limitations of this study warrant dis‑
cussion. The study’s strengths include its large, nationally 
representative sample across all Polish voivodships, com‑
prehensive assessment of multiple marketing channels 
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