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Abstract

Background: Nicotine addiction, driven by cue-induced cravings, significantly contributes to high
relapse rates among smokers. Craving, particularly cue-induced craving, plays a critical role in
relapse and is influenced by culturally specific environmental cues. This study aims to develop
and validate a culturally adapted visual cue-based craving induction task for cigarette smokers to
enhance research on nicotine dependence.

Methods: This study included 240 treatment-seeking Iranian smokers (120 males, 120 females)
with >10 cigarettes/day for >2 years, assessed using DSM-5 criteria and the Fagerstrom-Test for
Nicotine Dependence. Culturally relevant craving-inducing cues were selected through focus
groups and expert validation, categorized into seven groups (Neutral, Instrument, Bill,; Smoking,
Smoking environment, Smoking Shop, Consumption type). Participants rated.craving intensity via
a Visual Analog Scale during cue exposure (10-15 sec/image). A final.task comprising 30
evocative and 4 neutral cues was developed for standardized craving induction.

Result: The CICT 34 demonstrated significant reliability with Cronbach’s alpha of 70.10% and
McDonald's omega of 79%. Significant positive correlations«were found between total craving
scores and categories such as Smoking, Consumption Type, Instrument, Environment, Bill, and
Smoking Shop [P < 0.05]. However, no significant correlation was found between age and craving
scores [P > 0.05].

Conclusion: This study showed that visual.cues-reliably induce nicotine craving, with cue
reactivity influenced by addiction severity but.net demographic factors. The CICT-34 task is a
valid tool for measuring cue-induced -craving, highlighting the importance of personalized
approaches in tobacco addiction treatment.
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1. Introduction

Tobacco use remains one of the most pressing public health challenges worldwide. According to
the World Health Organization (WHO), tobacco kills more than 8 million people annually,
including approximately 1.3 million non-smokers who are exposed to second-hand smoke[1]. As
of 2022, there were about 1.25 billion tobacco users aged 15 years and older, a decline from 1.36
billion in 2000[2]. Despite this reduction, the prevalence of tobacco consumption remains
alarmingly high, particularly in low- and middle-income countries, where nearly 80% of tobacco

users reside [3].

Nicotine, the primary psychoactive constituent of tobacco, is chiefly responsible for its addictive
properties and the reinforcing effects that sustain smoking behavior. One of the greatest obstacles
in smoking cessation is the high rate of relapse, often triggered by exposure to smoking-related
cues that elicit strong cravings[4]. Consequently, understanding the mechanisms that underlie
craving is critical for designing effective interventions to prevent relapse and support long-term

abstinence.

Craving is formally recognized as a diagnostic criterion for substance use disorders in the
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5), where it is defined
as an intense_desire-or urge to consume a substance in response to internal states or external
cues[5]. kudwig's theory [1988] distinguishes between two types of craving: withdrawal craving,
which.arises from the absence of the substance, and cue-induced craving, which is triggered by
environmental cues associated with substance use. The latter is particularly potent in eliciting

strong urges and is a significant predictor of relapse.



Ludwig’s theory (1988) conceptualizes craving as arising from two primary sources: withdrawal
craving, which emerges in the absence of the substance and is driven by withdrawal symptoms,
and cue-induced craving, which is triggered by environmental stimuli previously associated with
substance use. The latter is particularly powerful, as it not only provokes strong urges but also
serves as a robust predictor of relapse[6]. Cue-induced craving is grounded in the principles of
classical conditioning. Neutral stimuli, such as a lighter or cigarette packaging, can become
conditioned cues when repeatedly paired with the reinforcing effects of smoking.. These cues can
subsequently provoke multiple forms of reactivity, including psychological responses (e.g.,
craving, anticipation of pleasure), physiological responses (e.g., changesin heart rate, temperature,
or withdrawal-like symptoms), and behavioral responses« (e.g., drug-seeking actions and
attentional biases toward smoking-related stimuli).~A-large ‘body of evidence suggests that cue
reactivity not only predicts relapse but may also provide valuable insights for developing targeted

therapeutic strategies[7].

In experimental settings, craving «can-be reliably induced through various methods, such as
exposure to drug-related imagery,-paraphernalia, and verbal or pictorial cues. More recently,
immersive technologies such as virtual reality have been employed to enhance ecological validity
in craving induction. paradigms. These approaches have been applied across a range of
substances—including cocaine, heroin, alcohol, and methamphetamine, with consistent evidence
that cue exposure elicits craving responses. However, relatively few studies have investigated cue-
induced craving in cigarette smoking users, despite evidence linking craving intensity to relapse

risk in this population[8, 9].

In the context of substance use, research has increasingly emphasized the critical role of cue-

induced craving in understanding the physiological and neural mechanisms that contribute to



relapse. Craving induction tasks are widely used to investigate these processes, with the majority
relying on visual cues—such as images of individuals smoking in public places, cigarette
packaging, or ashtrays—to elicit craving responses. Therefore, the present study aims to develop
and psychometrically validate a culturally adapted visual cue-based craving induction task,

providing a standardized tool for future experimental and clinical research on nicotine dependence.

2. Methods

2.1. Participants

A total of 240 adult cigarette smokers (120 males and 120 females) were enrolled in this study.
Eligibility criteria required participants to report daily cigarette use of at least 10 cigarettes per day
for a minimum of two consecutive years. All individuals were treatment-seeking and were
recruited from the waiting lists of a specialized outpatient stimulant-use treatment center in Tehran,

Iran.

In addition to self-reported smoking history, inclusion was contingent upon physician-confirmed
nicotine dependence, as defined by the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5).-Participants were excluded if they had a personal or family history of major
psychiatric.or neurological disorders (e.g., epilepsy, stroke), a history of neurosurgical procedures,

or current.dependence on any psychoactive substance other than nicotine.

The study was conducted in accordance with the principles of the Declaration of Helsinki and was
approved by the Ethics Committee of Mazandaran University of Medical Sciences
(IR.MAZUMS.REC.1402.18466). Written informed consent was obtained from all participants

prior to enrollment.



2.2. Study Design

The study was carried out at Mazandaran University of Medical Sciences between 2023 and 2024.
Potential participants underwent an initial screening through a structured diagnostic interview
based on DSM-5 criteria to assess psychiatric and substance use disorders. After applying the
inclusion and exclusion criteria, 240 eligible individuals were enrolled. To "collect
sociodemographic and personal background information, participants completed. a structured
questionnaire that included age, gender, marital status, educational level, occupation, monthly
income, and sexual activity. Smoking behavior and nicotine dependence were assessed using the
Fagerstrom Test for Nicotine Dependence (FTND), a standardized six-item instrument designed

to evaluate the severity of nicotine addiction.

The FTND, originally developed by Heatherton et.al. (1991), yields a total score ranging from 0
to 10, with higher scores reflecting greater dependence. Scores were classified into three
categories: 1-3 (low dependence), 4-7. (moderate dependence), and 8-10 (high dependence).
Previous studies have demonstrated good internal consistency for the original FTND (Cronbach’s
a = 0.61-0.74). Furthermore;. the Persian version of the FTND, validated in Iranian populations,

has shown acceptable psychometric reliability (Cronbach’s o= 0.75)[13, 14].

2.3. Study Procedure

The study procedure was systematically designed and implemented in four sequential phases, as

outlined below.



Phase 1: Selection of Visual Cues and Task Design

To generate a reliable set of visual cues capable of inducing tobacco cravings, three focus group
discussions (FGDs) were conducted with voluntary smokers who were not seeking treatment. The
purpose of these discussions was to explore imagery scripts that could elicit cravings, drawing on
participants’ personal experiences and memories related to cigarette use. During the \FGDs,
participants identified several scenarios that commonly triggered cravings, including exposure to
cigarettes, smoking paraphernalia (e.g., packs, lighters), and social interactions with peers who
smoked. A visual cue was included in the final pool only if it was mentioned in at least two FGDs,
ensuring consistency and reliability. To empirically validate the perceptual distinctiveness of these
categories, FGDs were presented with the images and asked to classify them into predefined
categories. For example, the results confirmed that.categories such as 'smoking environment' and
'smoking shop' were perceived as distinct by.the target population, supporting the validity of the
categorical structure used in the main-study. “An expert panel consisting of psychiatrists and
neuroscientists subsequently categorized the selected evocative cues into seven main groups:
Neutral, Instrument, Bill,.Smoking, Smoking environment, Smoking Shop, Consumption type.
From these categories, 30 evocative images were finalized, with five images representing each
category. To control for non-specific visual stimulation, the expert panel also designed a set of
neutral cues:. The neutral images served as a baseline condition to contextualize and interpret the
craving scores elicited by smoking-related cues. While the primary statistical analyses focused on
the reactivity to evocative stimuli, the neutral category provided a reference point to estimate the
net cue-induced craving effect. This approach helps distinguish specific craving responses from
general reactions to visual stimulus presentation. These consisted of 12 images with similar visual

characteristics but without any association with smoking or cigarettes. To minimize potential



carryover effects and enhance craving induction, a sequential block design was adopted. The task
consisted of six blocks, each containing five evocative cues and four neutral images, presented in

randomized order.

Phase 2: Recruitment of Participants for Cue Assessment

A total of 240 participants were recruited into the study, as described in the Participants section.
Written informed consent was obtained from all participants prior to data.collection. Baseline
assessments included the collection of demographic data and administration of the Fagerstrom
Test for Nicotine Dependence (FTND). Following this, participants proceeded to the cue exposure

session.

Phase 3: Cue Exposure and Craving Assessment

During the cue exposure task, participants were instructed to rate the intensity of their craving and
subjective urge to smoke in response to_each image using a self-reported Visual Analog Scale
(VAS) ranging from 0 (“no craving™) to 10 (“strongest craving”). Each image was presented for
10-15 seconds. Participants “who reported heightened cravings or exhibited noticeable
physiological responses.remained in the laboratory until their craving levels returned to baseline.
Before leaving;. they received a brief psychological intervention designed to reduce residual

cravings.

Phase 4: Final Selection of Cues for Craving Induction Tasks

In the final phase, the pool of images was refined to create two experimental tasks: one for long

craving induction and another for short craving induction. The final set included 30 evocative



images and 4 neutral images, distributed across the predefined categories (see Figure 1 for category

details).

1. Neutral[4 pictures]

2. Instrument [5 pictures]

3. Bill [5 pictures]

4. Smoking [5 pictures]

5. Smoking environment [5 pictures]
6. Smoking Shop[5 pictures]

7. Consumption type[5 pictures]

It should be mention that in accordance with ethical guidelines for clinical research involving
craving induction, all participants received structured post-task support. This included a brief
counseling session focused on craving. management techniques and relapse prevention
strategies. Furthermore, participants had continued access to the standard support services
provided by the treatment center; ensuring their well-being following the experimental

procedure.
2.4. Statistical Analysis:

All statistical.analyses were conducted using SPSS software (version 20), with the level of
significance'set at p < 0.05. Descriptive statistics, including means with standard deviations (mean
+ SD) and frequency distributions (percentages), were calculated to summarize demographic

characteristics and Cue-Induced Craving Task (CICT-34) scores.

The internal consistency of the CICT-34 was evaluated using Cronbach’s alpha and McDonald’s

omega coefficients. Data normality was assessed with the Kolmogorov—-Smirnov test. Based on
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the distribution of variables, between-group comparisons were performed using independent-
samples t-tests for normally distributed data or Mann-Whitney U tests for non-normally
distributed data. For comparisons across more than two groups, one-way ANOVA was used for

normally distributed variables, while the Kruskal-Wallis test was applied for non-normal data.

Associations between categorical variables were examined using Chi-square tests or Fisher’s.exact
tests, as appropriate. To evaluate relationships between continuous demographic variables (e.g.,
age, education level, monthly income, sexual activity) and CICT-34 scores, Pearson correlation
coefficients were calculated. For variables that did not meet normality assumptions, non-

parametric correlation methods were employed.

Finally, additional t-tests and ANOVA analyses were conducted to explore the effects of living

conditions, smoking patterns, and engagement in.high-risk behaviors on craving intensity.

3. Results

A total of 240 participants who.fulfilled the inclusion and exclusion criteria were enrolled in the
study. The mean age of the sample was 33.99 + 9.32 years (range: 18-60 years). Of these, 120
participants (50.0%)-were female, with a mean age of 34.16 £ 9.28 years, and 120 participants
(50.0%) were male, with a mean age of 33.83 £ 9.40 years. There was no statistically significant

difference between the mean age of male and female participants (P > 0.05).

The internal consistency of the Visual Cue-Induced Craving Task (CICT-34) was assessed using
Cronbach’s alpha and McDonald’s omega coefficients. Cronbach’s alpha was 0.701, while

McDonald’s omega yielded a higher reliability estimate of 0.79. These findings indicate that the
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CICT-34 demonstrates good and acceptable internal consistency, with McDonald’s omega
providing stronger evidence of reliability, particularly in contexts where the assumptions
underlying Cronbach’s alpha may be violated. Thus, the CICT-34 can be considered a reliable
measure for assessing craving elicited by smoking-related visual stimuli in nicotine-dependent

individuals.

Baseline participant characteristics and nicotine dependence levels, as assessed.by the Fagerstrom
Test for Nicotine Dependence (FTND), are summarized in Table 1. Chi-square.analysis revealed
a statistically significant association between gender and nicotine dependence level (P < 0.05).
However, no significant associations were observed between nicotine dependence levels and other
demographic variables (P > 0.05).Descriptive statistics for craving responses across the different
CICT-34 image categories are presented in Table 2. The overall mean CICT-34 total score was
181.62 £ 24.53 (range: 110-230). As anticipated, neutral images elicited the lowest craving scores,
whereas categories such as smoking environment, bill, and consumption type evoked the highest
craving responses.The correlations between participant age and craving scores across the CICT-
34 categories are illustrated in Figure 1. No significant correlations were observed between age
and craving scores for any category (P > 0.05). In contrast, strong and statistically significant
intercorrelations. were identified among several CICT-34 categories (P < 0.05). For example, the
total CICT-~34 score was significantly correlated with the smoking, consumption type, instrument,
environment, bill, and smoking shop categories. Additionally, the smoking shop category was
significantly correlated with smoking, consumption type, bill, and environment cues. These

findings highlight the interconnected nature of craving-inducing visual stimuli.
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Craving scores stratified by nicotine dependence level are reported in Table 3. Although
participants with higher nicotine dependence generally reported greater craving responses across
most cue categories and for the total CICT-34 score, Kruskal-Wallis analysis indicated no
statistically significant differences between low-, moderate-, and high-dependence groups (P >
0.05).Further subgroup analyses revealed gender- and education-specific differences in craving
scores (Table 4). Males reported significantly higher craving responses to neutral images compared
to females (P < 0.05). Moreover, craving responses to neutral cues differed significantly across
educational levels (P < 0.05). In addition, participants reported the highest craving scores in the
instrument category, and this difference reached statistical significance (P < 0.05). No other
significant associations were observed between craving levels.and demographic variables across

the remaining image categories (P > 0.05).

Finally, the distribution of baseline characteristics~and nicotine use variables by CICT-34
positiveness (defined as a total score above the median) is shown in Table 5. Independent samples
t-test demonstrated no significant.association between age and CICT-34 positiveness (P > 0.05).
Similarly, chi-square analyses revealed no significant associations between CICT-34 positiveness

and demographic ornicotine use variables (P > 0.05).
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Table 1. Evaluating the association between baseline characteristics and nicotine dependence based on the
Fagerstrom test.

Nicotine Use P-value
Variable Total
Low Moderate High
Age 33.99+9.32 33.00+8.13 34.274+9.26 33.92410.50 0.75
Gender
Male 120 [100] 25 [20.80] 66 [55.00] 29 [24.20]
0.017
Female 120 [100] 14 [11.70] 87 [72.50] 19 [15.80]
Marital status
Single 116[100] 17[14.70] 74[63.80] 25[21.60]
Married 48[100] 8[16.70] 30[62.50] 10[20.80] 0.92
divorced/widow 76[100] 14[18.40] 49[64.50] 13[17.10]
Job
Student 76[100] 9[11.80] 54[71.10] 13[17.10]
Employee 109[100] 18[16.50] 65[59.60] 26[23.90] 0.35
Other 55[100] 12[21.80] 34[61.80] 9[16.40]
Education
Under diploma 88[100] 11[12.50] 54[61.40] 23[26.10]
0.13
Diploma and higher 152[100] 28[18.40] 99[65.10] 25[16.40]

* Significant-at the level of .05.

#Values are reported as frequency [percent] or Mean+SD;
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Table 2: The mean score of craving induced from pictorial cues in terms of categories [n=240]*

Observed values

Main category of photos Features Mean+SD
Minimum  Maximum
Pen 0 2 0.50+0.70
Tree 0 1 0.05+0.22
Neutral Horse 0 1 0.10+0.31
Calculator 0 2 0:251+0.44
Total 0 5 0.92+1.04
Pipe 1 8 3.18+1.97
Ashtray 1 9 4.32+2.45
Charcoal 1 9 3.53+2.47
Instrument
Lighter 0 10 6.41+2.25
Matchstick 1 10 4.93+2.97
Total 11 36 22.3617.26
IRR banknote 50,000 1 10 4.57+2.94
IRR banknote 100,000 0 10 6.65+2.85
_ IRR banknote 500,000 0 10 7.15+2.17
o IRR banknote 1,000,000 0 10 7.01+2.26
Debit card 2 10 6.55+2.71
Total 10 48 31.931+9.81
Cigarette pack 0 10 7.131£2.46
Iranian cigarette 1 10 4.33+2.53
Smoking environment Foreign cigarette 1 10 4.10+2.80
Single unlit cigarette 0 10 6.51+2.53
Single lit cigarette 0 10 6.98+2.26
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Total 10 42 29.04+7.28
Smoking on the balcony 0 10 7.78+2.66
Smoking in the park 3 10 7.16+2.31
Smoking on the rooftop 0 10 6.49+2.00
Environment
Smoking in a café 0 10 6.57£2.55
Smoking while driving 0 10 7.78+£2.30
Total 25 48 35.77+6.08
Tobacco shop 1 10 5.13+£2.90
Street kiosk 1 10 5.83+2.38
Supermarket 1 10 6.01+2.25
Smoking shop
Cigarette shelf 1 10 5.67+£2.44
Tobacco Lounge 1 10 5.65+2.65
Total 10 48 28.28+8.09
Lit cigarette in hand 3 10 8.15+£1.85
Unlit Cigarette in ashtray 0 10 6.48+3.25
Cigarette being lit 0 10 7.15+£2.55
Consumption type Unlit cigarette in hand 0 10 6.03+£2.51
Cigarette smoke
1 10 5.50+3.16
Total 18 45 33.301+6.88
Total Score of CICT 34 110 230 181.62+24.53

# Values are reported as Mean+SD.
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Figure 1. Correlation matrix of the main categories of CICT 34 [Instrument, bill, Smoking, Environment,
Smoking Shop, Neutral, Consumption Type, Total Score] with age [Total participants: 240]. Positive values
indicate direct correlations, while negative values represent inverse correlations. Insignificant correlations
are marked with a.cross [based on a significance level of 0.05].
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Table 3. Comparing the rate of induced craving from pictorial cues between nicotine use levels based on

the Fagerstrom test.

Nicotine Use
Variable P-value
Low Moderate High

Neutral 0.974£0.95 0.88+1.05 0.97+1.10 0.82
Instrument 22.514+7.72 21.87+7.02 23.7917.59 0.27
Bill 31.84+9.86 32.07+10.00 31.58+9.33 0.95
Smoking 29.1246.77 28.56+7.40 30.47+£7.27 0.28
Smoking environment 35.0745.78 35.87+6.07 36.04+6.43 0.72
Smoking shop 28.30£7.97 28.42+7.98 27.81+8.69 0.90
Consumption type 32.15+6.03 33.20+7.08 34.54+6.84 0.26
Total Score of CICT 34 180.00+£25.28 180.91+24.11 185.22+25.39 0.51

#Values are reported as Mean+SD; * Significant at the level of .05.
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Table 4. Assessing the association between baseline characteristics and score of craving-induced for main
categories and CICT 34.

Variables Neutr | Instrume | Bill | Smoki | Environm | Smoki | Consumpti | CICT 34
al nt ng ent ng on type
shop
Gender
Male 1.05 22.37 31.48 | 28.78 35.81 28.24 33.28 181.04
[1.21] | [7.28] | [10.0 | [8.38] | [6.05] | [8.15] [6:91] [24.69]
0]
Female 0.78 22.35 32.39 | 29.30 35.74 28.32 33.32 182.21
[0.82] | [7.28] [9.63 | [7.20] [6.13] [8.08] [6.88] [24.45]
]
P-value 0.04 0.97 0.47 0.58 0.92 0.93 0.96 0.71

Marital status

Single 0.85 23.11 32.05" 29.87 35.69 28.36 33.84 183.79
[0.94] | [7.28]". [\[9.61 | [7.49] | [5.98] | [8.37] | [6.81] [25.07]
]
Married 1.02 21.89 32.02 | 29.16 36.16 29.14 33.27 182.68
[1.08] | [6.96] | [10.0 | [7.11] | [6.36] | [8.64] [6.63] [25.58]
6]
Divorced/wi 0.96 21.51 3171 | 27.69 35.65 27.61 32.50 177.65
dow [1.17] | [7.40] | [10.0 | [6.97] | [6.12] | [7.33] | [7.15] [22.79]
7]
P-value 0.60 0.29 0.97 0.12 0.88 0.58 0.41 0.22
Job
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Student 0.76 20.57 33.96 | 28.55 36.23 28.50 32.69 181.28
[0.84] | [7.22] [10.0 | [7.28] [6.32] [7.87] [6.51] [23.61]
5]
Employee 1.03 2335 | 31.31| 29.36 35.74 27.99 33.44 180.85
[1.15] | [7.22] | [9.57 | [6.92] | [5.92] | [8.32] [6.94] [27.18]
]
Other 0.90 22.85 | 30.38 | 29.07 35.21 28.56 33:85 182.25
[1.05] | [7.07] [9.66 | [8.05] [6.12] [8.07] [7.31] [23.95]
]
P-value 0.21 0.03" 0.07 | 0.75 0.63 0.87 0.61 0.93
Education
Under 0.72 23.09 31.97 | 29.25 35.52 27.65 33.05 181.28
diploma [0.88] | [7.45] | [9.33 | [7.03] |\ [6.06] | [8.08] [7.45] [24.24]
]
Diplomaand | 1.03 21.94 3191 |, 28.92 35.92 28.64 33.44 181.82
higher [1.11] | [7.14] ~/\[10.1 | [7.45] | [6.11] | [8.11] [6.55] [24.77]
0]
P-value 0.02" 0.23 0.96 0.73 0.62 0.36 0.67 0.86

* Significant at.the level of .05.
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Table 5. Evaluating the association between baseline characteristics and nicotine use levels with craving-
induced from CICT 34.

Variables Total CICT 34 P-value
Negative Positive

Age 33.99+49.32 33.76+9.07 34.72+10.14 0.49

Gender

Male 120 [100] 91 [75.80] 29 [24.20]

Female 120 [100] 91 [75.80] 29 [24.20] o

Marital status

Single 116[100] 84[72.40] 32[27.60]

Married 48[100] 35[72.90] 13[27.10] 0.22

divorced/widow 76[100] 63[82.90] 13[17.10]

Job

Student 76[100] 60[78.90] 16[21.10]

Employee 109[100] 81[74.30] 28[25.70] 0.74

Other 55[100] 41[74.50] 14[25.50]

Education

Under diploma 88[100] 67[76.10] 21[23.90]

Diploma and higher 152[100] 115[75.70] 37[24.30] oo

Nicotine dependence

Low 39[100] 31[79.50] 8[20.50]

Moderate 153[100] 119[77.80] 34[22.20]

High 48[100] 32[66.70] 16[33.30] o

#Values are reported as frequency [percent] or Mean+SD; * Significant at the level of .05; Positive:

CICT 34 score > Q3 and Negative: CICT 34 score < Q3.
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4. Discussion

This study investigated the influence of smoking-related visual cues (e.g., paraphernalia, smoking
environments) on craving levels among smokers. Building on prior cue-reactivity paradigms—
which have shown that smoking-related images elicit greater subjective craving than-neutral
stimuli we developed and validated a visual cue-induced craving task tailored to nicotine
dependence. Similar to findings from methamphetamine research, our task reliably induced
craving, thereby capturing the multidimensional nature of this phenomenon.and supporting its
utility in future cue-reactivity studies. Importantly, although existingresearch has confirmed that
smoking imagery provokes craving, no previous study has systematically examined the role of
isolated smoking-related cues (e.g., paraphernalia) in controlled settings. Our approach addresses
this gap by offering a standardized tool to examine craving induction mechanisms in tobacco

addiction.

Cigarette smoking, like other addictive behaviors, disrupts the brain’s reward circuitry through
dopaminergic activation in key “regions, reinforcing pleasurable sensations and promoting
dependence. Craving, a central feature of addiction, is an affective—cognitive state characterized
by both psychological and somatic symptoms, accompanied by an intense urge to consume
nicotine [16].This urge is shaped by two key dimensions: baseline craving (a tonic, ongoing desire)
and cue-induced craving (a phasic, stimulus-triggered response). The latter is particularly
significant clinically, as it is strongly implicated in relapse. Notably, individuals with higher
baseline craving are more susceptible to cue reactivity, particularly to visual cues, which are among
the most potent triggers due to their grounding in associative learning mechanisms[7]. These cues
act as conditioned stimuli, intensifying attentional bias toward smoking-related information,
perpetuating dependence, and undermining cessation efforts. Given the serious health risks of
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nicotine addiction—including cancer and cardiovascular disease—addressing both tonic and
phasic craving is essential for advancing treatment strategies. Laboratory-based paradigms
employing standardized visual cues may therefore provide critical translational insights for

intervention development[17-19].

The present findings confirm that cue-elicited craving can be effectively induced in nicotine-
dependent individuals through smoking-related visual stimuli. Psychometric* analyses
demonstrated that the CICT-34 possesses acceptable internal consistency;. as evidenced by
Cronbach’s alpha and McDonald’s omega values. Visual Analog Scale.(VAS) results indicated
that pictorial cues depicting smoking environments, financial transactions, and consumption
methods elicited the strongest craving responses. These outcomes are consistent with established
empirical evidence on the role of environmental and contextual cues in addiction-related

craving[20-23].

Interestingly, while significant associations emerged between craving intensity and smoking-
related variables (e.g., smoking ‘status, consumption type, paraphernalia use, environmental
contexts, financial cues, and.tobacco shop imagery), no correlations were found with demographic
factors such as age, education, marital status, or employment. A Chi-square analysis identified
only a significant relationship between gender and nicotine dependence level. This pattern mirrors
findings by Tolliver et al.[23] in methamphetamine craving, where demographic influences were
minimal. Together, these results reinforce the CICT-34’s reliability and confirm its value as a

standardized tool for craving assessment in tobacco research.

Contradictory evidence exists regarding the role of demographic variables in craving. Some studies

have reported associations between craving intensity and factors such as age, smoking duration,
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education level, and cigarette expenditure, whereas others—similar to our results—have not found

such correlations. This inconsistency parallels findings in heroin use research[24].

In addition, prior studies have documented strong relationships between nicotine dependence
severity, as measured by the Fagerstrom Test for Nicotine Dependence (FTND), and-craving
intensity[25, 26]. Although our study did not find statistically significant correlations between
dependence scores and craving responses, observed trends suggest a potential positive relationship
that warrants further exploration. It should be mentioned that the participants abstained from
smoking for at least two hours prior to testing, with sessions conducted-inthe morning to minimize
variability in craving. While this controlled for recent nicotine intake; other factors such as stress

and sleep quality were not measured, constituting a study limitation.

This work contributes a validated set of ecologically relevant smoking-related cues, confirming
their efficacy in reliably eliciting craving.among smokers. While environments and paraphernalia
emerged as particularly potent triggers, individual variability in cue responsiveness was evident,
with some participants displaying attenuated responses. Such variability may reflect cognitive—
motivational differences in.cue processing [27]. Our findings further support the use of cue-
induced craving as a potential predictor of treatment outcomes, though post-exposure interventions

were required to mitigate transient craving elevations.

The reduced eraving induction observed in some participants may be explained by methodological
and perceptual factors. Compared to dynamic stimuli (e.g., films), our static images likely elicited
lower salience, consistent with evidence that moving cues evoke stronger reactivity. Moreover,
narrative engagement during experimental tasks may have diverted attention away from subtler

embedded cues. Individual differences in cue reactivity, as well as desensitization among daily
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smokers, may also have contributed to the attenuated effects. These considerations highlight the
importance of stimulus characteristics (e.g., modality, intensity) and participant-related factors in

the design of craving paradigms.

Craving responses are dynamic, typically peaking rapidly upon cue exposure before declining
when cigarettes are unavailable. At the same time, image-based cues may influence behavior
implicitly through automatic processes [28, 29]. Although our paradigm demonstrated high
reliability among Iranian smokers, certain limitations must be acknowledged. These include
reliance on self-report measures (despite interviewer training), unverified.construct validity, and a
sample skewed toward light smokers (60% smoked 1-10 cigarettes per day). Future studies should
incorporate multimodal assessments—such as eye-tracking, Stroop or dot-probe tasks, and
neuroimaging techniques (fMRI, rTMS, tDCS)—=to provide convergent evidence and elucidate
underlying neurocircuitry. Such approaches would strengthen ecological validity while leveraging

potent visual stimuli for both research and clinical applications.

Several methodological challengesalsoarose. Recruitment of eligible participants was particularly
difficult, necessitating collaboration with mental health clinics. EEG data collection was
complicated by envirenmental noise, which required acoustically shielded rooms. Maintaining
engagement during./extended sessions proved critical, and strategies such as transparent
communication of study benefits, small non-monetary incentives, and flexible scheduling were
employed. Additionally, the use of tDCS, though generally well tolerated, was occasionally
associated with side effects (e.g., tingling, itching, drowsiness), which could be exacerbated by
electrode misplacement. While these issues were managed through methodological rigor and
participant-centered adjustments, they underscore the importance of careful design in
neurocognitive addiction research.
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Conclusion

This study demonstrates that standardized visual cues (e.g., smoking environments, paraphernalia)
reliably induce craving in nicotine-dependent individuals, with cue reactivity varying according to
dependence severity but not demographic characteristics. While static images proved ecologically
valid, their efficacy was moderated by individual differences in cue processing and by stimulus
salience. The validated CICT-34 task offers a robust framework for craving assessment-in tobacco
research. Future studies should integrate neuroimaging and real-time cognitive measures to further
elucidate craving neurocircuitry. Ultimately, these findings highlight™ the importance of
personalized interventions targeting both tonic and phasic craving-in the treatment of tobacco

addiction.
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