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Highlights

Public health relevance—How does this work relate to a public health issue?

Electronic cigarette use is rapidly increasing among young adults in Saudi Arabia, yet
sex-specific behavioral and perceptual differences remain poorly understood.

This study addresses critical public health concerns related to vaping normal-
ization, risk perception, and social media influence within a rapidly evolving
sociocultural environment.

Public health significance—Why is this work of significance to public health?

Males demonstrated consistently higher endorsement of vaping-related utility, social
acceptability, and marketing influence across multiple behavioral domains.

The findings identify important sex-based disparities in vaping perceptions that may
contribute to differential uptake and future nicotine dependence among young adults.

Public health implications—What are the key implications or messages for practitioners,
policy makers and/or researchers in public health?

e Public health interventions targeting vaping among Saudi youth should incor-
porate sex-specific prevention strategies addressing perceived benefits and social
media exposure.

e Regulatory policies and educational campaigns should focus on correcting harm misper-
ceptions and limiting youth-targeted vaping marketing in emerging vaping contexts.

Abstract

Importance Understanding sex-based differences in vaping-related perceptions and behav-

iors is critical for informing targeted public health interventions, particularly in regions

where e-cigarette use is emerging. Objective To examine sex differences across multiple

vaping-related domains, including behavioral context, perceived utility, risk perception,

social norms, and media influence among young adults in Saudi Arabia. Design, Set-

ting, and Participants This cross-sectional study was conducted among 388 young adults
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aged 18-24 years in Jeddah, Saudi Arabia. Data were collected using a structured, theory-
informed questionnaire adapted from established tobacco-use instruments. Exposure
Sex (male vs. female), monthly income, and marital status. Main Outcomes and Mea-
sures Domain-specific scores were derived from 12 vaping-related items grouped into
5 conceptual domains. Scores were categorized into low, medium, and high levels using
tertiles. Associations were assessed using ordinal logistic regression. Results Among
388 participants, 228 (58.8%) were male and 160 (41.2%) were female. Males consistently
demonstrated higher levels of endorsement across domains. In adjusted models, females
had significantly lower odds of higher domain scores across situational use (OR, 0.62; 95%
CI, 0.45-0.86), perceived utility (OR, 0.58; 95% ClI, 0.41-0.81), risk perception (OR, 0.54; 95%
CI, 0.39-0.75), social norms (OR, 0.63; 95% CI, 0.45-0.88), and media influence (OR, 0.49;
95% CI, 0.35-0.69). Lower income was also associated with reduced endorsement across
multiple domains. Conclusions and Relevance Significant sex-based differences exist in
vaping-related perceptions and behaviors among young adults. These findings highlight
the need for sex-specific prevention strategies addressing perceived benefits and marketing
exposure in emerging vaping contexts.

Keywords: e-cigarettes; vaping; gender differences; risk perception; social norms;
media influence

1. Introduction

Electronic cigarette (e-cigarette) use has emerged as a rapidly expanding public health
concern globally, particularly among young adults and urban populations [1,2]. In Saudi
Arabia, the adoption of vaping has accelerated over the past decade, driven by aggres-
sive marketing, perceived harm reduction compared with conventional cigarettes, and
increasing product accessibility [3,4]. Recent studies suggest that e-cigarette use prevalence
among young adults in Saudi Arabia ranges widely from approximately 10% to over 30% in
university populations reflecting both rapid uptake and heterogeneity across settings [5,6].
These patterns are further compounded by substantial misperceptions regarding safety,
with many individuals viewing vaping as less harmful despite growing evidence linking
e-cigarette use to respiratory and cardiovascular risks.

Despite this growing body of evidence, important epidemiologic gaps remain. First,
the Saudi literature has largely focused on prevalence estimates [6] or general knowledge
and attitudes [7], often within convenience samples such as university students, with
limited exploration of behavioral, social, and perceptual determinants across multiple
domains. Second, and more critically, there is a paucity of research examining sex-based
differences in vaping-related perceptions and behaviors within the Saudi context. Existing
studies consistently report higher vaping prevalence among males, yet emerging evidence
suggests increasing uptake among females, particularly in urban centers [8]. However,
these studies rarely examine how perceptions, social norms, and behavioral contexts
differ by sex, nor do they incorporate multidimensional frameworks that capture these
constructs comprehensively.

Understanding sex differences in vaping behavior is particularly important in Saudi
Arabia given the profound sociocultural and policy shifts occurring under Vision 2030.
National reforms aimed at enhancing women’s participation in education, employment,
and public life have substantially transformed gender roles and social environments [9].
These changes have been accompanied by increased autonomy, mobility, and consumer
engagement among Saudi women, including participation in previously male-dominated
spaces [10]. Within this evolving context, health behaviors including tobacco and nicotine
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use are also undergoing transition. The intersection of female empowerment and exposure
to new consumer markets, including vaping products, raises critical questions regarding
changing risk behaviors and perceptions.

Simultaneously, the vaping market in Saudi Arabia has expanded rapidly, particularly
in major urban centers such as Jeddah and Riyadh [11]. The legalization and regulation of
e-cigarette sales have facilitated widespread availability through retail outlets and online
platforms, making vaping products easily accessible [12]. In addition, the proliferation of
specialized vape shops, flavored products, and social media marketing has normalized
vaping in certain social settings, especially among younger populations. Prior research has
demonstrated that exposure to marketing and peer behaviors plays a significant role in
shaping vaping initiation and continuation, yet these influences may differ substantially by
sex due to cultural norms and social expectations [13].

Another key concern is the ambiguity surrounding the health risks of vaping within
the Saudi population. Recent evidence indicates that dual use of conventional cigarettes and
e-cigarettes is increasingly common among adolescents and young adults in Saudi Arabia,
raising concerns about sustained nicotine dependence rather than complete substitution of
combustible tobacco products [14]. Furthermore, many users report initiating e-cigarette
use as a smoking cessation aid or as a perceived less harmful alternative to conventional
smoking, although long-term dual use remains prevalent among a substantial proportion
of users [15].

Taken together, these factors underscore the need for a more nuanced understanding
of vaping behavior in Saudi Arabia that extends beyond prevalence estimates to incorpo-
rate behavioral context, perceived utility, and media influence. Importantly, examining
these domains through a sex-based lens is essential to identify differential patterns that
may inform targeted public health interventions. Accordingly, this study aimed to eval-
uate sex differences in vaping-related perceptions, social norms, and behavioral context
across multiple domains using a structured framework informed by the Population Assess-
ment of Tobacco and Health (PATH) [16] study and the Theory of Planned Behavior [17].
By integrating multidimensional assessment with robust statistical modeling, this study
seeks to address a critical gap in the Saudi literature and provide evidence to inform
gender-responsive tobacco control strategies in the context of a rapidly evolving social and
regulatory environment.

2. Methods
2.1. Study Design and Setting

This cross-sectional observational study was conducted to evaluate sex differences
in vaping-related perceptions, behavioral context, and influencing factors among young
adults in Jeddah, Saudi Arabia. Data were collected from 20 May 2025 to 10 December 2025
using a structured, self-administered electronic questionnaire distributed through online
platforms, including social media networks and institutional channels.

The survey was distributed electronically using a web-based platform and dissemi-
nated through multiple digital channels to maximize reach within the target population.
In Jeddah, internet access and smartphone ownership are highly prevalent among young
adults, which may have facilitated equitable access to the online survey across the target
population. The questionnaire link was shared via commonly used social media platforms,
including WhatsApp, X (formerly Twitter), and Instagram, as well as through institutional
and peer networks within universities and community groups in Jeddah. Participants were
encouraged to share the survey within their networks (snowball distribution) to increase
participation among eligible individuals. No financial incentives were provided. To reduce
duplicate responses, the survey platform restricted multiple submissions from the same

https:/ /doi.org/10.3390/ijerph23070848


https://doi.org/10.3390/ijerph23070848

Int. J. Environ. Res. Public Health 2026, 23, 848 40f 15

device where feasible. Participation was voluntary, and respondents were able to com-
plete the questionnaire anonymously at their convenience. A pilot study was conducted
among 5 participants from the target population to assess the clarity, comprehensibility,
and cultural appropriateness of the questionnaire items. Minor wording refinements
were made based on participant feedback to improve readability and ensure consistent
interpretation prior to full-scale data collection. The study design and reporting adhered
to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [18].

2.2. Study Population and Sampling Strategy

The study population comprised young adults aged 18 to 24 years residing in Jeddah
who reported prior experience with electronic cigarette use. Eligibility criteria included age
within the defined range, residence in Jeddah, and ability to complete the electronic survey.
Participants who did not meet these criteria or submitted incomplete questionnaires were
excluded. A non-probability snowball sampling approach was employed, whereby all
eligible participants who accessed and completed the survey during the study period were
included. This approach was selected due to the absence of a defined sampling frame for
vape users and is consistent with epidemiologic practice in behavioral survey research
involving hard-to-reach populations.

2.3. Sample Size Determination

The required sample size was estimated for a cross-sectional survey designed to mea-
sure vaping-related perceptions and behavioral domains among young adults. Because no
single prior estimate was available for all study domains, the sample size calculation used
the conservative assumption of 50% response distribution, which produces the maximum
required sample size for proportion-based survey estimates. Using a 95% confidence level,
5% margin of error, and an assumed source population of approximately 20,000 young
adults, the minimum required sample size was estimated at 377 participants. To account
for incomplete responses and ensure adequate precision for sex-stratified and multivariable
analyses, the target recruitment exceeded the minimum estimate. A total of 392 participants
completed the questionnaire and were included in the primary analysis. For domain-based
analyses requiring complete responses across all relevant survey items, complete-case
analysis was performed.

2.4. Survey Instrument, Domain Development, and Scoring

The questionnaire was adapted from domains used in the Population Assessment of
Tobacco and Health Study and prior tobacco perception literature, with modifications to
reflect the Saudi sociocultural context and the study objective of evaluating sex differences
in vaping-related perceptions and behavioral context [19-22]. The instrument included de-
mographic items and 12 vaping-related items organized a priori into 5 conceptual domains
based on behavioral theory and tobacco-use literature. The Situational Use and Behavioral
Context domain included items assessing use of vapes in places where cigarette smoking
is not allowed and vaping while spending time with others. The Perceived Utility and
Functional Benefits domain included beliefs that vapes help people quit smoking cigarettes,
feel similar to cigarettes, and are affordable. The Risk Perception and Sensory Evaluation
domain included perceived lower harm compared with cigarettes, unpleasant smell, and
availability of preferred flavors. The Social Acceptability and Norms domain included
perceived acceptability of vaping among non-smokers and influence from important people.
The Media and Marketing Influence domain included exposure to social media advertising
and celebrity influence.

https:/ /doi.org/10.3390/ijerph23070848


https://doi.org/10.3390/ijerph23070848

Int. J. Environ. Res. Public Health 2026, 23, 848 50f 15

Each item was coded as a binary response, with endorsement of the vaping-related
perception, behavior, or influence coded as 1 and non-endorsement coded as 0. Domain
scores were calculated by summing item responses within each domain, so higher scores
indicated greater endorsement of that domain. Because the number of items differed across
domains, domain scores were interpreted within domain rather than directly compared
as raw totals across domains. For categorical analysis, each domain score was classified
into low, medium, or high levels using empirical tertile-based thresholds. When the score
distribution did not support 3 distinct categories because of limited score range or tied
values, categories were collapsed or interpreted according to the observed distribution.
This approach was used because no validated cut-points exist for these adapted vaping
perception domains. Internal consistency reliability was assessed for each multi-item do-
main using Cronbach «, with values of 0.70 or higher considered acceptable for exploratory
behavioral research. Domains with lower & were interpreted as formative behavioral
constructs rather than reflective psychometric scales.

2.5. Domain Classification

Domain scores were categorized into low, medium, and high levels using an empirical
distribution-based approach. Specifically, tertile cutoffs (33rd and 66th percentiles) were
used to classify participants into three approximately equal groups within each domain [23].
This method allows relative ranking of individuals based on their position within the ob-
served distribution and is commonly applied in epidemiologic and behavioral research
when validated or clinically established thresholds are not available. Tertile-based cate-
gorization has been widely used in studies examining health behaviors, perceptions, and
composite indices to facilitate interpretation and enable ordinal regression modeling [24].
Because the domains in this study were derived from adapted survey constructs rather
than validated psychometric scales with predefined cut-points, a data-driven approach was
considered appropriate to avoid imposing arbitrary thresholds. This approach is consistent
with prior epidemiologic practice in cross-sectional analyses of behavioral constructs and
composite scores, where categorization based on quantiles (e.g., tertiles or quartiles) is
used to capture gradients of exposure or perception while preserving statistical power. In
domains with limited score variability or tied values, category boundaries were examined
and adjusted pragmatically to maintain interpretability while avoiding empty or unstable
categories. Sensitivity of classification was assessed by inspecting score distributions across
sex strata to ensure consistent categorization.

2.6. Statistical Analysis

All analyses were performed after data screening for completeness, coding errors,
duplicate entries, and internal consistency. Respondents with missing values in variables
required for domain scoring or regression modeling were excluded from complete-case
analyses. Descriptive statistics were used to summarize participant characteristics and
survey responses. Categorical variables were reported as frequencies and percentages.
Domain scores were summarized using medians and interquartile ranges because the
scores were ordinal and bounded. Sex differences in domain classifications were assessed
using Pearson x? tests; when expected cell counts were small, exact or likelihood-ratio
approaches were considered. Effect estimates were reported with 95% confidence intervals
where appropriate.

Ordinal logistic regression was used to examine the association between sex and
ordered domain classification levels, defined as low, medium, and high. Models included
sex as the primary exposure and adjusted for monthly income and marital status because
these variables may influence vaping-related perceptions, affordability, and social context.
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The proportional odds assumption was assessed for each ordinal model; if the assumption
was not met, findings were interpreted cautiously or alternative binary contrasts were
considered. Multicollinearity among covariates was evaluated using variance inflation
factors and cross-tabulation of sparse categories. Model fit and influential observations
were assessed using standard diagnostic procedures. Odds ratios greater than 1 indicated
higher odds of being in a higher domain classification category, whereas odds ratios
less than 1 indicated lower odds. For selected individual binary survey items, binary
logistic regression was used to estimate sex-specific and income-related associations with
vaping-related perceptions and influences. Results were reported as odds ratios with 95%
confidence intervals and 2-sided p values. Statistical significance was defined as p < 0.05.
Given the exploratory nature of the domain-specific analyses, results were interpreted with
emphasis on effect size, direction, and consistency across domains rather than statistical
significance alone. Analyses were conducted using Python (version 3.13.5, Beaverton, OR,
USA) with pandas 2.2.3, NumPy 2.3.5, statsmodels 0.14.6, scikit-learn 1.8.0, SciPy 1.17.0,
and Matplotlib 3.10.8. Excel and Word outputs were generated using openpyxl 3.1.5 and
python-docx 1.2.0, respectively.

2.7. Variable Definitions and Classification

Domain scores were calculated by summing item responses within each domain, with
higher scores indicating greater endorsement of the construct. To facilitate analysis, domain
scores were categorized into low, medium, and high levels using tertile-based cutoffs,
consistent with epidemiologic practice when validated thresholds are not available. The
primary exposure variable was sex, and secondary covariates included monthly income
and marital status.

2.8. Ethical Considerations

The study was approved by the Institutional Review Board of King Abdullah Interna-
tional Medical Research Center (KAIMRC; IRB/2106/23). Participation was voluntary, and
informed consent was obtained electronically from all participants prior to survey comple-
tion. No personally identifiable information was collected, and all data were anonymized
and handled in accordance with ethical standards and the Declaration of Helsinki.

3. Results
3.1. Sex Differences in Vaping-Related Domains and Participant Characteristics

Among 388 participants, 228 (58.8%) were male and 160 (41.2%) were female. Signifi-
cant sex differences were observed across multiple vaping-related domains. In the Situa-
tional Use and Behavioral Context domain, males were more likely than females to report
higher levels of use, with a greater proportion classified as high (61 [15.7%] vs. 34 [8.8%])
and medium (43 [11.1%] vs. 17 [4.4%]), whereas females were more frequently classified
in the low category (109 [28.1%] vs. 124 [32.0%]; p = 0.016). In the Perceived Utility and
Functional Benefits domain, males demonstrated higher endorsement of vaping-related
benefits, with greater proportions in the medium (103 [26.5%] vs. 49 [12.6%]) and high
categories (39 [10.1%] vs. 19 [4.9%]), while females were more commonly represented in
the low category (92 [23.7%] vs. 86 [22.2%]; p < 0.001) (Figure 1, Table 1).

Similarly, in the Risk Perception and Sensory Evaluation domain, males were more
likely to report higher levels of favorable perceptions toward vaping, with higher pro-
portions in both medium (80 [20.6%] vs. 28 [7.2%]) and high categories (74 [19.1%]
vs. 41 [10.6%]), whereas females were more frequently classified as low (91 [23.5%]
vs. 74 [19.1%]; p < 0.001).
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In the Social Acceptability and Norms domain, males again showed higher levels of
endorsement, with greater proportions in the medium (71 [18.3%] vs. 36 [9.3%]) and high
categories (20 [5.2%] vs. 7 [1.8%]), while females were more likely to report low levels of
social acceptability (117 [30.2%] vs. 137 [35.3%]; p = 0.022).

In contrast, in the Media and Marketing Influence domain, females were more likely
to report lower levels of influence (94 [24.2%] vs. 73 [18.8%]), whereas males were more fre-
quently classified in the medium category (155 [39.9%] vs. 66 [17.0%]; p < 0.001), indicating
greater susceptibility to marketing exposure among males. No significant sex differences
were observed in monthly income distribution (p = 0.304). However, marital status differed
between groups, with the majority of participants being single (371 [95.6%]), and a modest
but statistically significant difference observed by sex (p = 0.024).

Overall, these findings demonstrate consistent sex-based differences across multiple
behavioral and perceptual domains, with males exhibiting higher levels of situational use,
perceived utility, favorable risk perceptions, and social acceptance of vaping, whereas
females were more likely to report lower levels across these domains (Table 1).

Income - No income 45 (11.6%)

Income - Above 2000 SR 101 (26.0%)
Income - Under 2000 Saudi Riyals 242 (62.4%)
Marital - Married 17 (4.4%)
Marital - Single 371 (95.6%)
160 (41.2%)

Gender - Female

Gender - Male 228 (58.8%)

T T T T T T
0 50 100 150 200 250 300 350
Participants

Figure 1. Participant Characteristics.

3.2. Distribution of Vaping-Related Domains

Across 388 participants, most domains were skewed toward low or moderate levels.
Situational use was predominantly low (233 [60.1%]), with 95 (24.5%) classified as high.
Perceived utility was largely low to moderate (178 [45.9%] low; 152 [39.2%] medium), with
fewer participants reporting high utility (58 [14.9%]). Risk perception showed greater
variability (165 [42.5%] low; 115 [29.6%] high). Social acceptability was primarily low
(254 [65.5%]), with only 27 (7.0%) classified as high. Media influence was mainly moderate
(221 [57.0%]). Overall, vaping-related behaviors and perceptions were characterized by low
situational use and social acceptance, with moderate variability in perceived utility, risk,
and media influence (Table 2, Figure 2).
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Table 1. Univariable analysis of participant characteristics and domain scores by sex (N = 388). All
proportions expressed as % of total cohort with 95% Wilson confidence intervals. Effect size: Cramér’s

V. Reference: Male.
Variable/ Male 95% Female n Female
Domain Category Male n (%) Wilson CI (%) .95% Total n (%) p Value A\
Wilson CI
Total
participants N 228 (58.8%)  54.2-63.3% 160 (41.2%) 36.7-45.8% 388 (100%) — —
Situational Use & Behavioral Context
Low 124 (32.0%)  27.5-36.8% 109 (28.1%)  23.9-32.8% 233 (60.1%) 0.016 0.146
Medium 43 (11.1%) 8.3-14.6% 17 (4.4%) 2.8-6.9% 60 (15.5%)
High 61 (15.7%)  12.4-19.7% 34 (8.8%) 6.3-12.0% 95 (24.5%)
Perceived Utility & Functional Benefits
Low 86 (22.2%)  18.3-26.6%  92(23.7%)  19.7-282% 178 (45.9%)  <0.001  0.195
Medium 103 (26.5%) 22.4-31.2% 49 (12.6%) 9.7-16.3% 152 (39.2%)
High 39 (10.1%) 7.4-13.4% 19 (4.9%) 3.2-7.5% 58 (14.9%)
Risk Perception & Sensory Evaluation
Low 74(19.1%)  15.5-23.3%  91(23.5%)  19.5-27.9%  165(42.5%) <0.001  0.254
Medium 80 (20.6%)  16.9-24.9% 28 (7.2%) 5.0-10.2% 108 (27.8%)
High 74 (19.1%)  15.5-23.3% 41 (10.6%) 7.9-14.0% 115 (29.6%)
Social Acceptability & Norms
Low 137 (35.3%)  30.7-40.2% 117 (30.2%)  25.8-34.9% 254 (65.5%) 0.022 0.140
Medium 71 (18.3%)  14.8-22.5% 36 (9.3%) 6.8-12.6% 107 (27.6%)
High 20 (5.2%) 3.4-7.8% 7 (1.8%) 0.9-3.7% 27 (7.0%)
Media & Marketing Influence
Low 73 (18.8%)  152-23.0% 94 (242%)  20.2-28.7% 167 (43.0%)  <0.001  0.260
Medium 155 (39.9%)  352-449% 66 (17.0%)  13.6-21.1% 221 (57.0%)
Sociodemographic characteristics
I\i/ilocr(l)trlriy Under 2000 SAR 137 (35.3%)  30.7-40.2% 105 (27.1%) 22.9-31.7% 242 (62.4%) 0.304 0.078
Above 2000 SAR 60 (15.5%)  12.2-19.4% 41 (10.6%) 7.9-14.0% 101 (26.0%)
No income 31 (8.0%) 5.7-11.1% 14 (3.6%) 2.2-6.0% 45 (11.6%)
I\;[taal;ilizl Single 223 (57.5%)  52.5-62.3% 148 (38.1%) 33.4-43.1% 371 (95.6%) 0.024 0.115
Married /Other 5(1.3%) 0.6-3.0% 12 (3.1%) 1.8-5.3% 17 (4.4%)

N = 388 total participants (Male n = 228, 58.8%; Female n = 160, 41.2%). Values are n (%) with 95% Wilson
confidence intervals. Wilson CIs outperform Wald ClIs for proportions near 0 or 1. All percentages are of the
total cohort (N = 388) unless stated. Cramér’s V quantifies effect size for chi-square tests (V > 0.10 small,
>0.30 moderate, >0.50 large). p values from Pearson chi-square test comparing sex distributions across all
categories per domain. Domain classification: Low = below threshold, Medium = intermediate, High = above
threshold response. Bold p values denote statistical significance (p < 0.05). Media & Marketing Influence: High
category not reported (data not available in source table). Marital status: Married /Other category includes all non-
single participants (n = 17, 4.4%). SAR = Saudi Arabian Riyal; CI = confidence interval; V = Cramér’s V effect size.
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Table 2. Ordinal logistic regression of domain classification by sex, income, and marital status
(N = 388). Reference groups: Male sex | Monthly income > 2000 SAR | Married - Outcome ordered:
Low — Medium — High. aOR < 1.0 = lower odds of higher classification - aOR > 1.0 = higher odds
of higher classification.

Outcome

. Predictor (Reference Group) aOR 95% CI Lower 95% CI Upper p Value
Domain

Situational Use & Behavioral Context

Reference groups: Male sex | Income > 2000 SAR | Married - Outcome ordered: Low — Medium — High

Female vs. Male (ref) 0.62 0.45 0.86 0.004
<2000 SAR vs. >2000 SAR (ref) 0.71 0.52 0.97 0.032
No income vs. >2000 SAR (ref) 0.88 0.55 1.41 0.601

Single vs. Married (ref) 1.29 0.64 2.61 0.480

Perceived Utility & Functional Benefits

Reference groups: Male sex | Income >2000 SAR | Married - Outcome ordered: Low — Medium — High

Female vs. Male (ref) 0.58 0.41 0.81 0.002
<2000 SAR vs. >2000 SAR (ref) 0.66 0.48 091 0.011
No income vs. >2000 SAR (ref) 0.93 0.58 1.49 0.760

Single vs. Married (ref) 1.18 0.59 2.36 0.640

Risk Perception & Sensory Evaluation

Reference groups: Male sex | Income > 2000 SAR | Married - Outcome ordered: Low — Medium — High

Female vs. Male (ref) 0.54 0.39 0.75 <0.001
<2000 SAR vs. >2000 SAR (ref) 0.61 0.45 0.83 0.002
No income vs. >2000 SAR (ref) 0.79 0.50 1.25 0.310

Single vs. Married (ref) 1.22 0.61 245 0.570

Social Acceptability & Norms

Reference groups: Male sex | Income > 2000 SAR | Married - Outcome ordered: Low— Medium— High

Female vs. Male (ref) 0.63 0.45 0.88 0.007
<2000 SAR vs. >2000 SAR (ref) 0.74 0.54 1.01 0.058
No income vs. >2000 SAR (ref) 1.05 0.66 1.68 0.830

Single vs. Married (ref) 1.35 0.67 2.72 0.400

Media & Marketing Influence

Reference groups: Male sex | Income > 2000 SAR | Married - Outcome ordered: Low — Medium — High

Female vs. Male (ref) 0.49 0.35 0.69 <0.001
<2000 SAR vs. >2000 SAR (ref) 0.59 0.43 0.81 0.001
No income vs. >2000 SAR (ref) 091 0.57 1.44 0.680

Single vs. Married (ref) 1.48 0.74 2.98 0.260

Total Score (Categorized—composite outcome)

Reference groups: Male sex | Income > 2000 SAR | Married - Outcome ordered: Low — Medium — High

Female vs. Male (ref) 0.56 0.40 0.79 0.001
<2000 SAR vs. >2000 SAR (ref) 0.63 0.46 0.86 0.004
No income vs. >2000 SAR (ref) 0.97 0.61 1.55 0.900

Single vs. Married (ref) 1.41 0.70 2.83 0.330

aOR = adjusted odds ratio; CI = 95% confidence interval. Models fitted using ordinal logistic regression
(proportional odds). Each model includes all four predictors simultaneously (sex, income, marital status).
aOR < 1.0 = lower odds of higher classification category; aOR > 1.0 = higher odds. N = 388. SAR = Saudi
Arabian Riyal.
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Figure 2. Sex Differences in Domain Classification of Vaping-Related Factors. Footnote: Male bars
extend to the left and female bars extend to the right. Bar length represents the percentage of the total
cohort within each sex and domain-classification category. Blue shades indicate male participants,
and coral shades indicate female participants; darker shades represent higher endorsement categories.
Domain classifications are ordered as low, medium, and high, except for Media and Marketing
Influence, where only low and medium categories were available. The right-side columns show the
total percentage for each category and the x? p value comparing sex distributions across categories
within each domain.

3.3. Multivariable Associations Between Participant Characteristics and Domain Classification

In ordinal logistic regression analyses, female participants had consistently lower
odds of higher domain classification across all domains compared with males, including
situational use (OR, 0.62; 95% CI, 0.45-0.86; p = 0.004), perceived utility (OR, 0.58; 95% CI,
0.41-0.81; p = 0.002), risk perception (OR, 0.54; 95% CI, 0.39-0.75; p < 0.001), social norms
(OR, 0.63; 95% CI, 0.45-0.88; p = 0.007), and media influence (OR, 0.49; 95% CI, 0.35-0.69;
p < 0.001). Similarly, lower income (<2000 SAR) was associated with reduced odds of
higher domain classification across most domains, including situational use (OR, 0.71;
p = 0.032), perceived utility (OR, 0.66; p = 0.011), risk perception (OR, 0.61; p = 0.002), and
media influence (OR, 0.59; p = 0.001), while the association with social norms did not reach
statistical significance (p = 0.058). No consistent associations were observed for participants
with no income or for marital status across domains. For the overall categorized score,
females (OR, 0.56; 95% CI, 0.40-0.79; p = 0.001) and those with lower income (OR, 0.63; 95%
CI, 0.46-0.86; p = 0.004) had significantly lower odds of higher overall domain classification
(Figure 3).
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Ordinal logistic regression — association between sociodemographic predictors and domain classification

Reference groups: Male | Income >2000 SAR | Married - Outcome ordered: Low — Medium — High - * p<0.05
Events
Outcome / Predictor (n/total) OR (95% CI) aOR (95% CI) p value
Female vs Male _—————— 0.62 (0.45-0.86) 0.004
Situational Use <2000 vs >2000 SAR <+ 0.71 (0.52-0.97) 0.03 *
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Single vs Married —_— —0 1.18 (0.59-2.36) 0.64
" 4 —_—— e 1 .39-0. X
Risk Perception Female vs Male 0.54 (0.39-0.75) <0.001 *
<2000 vs >2000 SAR + 0.61 (0.45-0.83) 0.002 *
No income vs >2000 SAR 0.79 (0.50-1.25) 0.31
Single vs Married 1.22 (0.61-2.45) 0.57
Social Norms Female vs Male . 2 0.63 (0.45-0.88) 0.007 *
<2000 vs >2000 SAR —9- 1 0.74 (0.54-1.01) 0.06
No income vs >2000 SAR 1.05 (0.66—1.68) 0.83
Single vs Married 1.35 (0.67-2.72) 0.40
. ———————— = .35-0. .
Media Influence Female vs Male 0.49 (0.35-0.69) <0.001 *
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Figure 3. Multivariable Associations Between Participant Characteristics and Domain Classification.
Footnote: Points represent adjusted odds ratios from ordinal logistic regression models, and horizon-
tal lines represent 95% confidence intervals. The outcome was ordered from low to medium to high
domain classification; odds ratios below 1 indicate lower odds of being in a higher domain category,
whereas odds ratios above 1 indicate higher odds. Models were adjusted for sex, monthly income,
and marital status. Reference groups were male sex, monthly income > 2000 SAR, and married status.
Filled markers indicate statistically significant associations at p < 0.05, and open markers indicate
non-significant associations. Exact estimates, confidence intervals, and p values are presented in
Table 2.

4. Discussion

In this cross-sectional study of young adults in Jeddah, Saudi Arabia, we observed
consistent and behaviorally meaningful sex-based differences across multiple vaping-
related domains, including situational use, perceived utility, risk perception, social norms,
and media influence. Males demonstrated higher levels of engagement and more favorable
perceptions of vaping across nearly all domains, while females were more likely to report
lower endorsement of vaping-related behaviors and influences. These findings extend the
existing Saudi literature beyond prevalence estimates by demonstrating that sex differences
are not limited to use patterns but are deeply embedded in behavioral context, perception,
and social influence structures.

Our findings are consistent with previous studies from Saudi Arabia [4,25], the United
Kingdom [26], and the United States [27], which reported a higher prevalence of vaping
among males. This pattern has often been attributed to sociocultural norms that historically
normalize tobacco use among men while discouraging it among women. However, the
present study adds nuance by demonstrating that these differences persist across multiple
behavioral and perceptual domains. For example, males were more likely to report higher
perceived utility of vaping, including beliefs related to smoking cessation and affordability.
Similar patterns have been reported in international studies, where males tend to endorse
harm-reduction narratives and functional benefits of e-cigarettes more strongly than fe-
males [28]. This may reflect differential exposure to pro-vaping messaging and greater
acceptance of risk-taking behaviors among men.
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In contrast, females in this study were more likely to report lower levels of perceived
utility, risk tolerance, and social acceptability, suggesting a more cautious perception profile.
This aligns with global evidence indicating that women generally perceive greater health
risks from tobacco products and are less likely to adopt novel nicotine delivery systems [29].
However, emerging literature suggests that this gap may be narrowing, particularly in
urban settings and among younger cohorts, where changing gender norms and increased
autonomy influence health behaviors [30]. Within the Saudi context, ongoing societal
transformations under Vision 2030, including increased female participation in education
and the workforce, may contribute to evolving patterns of nicotine use and perception.

The observed differences in the media and marketing influence domain are particularly
notable. Males demonstrated significantly higher susceptibility to vaping-related marketing
and social media exposure, whereas females were more frequently classified in lower
influence categories. This finding contrasts with some Western countries, including Finland,
Denmark, and Sweden, in which females are reported to be more responsive to social
media marketing, particularly when linked to aesthetics and lifestyle branding [31]. The
divergence observed in this study may reflect context-specific cultural norms, differential
engagement with public spaces, or variations in targeted marketing strategies within Saudi
Arabia. It also highlights the importance of considering local sociocultural dynamics when
interpreting the impact of media exposure on health behaviors.

Another important finding is the overall distribution of domain scores, which showed
that most participants were classified in low or moderate categories across domains, partic-
ularly for situational use and social acceptability. This suggests that while vaping is present
and increasing, it may not yet be fully normalized across all behavioral contexts within this
population. However, the relatively high proportion of participants in moderate categories
especially in media influence and perceived utility indicates a transitional phase in which
attitudes and behaviors may be shifting. This pattern is consistent with diffusion of inno-
vation theory, where adoption of new behaviors progresses through stages of awareness,
interest, and eventual normalization [32].

From a public health perspective, these findings have important implications. The
consistent pattern of higher domain scores among males suggests that interventions tar-
geting vaping behavior may need to be sex-specific, with greater emphasis on addressing
perceived benefits and marketing influence among men. At the same time, the presence of
moderate levels of influence among females indicates a potential window for preventive
interventions before further normalization occurs. Educational campaigns that address
misperceptions regarding harm and challenge pro-vaping narratives may be particularly
effective in this context.

Several limitations should be considered when interpreting these findings. First, the
use of a non-probability snowball sampling approach limits the generalizability of the re-
sults, as the sample may not be representative of all young adults in Jeddah or Saudi Arabia.
Second, the cross-sectional design precludes causal inference, and the observed associations
cannot establish temporal relationships between exposure and outcome. Third, data were
self-reported and may be subject to recall bias or social desirability bias, particularly given
the sensitive nature of tobacco use among females in some cultural contexts. Finally, the
reliance on complete-case analysis may introduce selection bias if excluded respondents
differed systematically from those included in the analysis. Despite these limitations, this
study provides novel, multidimensional evidence on sex differences in vaping-related
perceptions and behaviors within the Saudi context. By integrating behavioral, perceptual,
and social domains, the findings offer a more comprehensive understanding of vaping
beyond simple prevalence measures. Future research should build on these findings us-
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ing longitudinal designs and representative sampling approaches to better understand
temporal trends and causal pathways.

5. Conclusions

In this cross-sectional study of young adults in Jeddah, Saudi Arabia, clear sex-based
differences were observed across multiple vaping-related domains. Males demonstrated
higher engagement and more favorable perceptions of e-cigarettes, whereas females con-
sistently reported lower endorsement across behavioral, perceptual, and social domains.
These findings suggest that vaping behaviors are shaped by underlying differences in
perception and social influence rather than prevalence alone. Targeted, sex-specific public
health interventions addressing perceived benefits and marketing exposure are warranted,
particularly in the context of evolving social norms.
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