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Abstract

Background Cigarette craving is a central driver of nicotine dependence and
relapse, yet limited research has examined craving using cognitive—behavioural
health frameworks. This study investigated the predictors of smoking craving
among Malaysian adults by integrating cognitive perceptions, cue exposure, and
socio-demographic factors.

Methods A cross-sectional online survey was conducted with 370 adult tobacco
smokers residing in Selangor. Measures included Health Belief Model (HBM) constructs,
smoking cue exposure, and socio-demographic variables. Hierarchical multiple
regression analysis was used to evaluate the incremental predictive effects of these
factors on smoking craving.

Results The final model accounted for 38.3% of the variance in craving (R* = 0.383).
Higher self-efficacy was associated with lower craving (3 = —0.301; p = 0.001). Perceived
barriers (3=0.330; p = 0.001), cues to action (3=0.302; p = 0.001), and cue exposure
(B=0.136; p = 0.001) were positively associated with craving. Income showed a
significant negative association (3 = —0.119; p = 0.05), indicating stronger cravings
among lower-income smokers.

Conclusion Smoking craving among Malaysian adults is shaped by cognitive
perceptions, environmental cue exposure, and economic factors. Strengthening
self-efficacy, reducing perceived barriers, and limiting exposure to smoking-related
cues may improve cessation outcomes. These findings provide practical direction
for targeted public health interventions aiming to reduce craving-driven smoking
behaviour.
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1 Introduction

It was estimated that in 2019, 5.3 million people aged 15 and above in Malaysia were
active smokers [1], with 36% of males smoking daily compared to only 0.8% of females.
The Global Adult Tobacco Survey (GATS) Malaysia 2023 report [2] found that although
the number of adult smokers in Malaysia has decreased from 22.8% in 2015 to 19.5%
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in 2023, only 9% intend to quit smoking within the next month, while another 50%
still have no definite plan to quit in the immediate future. Previous findings also show
that although 85.2% of smokers expressed a desire to quit smoking, 61% of those who
attempted to quit were unsuccessful [3]. These statistics highlight the persistent chal-
lenge of nicotine dependence and suggest that understanding the psychological and
environmental mechanisms underlying craving is crucial.

Craving is widely recognised as a central mechanism of addiction, driving the persis-
tent use of substances such as nicotine [4]. Craving can be defined as an urge, desire,
intention, or compulsion to use a substance, often triggered by cues or withdrawal
symptoms [5, 6] and is closely linked to relapse. Recent findings show that craving is fre-
quently examined in relation to cue exposure and psychological predictors [7]. Although
smokers may be aware of health risks, their perceptions of susceptibility, severity, or
control often influence how they experience cravings and respond to urges [8, 9].

Perception related to cessation plays a substantial role in shaping how smokers experi-
ence and interpret cravings. Individuals who perceive high barriers to quitting, such as
fear of withdrawal, stress, or anticipated social discomfort, tend to experience cravings
that are difficult to manage [10-15]. Conversely, individuals with higher self-efficacy
demonstrate a greater capacity to regulate their responses, even in cue-rich environ-
ments [16, 17]. Also, an individual’s perceived susceptibility and severity further shape
the extent to which they appraise their cravings as manageable or overwhelming [18, 19].
Such perceptual distortions, including the underestimation of health risks or selective
avoidance of health information, can reinforce addictive behaviour. Distorted or incon-
sistent health perceptions will further reinforce smoking behaviour due to the interplay
between psychological attitudes and smoking continuation [20]. In the Malaysian con-
text, this dynamic is amplified by social norms that lead many smokers to view smoking
as less harmful or addictive [21].

Environmental cues further intensify craving, as sensory and contextual stimuli, such
as the sight of cigarettes, the smell of smoke, or indirect advertising, can trigger urge
episodes and relapse [22—-24]. Despite strict smoking regulations in Malaysia, cigarettes
remain surprisingly easy to obtain, whether at grocery stores, supermarkets, restaurants,
coffee shops, roadside stalls, or even the night markets. Although tobacco ads are offi-
cially banned, they still surface at point-of-sale displays and checkout counters, until the
recent ban under the Control of Smoking Products for Public Health (Control of Sale)
Regulations 2024.

Demographic factors such as age, gender, income, education, and socioeconomic sta-
tus also shape smoking behaviour and craving responses. In Malaysia, smoking remains
more common among males, low-income earners, rural populations, and those with
lower educational attainment [25, 26]. Similar trends were documented in a Bangla-
desh adult sample, where male gender, lower education levels, and reduced wealth were
linked to higher tobacco use [20]. Adolescents are particularly vulnerable, often under-
estimating the risks of smoking and perceiving e-cigarettes or “light” cigarettes as less
harmful, which reinforces continued use [27-30]. Collectively, these demographic pat-
terns suggest that craving is influenced not only by cognitive perceptions but also by
broader socioeconomic realities.

Given the complex interplay of cognitive, environmental, and demographic factors on
smoking behaviour, a multidimensional theoretical framework is needed to explain how
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such perceptions shape craving responses. The Health Belief Model (HBM) offers such
a framework and has been widely applied in addictive research. Despite several behav-
ioural frameworks, including the Theory of Planned Behavior (TPB) [31, 32], the Trans-
theoretical Model (TTM) [33-35], and Social Cognitive Theory (SCT) [36, 37], have
been widely applied to explain smoking behaviour, the Health Belief Model (HBM) [19,
38, 39] continues to be one of the most extensively adopted theoretical frameworks in
health-related research [38]. Several findings support the utility of HBM constructs in
predicting adolescent smoking behaviour [40—43], intention to quit [39, 44], and actual
cessation outcomes [45]. Although the HBM was originally developed to explain pre-
ventive health behaviours [30], its constructs have been applied to addictive behaviours,
including smoking, where they demonstrate predictive power for cessation intentions,
relapse susceptibility, and craving intensity [39, 46]. However, despite growing interest
in applying the HBM to smoking behaviour, research has not adequately examined how
HBM constructs can be manipulated to understand craving. Thus, this study aimed to
explore how the perception construct measured by the HBM interacts with cue exposure
and socio-demographic factors to explain craving, particularly in the Malaysian con-
text. Specifically, this study intend to answer (1) whether HBM constructs predict crav-
ing; (2) whether cue exposure adds explanatory value; (3) whether socio-demographics
influence or interact with these predictors; and (4) how these factors collectively con-
tribute to craving within a hierarchical modelling framework. Demographic variables
were included directly in the model to allow their independent influence to be examined
without imposing causal assumptions. This approach also aligns with common practices
in tobacco research, where demographics function primarily as foundational covariates
rather than intermediate or interactive mechanisms [47-50].

2 Methods

2.1 Study design

This study employed a cross-sectional quantitative design to examine how smokers’ per-
ceptions, as conceptualised by HBM, interact with cue exposure and socio-demographic
factors to influence cigarette craving among Malaysian adults (Fig. 1). The base model
posits that the six HBM constructs, perceived susceptibility, perceived severity, per-
ceived benefits, perceived barriers, cues to action, and self-efficacy, represent smokers’
cognitive perceptions of smoking and quitting, and directly influence craving for smok-
ing. External stimuli such as cue exposure (e.g., environmental triggers, sensory stimuli,
and social cues) are integrated to reflect real-world conditions that often precipitate
craving episodes. Additionally, socio-demographic factors (age, gender, education and
income) are examined as variables that shape cognitive and behavioural outcomes.

Thus, smokers’ perception may act as an intercessor between cue exposure, demo-
graphic factors, and craving. This framework suggests that both external triggers and
individual perceptions, shaped by demographic background, play a significant role in
smoking craving. To evaluate these relationships, four hierarchical regression models
were developed as follows.

I.  Model 1: Examines the direct effects of perception (HBM constructs) on craving.

II. Model 2: Tests the combined influence of perception and cue exposure on craving.

III. Model 3: Assesses the role of demographic characteristics in moderating HBM
effects on craving.
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craving

Socio-demographics
Age Gender Education Income
Cue exposure
Sight Smell Taste Auditory
HBM
Percerved Percerved Perceived
susceptibility severity benefits

Percetved barriers Cues to action Self-efficacy

Fig. 1 Conceptual model of the study

IV. Model 4: Evaluates the integrated influence of perception, cue exposure, and
demographic variables on craving.

Model 1 included only HBM constructs. Model 2 added cue exposure as an additional
predictor. Model 3 incorporated socio-demographic variables. Model 4 included all
three variable groups simultaneously to assess their combined explanatory power. The
regression model was specified as:

CRV,‘=a0+ﬁlHBMi+ﬂ20Ei++53DGi+ €

Where CRV; is the craving of an i-type urge; HBM, measure of I type HBM con-
structs; C'E; measure of i-type cue exposure and DG; measure of i-type demographic
factor. The hierarchical structure improves the estimate precision, even in categories
with sparse data and produces more reliable associations under such conditions [51].

2.2 Study subjects

The study population comprised adult tobacco smokers residing in Selangor. Inclusion
criteria were: (1) age between 17 and 70 years; (2) current tobacco smoker, defined as
having smoked > 1 cigarette in the past 30 days; (3) residency in Selangor; and (4) ability
to provide informed consent. Exclusion criteria included: (1) vape-only users; (2) indi-
viduals below 17 years; (3) non-residents of Selangor; and (4) duplicate or incomplete
responses.

Purposive sampling was used to recruit individuals with direct smoking experi-
ence. A total of 410 responses were received. After removing duplicates and ineligible
entries, 370 participants remained for analysis. Selangor was selected due to its diverse
population and status as the most populous state in Malaysia. Thus, the findings in this
study were interpreted as representative of the sampled group rather than the general
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population due to potential selection bias and lack of randomisation [52, 53]. Sample
size determination followed Krejcie and Morgan, as applied in Chuan [54].

2.3 Study procedures

The questionnaire was designed following a systematic literature review to identify vali-
dated instruments aligned with the study’s objectives. Adapted and original items were
refined for clarity, cultural relevance, and suitability for Malaysian respondents.

The survey was initially drafted in English and then translated into Bahasa Melayu
(BM) by two external experts. The preliminary version underwent pre-testing to iden-
tify issues related to item clarity or ambiguity. Ethical approval was obtained from the
Jawatankuasa Etika Universiti Putra Malaysia (JKEUPM).

Data were collected using an online self-administered questionnaire distributed
via WhatsApp. This approach ensured wide accessibility, participant anonymity, and
reduced response bias, particularly important for sensitive behaviours such as smoking
[55, 56]. Finally, all responses were screened for eligibility before inclusion in the final
dataset.

2.4 Measures
This study assessed three main categories of variables: (i) Health Belief Model (HBM)
constructs, (ii) smoking cue exposure, and (iii) smoking craving.

2.4.1 Health belief model (HBM) constructs

HBM constructs were measured using items primarily developed for the Malaysian con-
text and partially adapted from Rhoads [57]. All HBM constructs and craving items used
a seven-point Likert scale (1=strongly disagree to 7 =strongly agree).Internal consis-
tency for each construct was evaluated using Cronbach’s o coefficients.

Cues for action were measured using five items assessing the extent to which indi-
viduals perceived smoking-related social cues among their peers. Example statements
included “Most people my age smoke cigarettes to relax,” with the scale achieving a
Cronbach’s o of 0.820. Perceived susceptibility was measured using five items, assess-
ing beliefs regarding vulnerability to smoking-related harm. Items included state-
ments such as “There is a high risk of developing health problems due to smoking in
any period of my life” and the construct demonstrated strong reliability (o =0.826). Per-
ceived severity was measured using four items, capturing beliefs about the seriousness
of smoking-related health consequences. An example item was “If I smoke cigarettes, it
is likely that I will get a serious disease like lung cancer or heart disease and possibility
die from it and the scale showed excellent internal consistency (a=0.902). Perceived
benefits consisted of five items that assessed perceived advantages of quitting or engag-
ing in smoking-related policies or interventions. For example, respondents rated state-
ments such as “Quit smoking will help me to save money”” This construct demonstrated
strong reliability (a«=0.838). Perceived barriers were assessed using five items capturing
psychological and social obstacles to quitting, including fear of withdrawal symptoms
and concerns about stress or identity loss. An example item was “I am scared I can’t bear
the withdrawal symptoms if I quit smoking,” with the scale exhibiting strong reliability

(a=0.844). Self-efficacy was measured using five items, assessing confidence in resisting
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smoking in various situations. An example item was “I believe I can say ‘no’ to smoking

even if my friends pressure me,” and the scale’s internal consistency was high (a=0.830).

2.4.2 Smoking cue exposure

Smoking cue exposure was measured using the Smoking Cue Appeal Survey (SCAS)
developed by Murray et al. [58]. The instrument assesses sensory and contextual reac-
tions to smoking-related cues, including sight, smell, taste, and auditory stimuli.
Respondents rated items on a seven-point scale ranging from 1 (“not pleasant at all”) to
7 (“extremely pleasant”). An example item was, “The smell of cigarette smoke is appeal-
ing to me.” The scale demonstrated excellent internal consistency, with a Cronbach’s a of
0.895.

2.4.3 Craving

Craving was assessed using the 12-item Tobacco Craving Questionnaire—Short Form
(TCQ-SF) developed by Heishman, Singleton and Pickworth [59]. The scale measures
four dimensions of craving, emotionality, expectancy, compulsiveness, and purposeful-
ness using a seven-point Likert response format. An example item was, “I feel an intense
desire to smoke right now.” The scale demonstrated excellent internal consistency in this
study (Cronbach’s a=0.918).

2.5 Statistical analysis

Data were analysed using IBM SPSS Statistics software version 28 with a=0.05 for statis-
tical significance. Regression analysis was performed across the four hierarchical models
to determine the contribution of HBM constructs, cue exposure, and socio-demographic
characteristics. Assumption testing confirmed that the regression models satisfied all
key statistical requirements, including normality of residuals and absence of multicol-
linearity (VIF<5) for all predictors, except for the variable Nationality (VIF=7.61),
which indicated moderate multicollinearity but was retained due to its theoretical rel-
evance. Homoscedasticity was verified using the Breusch—Pagan—Godfrey test, with all
models showing non-significant results. The models’ performance was assessed using R®
values and standardised beta coefficients.

3 Results

A total of 410 data entries were collected, comprising 394 in the Malay version and 16 in
the English version. After removing 7 duplicate entries, 403 data entries were screened
for eligibility. Subsequently, 33 entries were excluded from the analysis, including 6 indi-
viduals who did not voluntarily participate, 19 who reported smoking vape or e-ciga-
rettes only, and 8 who were not from Selangor. Finally, 370 data entries were included in
the analysis. Table 1 shows the demographic characteristics of the respondents.

The majority of participants in this study were male (95.7%), with 87% identifying as
Malay, followed by 6.5% Indian, 3% Chinese, 2.4% Bumiputra from Sabah, and 0.8% and
0.3% as Bumiputra from Sarawak and other ethnicities, respectively. More than half
(71.1%) of the smokers earned less than RM3000, were between the ages of 31-40, and
almost 92% of respondents had attained at least a Form 5 (SPM) level of education.

The construct reliability of the questionnaire was found to be robust across all mea-
sures. The Cronbach’s alpha values indicated strong internal consistency for each
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Table 1 Demographic characteristics

Variables N %
Gender

Male 354 95.7
Female 16 43
Ethnicity

Malay 322 87.0
Chinese 1 30
Indian 24 6.5
Bumiputera of Sabah 9 24
Bumiputera of Sarawak 3 08
Others 1 03
Nationality

Malaysian 364 984
Non- Malaysian 6 1.6
Marital Status

Never married 140 378
Married 207 559
Separated 2 0.5
Divorcee 1 03
Widow/Widower 14 38
Living with partner 6 1.6
Education

Completed standard 6 11 30
Completed form 3 24 6.5
Completed form 5 113 30.5
Completed form 6/certificate/diploma 162 438
Completed Bachelors degree 44 11.9
Completed Masters degree 15 4.1
Completed Doctoral qualification (PhD) 1 03
Occupation

Other 5 14
Employer 13 35
Government employee 31 84
Semi-government employee 10 27
Private employee 198 535
Self-employed 98 26.5
Unpaid family worker 2 0.5
Unemployed 4 1.1
Student 9 24
Age

<20 8 2.16
21-30 116 314
31-40 143 38.6
41-50 64 17.3
51-60 37 10
61 &above 2 0.5
Income (RM)

0-3000 263 71.1
3001-6000 89 24.1
6001-9000 12 32

9001 & above 6 1.6
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Standardized coefficients

Variables Model 1 Model 2 Model 3 Model 4
Self-efficacy —0.350%* —0.313%%* —0.339%% —0.301%**
Perceived Barriers 0.375%** 0.3417%** 0.369*** 0.330%**
Perceived Severity —-0.096 -0.074 -0.065 0.037
Perceived Benefit 0.061 0.068 0.044 0.050
Perceived Susceptibility 0.037 0.040 0.020 0.026
Cue to Action 0.312%%* 0.292%** 0.317%* 0.302%**
Cue Exposure 0.132%** 0.136***
Gender —0.004 -0.010
Age 0.037 0.069
Ethnicity 0.022 0.014
Nationality —0.040 —-0.025
Marital status 0011 —-0.002
Education 0.010 0.020
Occupation -0.027 -0.024
Income —0.119% —0.119%
R? 0.355 0.369 0.369 0.383
AR? 0.014 0.000 0.014

*** significant at 1%
**significant at 5%

independent variable where cue exposure (a=0.895), cues to action (a=0.820), per-
ceived barriers («=0.844), perceived benefits (a=0.838), perceived severity (a=0.902),
perceived susceptibility («=0.826), self-efficacy (¢ =0.830) and the dependent variable,
craving (a=0.918).

Hierarchical multiple regression was used to examine the contribution of HBM con-
structs, cue exposure, and socio-demographic factors toward smoking craving using
p<0.05. Table 2 presents the results across the four models.

The R-squared values for the four models assess the contribution of smokers’ per-
ception, cue exposure and socio-demographic factors on smoking cravings. Model 1,
the base model, includes only the HBM variables and explains 35.5% of the variance
in smoking cravings (R? = 0.355). When cue exposure is added to the HBM in Model
2, the explanatory power slightly increases to 36.9% (R*> = 0.369), reflecting a modest
yet meaningful improvement of AR* = 0.014. Model 3 incorporates both the HBM and
socio-demographic variables, maintaining the same R-squared value (R? = 0.369), sug-
gesting that socio-demographics alone do not add further explanatory power. However,
Model 4, which combines the HBM, cue exposure, and socio-demographics, improves
the model’s explanatory power to 38.3% (R* = 0.383), adding another AR® = 0.014. This
indicates that incorporating both cue exposure and socio-demographics alongside the
perception variables provides the most comprehensive understanding of smoking crav-
ings in this analysis.

The Model 1, which examines the influence of HBM variables on smoking cravings,
shows that self-efficacy has a strong negative relationship with cravings (p = —0.350,
p<0.001), indicating that individuals with higher self-efficacy experience lower crav-
ings for smoking. Perceived barriers have a significant positive association with cravings
(B=0.375, p<0.001), meaning that individuals who perceive more obstacles to quit-
ting are more likely to have stronger cravings. The cue for action variable also shows a
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positive and significant effect (=0.312, p<0.001), suggesting that external cues or trig-
gers can increase smoking cravings.

In contrast, perceived severity (B = —0.096), perceived benefits (p=0.061), and per-
ceived susceptibility (f=0.037) do not have statistically significant effects on smoking
cravings in this model. This suggests that these factors are less influential in determining
cravings compared to self-efficacy, perceived barriers, and cues for action. Overall, the
results highlight the importance of self-efficacy and perceived barriers, as well as exter-
nal cues, in understanding smoking cravings.

In Model 2, which integrates the HBM variables along with cue exposure, several fac-
tors continued to significantly impact smoking cravings. Self-efficacy remains a strong
negative predictor (p = - 0.313, p<0.001), suggesting that individuals with higher con-
fidence in their ability to resist smoking experience fewer cravings. Perceived barriers
also have a significant positive effect (f=0.341, p <0.001), meaning that individuals who
perceive more challenges to quitting are more likely to have stronger cravings.

Cue for action remains a significant positive predictor (f=0.292, p<0.001), reinforc-
ing the role of external triggers in increasing cravings for smoking. Cue exposure, newly
introduced in this model, is also a significant positive predictor (f=0.132, p<0.001),
indicating that exposure to smoking-related cues directly increases cravings.

Perceived severity (p = - 0.074), perceived benefit (f=0.068), and perceived suscepti-
bility (f=0.04) remain non-significant, implying these variables have little influence on
smoking cravings in the presence of self-efficacy, barriers, and cue-related factors. Over-
all, this model emphasizes the importance of self-efficacy, perceived barriers, and both
internal and external cues in driving smoking cravings.

In Model 3, which combines HBM variables with socio-demographic factors, self-effi-
cacy remains a strong negative predictor (p = -0.339, p<0.001), indicating that indi-
viduals with greater confidence in resisting smoking tend to experience fewer cravings.
Perceived barriers continue to have a significant positive relationship with cravings
(B=0.369). The cue for action variable is also a significant positive predictor (p=0.317,
p<0.001), showing that external cues or triggers increase smoking cravings.

Among the socio-demographic variables, only income shows a significant effect, with
a negative relationship (B = -0.119, p<0.05), suggesting that individuals with lower
incomes tend to have stronger cravings for smoking. Other socio-demographic fac-
tors, including gender (B = -0.004), age (=0.037), ethnicity (p=0.022), nationality (p
= -0.04), marital status (f=0.011), education ( =0.01), and occupation (f = —0.027), do
not significantly influence smoking cravings in this model.

Overall, the results highlight that self-efficacy, perceived barriers, and cues for action
remain important predictors of smoking cravings, while income also plays a notable role
in influencing craving intensity. Other socio-demographic factors appear less relevant in
predicting cravings in this context.

In Model 4, which integrates the HBM, cue exposure, and socio-demographic factors,
several variables significantly influence smoking cravings. Self-efficacy continues to have
a strong negative effect (B = —0.301, p<0.001), suggesting that individuals with greater
confidence in their ability to resist smoking experience fewer cravings. Perceived barri-
ers remain a significant positive predictor (f =0.330, p <0.001), indicating that those who
perceive more challenges to quitting tend to have stronger cravings. The cue for action
variable (p=0.302, p<0.001) and cue exposure (f=0.136, p<0.001) are both positively
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associated with smoking cravings, highlighting the role of external triggers and environ-
mental cues in driving cravings.

Among the socio-demographic variables, only income has a significant negative rela-
tionship (f = —0.119, p<0.05), meaning individuals with lower incomes are more likely
to experience stronger cravings. Other socio-demographic factors, such as gender ( =
-0.01), age ($=0.069), ethnicity (p=0.014), nationality (B = —0.025), marital status (
= -0.002), education (f=0.02), and occupation (f = —0.024), do not have significant
impacts on smoking cravings in this model.

Overall, this model shows that self-efficacy, perceived barriers, cues for action, and cue
exposure are key factors influencing smoking cravings, with income also playing a role,
while other socio-demographic factors have minimal impact.

Assumption testing confirmed that the regression models satisfied all key statistical
requirements, including normality of residuals and absence of multicollinearity (VIF <5)
for all predictors, except for the variable Nationality (VIF =7.61), which indicated mod-
erate multicollinearity but was retained due to its theoretical relevance. Homoscedas-
ticity was verified using the Breusch-Pagan—Godfrey test, with all models showing
non-significant results, confirming constant variance of residuals: Model 1 (F=2.09,
p=0.054), Model 2 (F=1.50, p=0.17), Model 3 (F=1.01, p=0.44), and Model 4 (F=0.85,
p=0.62).

4 Discussion

This study examined how cognitive perceptions, cue exposure, and socio-demographic
factors collectively explain smoking craving among Malaysian adult smokers. The hier-
archical modelling approach allowed the study to evaluate these predictors in relation
to the research questions and to understand their incremental contributions to craving.

4.1 HBM constructs and craving

Consistent with prior literature, several HBM constructs demonstrated strong asso-
ciations with craving. Self-efficacy showed a robust negative relationship with craving
across all models, aligning with earlier studies indicating that higher self-efficacy reduces
cue-induced reactivity and lowers relapse likelihood [17, 60—62]. This reinforces the role
of cognitive control and confidence in managing smoking urges. Perceived barriers and
cues to action were also significant positive predictors of craving. Consistent with prior
studies, this study supports that perceived barriers, such as stress, anxiety, and antici-
pated withdrawal, magnify craving intensity and undermine cessation attempts [12—-15].
Similarly, cues to action, whether internal (e.g., negative affect, withdrawal) or external
(e.g., smoking cues, advertisements), have been widely recognised as immediate trig-
gers that prompt smoking behaviour [7, 22-24]. In contrast, perceived susceptibility,
perceived severity, and perceived benefits were not significantly related to craving. This
finding parallels research showing that knowledge of health risks alone does not reduce
craving [63, 64]. Craving tends to persist even among those with high risk perception,
suggesting that cognitive awareness interacts with affective and situational states rather
than directly diminishing craving [60, 65, 66].



Munusamy et al. Discover Public Health (2026) 23:1056 Page 11 of 15

4.2 Cue exposure and craving

When cue exposure was included in the model, it significantly enhanced explanatory
power, underscoring the strong influence of environmental stimuli on craving. This sup-
ports behavioural and classical conditioning theories, in which sensory cues associated
with smoking activate learned associations that trigger craving [58, 67].This study’s find-
ings align with evidence showing that exposure to visual, olfactory, or contextual smok-
ing cues reliably increases craving even among those aware of health risks [22, 68, 69].
By integrating cue exposure into the HBM, this study broadens the model’s traditional
focus on cognitive perceptions, highlighting that cravings are shaped not only by beliefs
but also by automatic, conditioned responses to environmental triggers.

4.3 Socio-demographic factors

Among the socio-demographic variables, only income was significantly associated
with craving, with lower-income individuals reporting higher craving levels. This find-
ing aligns with prior studies showing that limited financial resources can increase stress
levels, reduce access to cessation support, and heighten nicotine dependence [70-72].
Other demographic variables were not significant predictors, suggesting that once cog-
nitive and environmental factors are accounted for, demographic effects become less
influential. This supports the HBM’s conceptualisation of socio-demographics as modi-
fying variables [73], which influence perceptions but are not direct determinants of
behaviour when cognitive constructs and cues are considered.

4.4 Integrated model implications

The final hypothesised model shows that craving is a multifaceted phenomenon shaped
by the interaction of cognitive beliefs, environmental conditioning, and socio-economic
context. Self-efficacy, perceived barriers, cues to action, and cue exposure consistently
emerged as the strongest predictors, indicating that both internal perceptions and exter-
nal triggers jointly influence craving intensity. This supports biopsychosocial perspec-
tives of addiction, which view craving as arising from cross-level interactions between
psychological, environmental, and contextual factors [74]. By extending HBM appli-
cation beyond preventive health behaviours, this study demonstrates that the model
remains relevant in explaining craving, a core element of addiction, offering a more com-
prehensive lens for understanding smoking behaviour in real-world settings.

From a public health perspective, these findings suggest the need for integrated cessa-
tion strategies. Enhancing self-efficacy through behavioural counselling or skills-based
training may help smokers manage urges more effectively. Addressing perceived barri-
ers through stress-management resources, withdrawal support, and more accessible
cessation services may also reduce craving intensity. Given the role of cue exposure, pol-
icies targeting environmental stimuli, such as point-of-sale marketing restrictions and
reduced visibility of smoking cues, could further weaken craving triggers.

Several limitations should be noted. The use of self-reported measures and a cross-sec-
tional design restricts causal inference. Purposive sampling also limits generalisability, as
the findings may not represent all Malaysian smokers. Future longitudinal or experimen-
tal research could examine temporal changes in beliefs and cue exposure, as well as test
interventions that target HBM constructs or cue-related mechanisms.
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5 Conclusion

This study shows that smoking craving among Malaysian adults is driven mainly by
cognitive perceptions and environmental triggers. Higher self-efficacy reduced crav-
ing, while perceived barriers, cues to action, and cue exposure consistently intensi-
fied it. Income was the only socio-demographic factor contributing meaningfully, with
lower-income smokers experiencing stronger urges. These results point to the need for
interventions that build self-efficacy, reduce perceived barriers, and limit exposure to
smoking cues.
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