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Abstract

Background: Tobacco smoking is a major preventable cause of cardiovascular and respiratory morbidity worldwide. Although conventional cigarettes are strongly linked to serious chronic diseases, e-cigarettes generally result in lower toxicant exposure than conventional cigarettes but are not risk-free, and their long-term effects remain uncertain. Waterpipe smoking also contributes to harmful toxicant exposure and cardiopulmonary risks. Health sciences students who currently smoke are an important population because their tobacco-related knowledge and behaviors may influence future cessation counseling and health promotion practices.
Objectives: This study aimed to assess current-smoking health sciences students’ knowledge, attitudes, and beliefs regarding the cardiovascular and respiratory harms of cigarettes, e-cigarettes, and waterpipe smoking; examine smoking patterns and cessation perceptions; determine nicotine dependence using the Heaviness of Smoking Index (HSI); evaluate perceptions of secondhand smoke (SHS) and addictive properties; and identify factors associated with confidence to quit.
Methods: A descriptive cross-sectional multicenter study was conducted among 492 current-smoking health sciences students from universities in Saudi Arabia during the 2024–2025 academic year. Data were collected using an anonymous online questionnaire assessing demographic characteristics, tobacco use patterns, perceived health risks, cessation readiness, nicotine dependence, and tobacco-related knowledge and beliefs. Descriptive statistics, independent-samples t-tests, and one-way ANOVA were used for data analysis.
Results: Most participants were male (89.0%), aged 21–23 years (67.1%), and nursing students (48.0%). Cigarette smoking was the most common modality (40.2%), followed by e-cigarettes (27.2%) and waterpipe (24.4%). Most cigarette smokers exhibited moderate nicotine dependence (54.5%). Although knowledge of cigarette-related cardiovascular and respiratory harms was high (>90%), e-cigarettes and waterpipe were perceived as less harmful. Awareness of SHS risks and health benefits of cessation was moderate. Fewer than half (39.8%) had attempted quitting, and perceived quitting difficulty was high. Confidence to quit was moderately high and was significantly associated with age, academic performance, prior quit attempts, nicotine dependence, and perceived difficulty (p < 0.05).
Conclusion: Among current-smoking health sciences students in Saudi Arabia, knowledge of cigarette-related harms was generally strong, but gaps remain in understanding the relative risks, limitations, and cessation implications of different nicotine products. These findings support the need for comprehensive tobacco education that promotes accurate risk communication and strengthens cessation support among future healthcare professionals.
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Introduction
Tobacco use remains one of the leading preventable causes of cardiovascular and respiratory morbidity and mortality worldwide. Conventional cigarette smoking has a well-established risks for ischemic heart disease, stroke, arrhythmias, chronic obstructive pulmonary disease (COPD), and lung cancer through exposure to numerous toxic chemicals generated during tobacco burning 1-5. Waterpipe (shisha , hookah, or nargila) smoking also involves tobacco burning and has been associated with substantial exposure to nicotine, carbon monoxide, particulate matter, and other toxic substances, contributing to increased risks of cardiovascular and respiratory diseases 6,7. 
However, electronic cigarettes (e-cigarettes or vapes) represent a distinct category of nicotine products that should be interpreted within a risk continuum rather than being considered equivalent to conventional smoked tobacco products 8-10. Although e-cigarettes are not harmless and may expose users to nicotine and potentially harmful substances, evidence from major reviews indicates that exclusive e-cigarette use generally results in substantially lower exposure to several toxicants and carcinogens compared with continued cigarette smoking. Biomarker studies have demonstrated markedly lower concentrations of tobacco-related toxicants among exclusive e-cigarette users compared with exclusive cigarette smokers 10. Similarly, evidence reviews from the Office for Health Improvement and Disparities reported that vaping exposes users to a small fraction of the toxicants associated with cigarette smoking, although uncertainties remain regarding long-term health effects 10. The potential role of e-cigarettes in smoking cessation has been increasingly examined. The Cochrane review by Hartmann-Boyce et al. (2022), including 78 studies and more than 22,000 participants, found that nicotine-containing e-cigarettes were associated with higher smoking abstinence rates compared with nicotine replacement therapy and non-nicotine e-cigarettes 9. Thus, perceiving e-cigarettes as less harmful than continued cigarette smoking may reflect an accurate relative-risk understanding among adult smokers; however, e-cigarettes are not risk-free and should not be considered appropriate for nonsmokers or as completely safe products 9,10.
Health sciences students represent a particularly important population for tobacco control because they are future physicians, nurses, pharmacists, and allied health professionals who will assume key responsibilities in health promotion, patient education, and smoking cessation counseling 1,11,12. However, regional and international studies indicate persistent variability in tobacco-related knowledge, attitudes, and counseling preparedness among health professional students. Earlier studies in Saudi Arabia demonstrated limited knowledge regarding smoking-related health risks and inadequate confidence in providing cessation counseling among medical students 13,14. More recent studies continue to identify gaps in awareness of cardiovascular, respiratory, and SHS-related harms among health sciences students 15,16.
Waterpipe smoking remains a particularly important concern in Saudi Arabia and the Middle East because of its social acceptance and widespread use among young adults. Previous studies have shown that many university students underestimate the health consequences of waterpipe smoking, particularly its cardiopulmonary effects and addictive potential 6,7. Unlike e-cigarettes, waterpipe smoking involves tobacco burning and charcoal combustion, resulting in exposure to substantial levels of toxicants, including nicotine and carbon monoxide, and shares important health risks with cigarette smoking. Accurate recognition of these risks remains essential for effective tobacco prevention efforts.
Although several studies have examined tobacco use among Saudi university students, many have focused on prevalence, single disciplines, or individual tobacco products, with limited assessment of comparative risk perceptions, nicotine dependence, cessation confidence, and beliefs regarding different tobacco products 17-19. International evidence similarly demonstrates inadequate tobacco-related knowledge and limited cessation preparedness among health professional students 20-22. Furthermore, healthcare provider confidence and self-efficacy are important determinants of effective smoking cessation counseling, yet these constructs remain insufficiently explored among undergraduate health sciences students 11,12.
Accurate understanding of tobacco-related risks is essential because healthcare professionals require the ability to communicate balanced, evidence-based information about different nicotine products. Recent evidence indicates that while conventional cigarettes remain the most harmful widely used nicotine delivery product, alternative products require careful evaluation based on their relative risks, patterns of use, and potential role in smoking cessation 9,10. Complementary studies by Abdelkader et al. (2024), Abujaber et al. (2024), and Elshatarat et al. (2024) emphasize the importance of comprehensive tobacco control strategies integrating education, behavioral counseling, and cessation support 1,2,11.
To the best of our knowledge, this study represents one of the few multicenter investigations in Saudi Arabia and the Middle East examining current-smoking health sciences students across three tobacco modalities: conventional cigarettes, e-cigarettes/vapes, and waterpipe smoking. Unlike previous studies primarily focused on prevalence and general smoking behaviors, this study provides a comprehensive assessment of tobacco-related knowledge, perceived cardiovascular and respiratory risks, smoking patterns, nicotine dependence, SHS perceptions, cessation readiness, and factors associated with confidence to quit among future healthcare professionals.
Study Objectives 
The objectives of this study were to: 1) Assess current-smoking health sciences students’ knowledge, attitudes, and beliefs regarding the cardiovascular and respiratory harms of cigarette, e-cigarette, and waterpipe smoking; 2) Examine current-smoking students’ smoking history, patterns, behaviors, and cessation perceptions, including cessation planning and confidence; 3) Determine the HSI among cigarette smokers; 4) Evaluate current-smoking students’ perceptions of SHS and addictive properties of different tobacco products; and 5) Identify factors associated with confidence to quit cigarette/e-cigarette and waterpipe smoking.
Methods
Study Design
This study employed a descriptive cross-sectional design to examine smoking behaviors, knowledge, perceptions of health risks, and smoking cessation readiness among current-smoking health sciences students. This design was selected because it allows for the assessment of prevalence and associations between smoking-related variables and health perceptions at a single point in time within a defined population of current tobacco users. 
Study Setting
This multicenter study was conducted across several higher education institutions representing diverse geographic regions and educational sectors in Saudi Arabia. Data were collected from students enrolled at Vision Colleges in Riyadh representing the private sector in the central region, Madinah City representing the governmental sector in the northwestern region, Tabuk City representing the governmental sector in the northern region, and Dhahran City representing the military sector in the eastern region. These institutions offer undergraduate programs in key health disciplines, including Medicine, Nursing, and Applied Medical Sciences, ensuring broad representation of health sciences students with diverse educational and clinical training backgrounds. The inclusion of universities from multiple regions enhanced the geographic diversity and generalizability of the study findings across Saudi Arabia.
Data collection was conducted between April 2025 and August 2025 using an anonymous online survey platform, allowing students from all participating institutions to complete the questionnaire remotely and at their convenience.

Sample
A convenience sampling technique was used to recruit participants from four higher education institutions across Saudi Arabia. The study sample consisted of undergraduate health sciences students enrolled in Medicine, Nursing, Pharmacy, Dentistry, or Applied Medical Sciences programs. Eligible participants were required to be 18 years of age or older, be current smokers (cigarettes, e-cigarettes, or waterpipe), and be able to provide information regarding their knowledge, perceptions, and behaviors related to tobacco use. Students in their first academic year or above (i.e., from the third semester after completing the preparatory year), who could read and understand English and agreed to participate voluntarily, were included in the study. This criterion was applied because these students were assumed to have completed foundational health sciences courses and possess sufficient academic background to reliably understand and respond to the questionnaire. Students with diagnosed psychiatric disorders that could affect survey completion were excluded to ensure data quality and participant safety.
The minimum required sample size was estimated using G*Power software through a power analysis. The calculation was based on a two-tailed test, with a statistical power of 80%, an alpha level of 0.05, and a moderate effect size (f = 0.30). These parameters were selected to ensure adequate power for detecting meaningful differences using independent t-tests and one-way ANOVA. The estimated minimum effective sample size was 384 participants, and the final study sample included 492 participants, exceeding the calculated minimum and providing robust statistical power for all planned analyses.
Ethical Considerations
Ethical approval for this study was obtained from the Institutional Review Board (IRB) of Vision Colleges, Riyadh (Approval Number: 2024–2025/104). The study was conducted in accordance with the Declaration of Helsinki for ethical principles in human research and relevant provisions of the Health Insurance Portability and Accountability Act (HIPAA) regarding the protection of personal health information.
Participation in the study was entirely voluntary. An electronic informed consent form was included on the first page of the online survey, clearly outlining the study objectives, procedures, potential risks and benefits, confidentiality measures, and participants’ right to withdraw at any time without any penalty or impact on their academic standing. Only students who provided electronic consent were granted access to the survey.
To ensure privacy and confidentiality, no personally identifying information was collected. All data were stored securely on password-protected electronic devices and were used exclusively for research purposes. Data handling, storage, and analysis procedures adhered strictly to ethical research standards to protect participant privacy and ensure integrity throughout the study process.
Data Collection Procedure
Following IRB approval, the questionnaire was developed and administered using Google Forms. The survey link was distributed electronically through email and social media applications (WhatsApp and Telegram). Distribution was facilitated through personal student contact lists and official student group accounts accessed by the study authors, who had direct communication channels with students in the participating universities.
The first page of the online survey contained the electronic informed consent. Upon consent, participants proceeded to the questionnaire. Data collection was anonymous, and no personal identifiers were obtained. The average time required to complete the survey ranged from 10 to 15 minutes.
Study Instruments
Data were collected using structured online self-administered questionnaires. The authors used the original English versions of all tools and items, as the study population consisted of health sciences students with adequate English proficiency. The tools and questions were adopted from previous literature and included measures of demographic and academic characteristics, perceived cardiovascular and respiratory risk factors, and knowledge, beliefs, and perceptions regarding smoking harms and benefits. In addition, validated and reliable instruments were used to assess smoking history and patterns and nicotine dependence using the HSI. The final questionnaire was composed of six main sub-scale sections, as described below.
Demographic and Academic Characteristics
This section captured participants’ sociodemographic and academic profiles, including age, gender, academic year, discipline, grade point average (GPA), living status, monthly income, and chronic health conditions.
The chronic health conditions (including hypertension, diabetes mellitus, hyperlipidemia, asthma, COPD, and other conditions) were assessed as self-reported health status indicators rather than clinically verified diagnoses. These variables were included to reflect participants’ perceived health background and were used as contextual factors in examining their associations with smoking behaviors, risk perceptions, and cessation confidence within the study framework.
Perceived Cardiovascular and Respiratory Risk Factors
This section assessed participants’ self-reported cardiovascular and respiratory risk factors. Cardiovascular risk factors included the presence of hypertension, diabetes mellitus, hyperlipidemia, and a family history of CVD. Respiratory conditions included asthma, chronic bronchitis, COPD/emphysema, recurrent respiratory infections, and exertional dyspnea 23-25. Participants also reported their height and weight, from which body mass index (BMI) was calculated and categorized according to standard World Health Organization classifications 24,26. This section aimed to determine participants’ perceived personal health risks in relation to smoking exposure.
Smoking History and Patterns
Participants’ smoking behaviors were comprehensively assessed for cigarettes, e-cigarettes, and waterpipe use. Items included smoking status, age of smoking initiation, duration of smoking, initiation context (friends, family, or alone), frequency of cigarette and e-cigarette use, and weekly frequency of waterpipe smoking. Additional items evaluated waterpipe-sharing behavior, preferred smoking locations (home, cafés, restaurants, or public places), and monthly smoking expenditure. These items were adapted from the Global Adult Tobacco Survey (GATS) and the Waterpipe (Narghile) Smoking Questionnaire, both of which are internationally recognized, validated instruments for assessing tobacco use behaviors 23,25,27-29.
Smoking Cessation Perceptions
This section evaluated participants’ perceptions and readiness regarding smoking cessation. It included items on previous quit attempts, perceived difficulty of quitting, motivation to quit, willingness to quit within the next three months, and confidence in quitting 12,30,31. Willingness and confidence were measured using a numerical scale ranging from 0 to 10, where higher scores indicated greater readiness and self-efficacy. These items were adapted from standardized smoking cessation readiness and behavior change models, including the Transtheoretical Model of Change and validated self-efficacy scales used in tobacco cessation research 12,30-33.
Heaviness of Smoking Index 
Nicotine dependence among cigarette smokers was measured using the HSI, a validated two-item scale derived from the Fagerström Test for Nicotine Dependence 34,35. The HSI assesses (1) the time to the first cigarette after waking and (2) the number of cigarettes smoked per day. Total scores range from 0 to 6 and were categorized as low dependence (0–1), moderate dependence (2–4), and high dependence (5–6). The HSI is widely used in epidemiological and clinical research due to its brevity and strong predictive validity for nicotine dependence 34-36.
Knowledge, Beliefs, and Perceptions Regarding Smoking Harms and Benefits
This sub-scale assessed participants’ knowledge and perceptions of the cardiovascular and respiratory health hazards, health risks of SHS, and perceived addictive properties associated with cigarette, e-cigarette, and waterpipe smoking. Knowledge and perception items were measured using dichotomous (yes/no) responses to determine participants’ awareness of specific health risks and addiction-related characteristics of each tobacco product 31,37,38.
In addition, this sub-scale evaluated participants’ beliefs regarding the health benefits of smoking cessation. Participants were asked to respond to statements such as: “If a person has smoked for more than 20 years, there is little benefit to quitting.” Responses were recorded using a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree), with higher scores indicating stronger beliefs in the benefits of smoking cessation 31,37,38. 
All items in this sub-scale were adapted from previously validated tobacco knowledge and perception instruments used in large population-based tobacco studies, ensuring content validity and comparability with international research 31,37-39.
This structured and multidimensional measurement approach ensured comprehensive coverage of smoking behaviors, health risks, cessation readiness, and addiction perceptions among health sciences students. The use of validated tools and standardized measures strengthens the methodological rigor and enhances the comparability of the findings with international tobacco research.
Pilot Study and Instrument Reliability
Content validity of the questionnaire was established through evaluation by a panel of four experts with extensive experience in nursing, public health, and epidemiology. The experts reviewed the instrument for relevance, clarity, wording, and comprehensiveness of the items in relation to the study objectives. Their feedback was used to refine the wording of several questions, improve clarity, and ensure cultural and contextual appropriateness.
A pilot study was conducted prior to the main data collection to assess the feasibility, clarity, and preliminary reliability of the questionnaire. Twenty-four eligible health sciences students who met the study inclusion criteria were recruited for the pilot testing through convenience sampling. These participants completed the questionnaire and were subsequently interviewed to obtain feedback regarding the clarity of items, length of the survey, and overall ease of completion. Minor modifications were made based on their feedback, mainly related to simplifying item wording and improving the response layout. Data from the pilot study were not included in the final analysis.
Instrument reliability was evaluated using internal consistency analysis. Cronbach’s alpha coefficients for the main sub-scales—knowledge of smoking-related harms, perceptions of secondhand smoke (SHS), beliefs regarding addiction, and cessation-related perceptions—ranged from 0.79 to 0.93. Specifically, the highest reliability was observed for knowledge of smoking-related harms (α = 0.93), followed by perceptions of SHS (α = 0.88), beliefs regarding addiction (α = 0.81), and cessation-related perceptions (α = 0.79). Overall, these findings indicate acceptable to excellent internal consistency across all domains, supporting the reliability of the instrument for use in the study population.
Data Analysis
Data were analyzed using IBM SPSS Statistics (version 23). Descriptive statistics, including frequencies, percentages, means, and standard deviations, were used to summarize participants’ demographic characteristics, smoking behaviors, knowledge levels, nicotine dependence, and cessation-related perceptions.
Inferential analyses were conducted using independent-samples t-tests to examine differences between two groups and one-way analysis of variance (ANOVA) to compare mean differences across multiple groups. When ANOVA results were statistically significant, post hoc tests were performed to identify specific group differences. All statistical tests were two-tailed, and statistical significance was set at p < 0.05.
For analytical purposes, cigarette and e-cigarette smokers were combined into a single category in selected analyses. This approach was adopted because both products represent inhaled nicotine delivery systems with overlapping behavioral and cessation-related characteristics, including similar constructs of nicotine dependence, quit intention, and self-efficacy. In addition, combining these groups improved statistical stability and analytical power by avoiding small subgroup sizes that could compromise reliable estimation and increase the risk of type II error. This classification therefore allowed for more robust comparison of broader inhaled nicotine use patterns while maintaining consistency across key outcome measures such as initiation age, smoking duration, and cessation confidence.
Results
Participant Demographics
A total of 492 health sciences students from Saudi universities participated in the study (Table 1), the majority of whom were aged 21–23 years (67.1%), predominantly male (89.0%), and mainly in their fourth academic year (28.3%). Nearly half were nursing students (48.0%), followed by medicine (20.7%), pharmacy (16.1%), applied medical sciences (12.2%), and dentistry (3.0%). Most participants had a GPA between 3.0–3.99 (56.5%). In terms of living status, the majority lived with their families (353 students, 71.7%), while the remainder lived with peers (139 students, 28.3%). Most students reported a monthly personal income of 1000–2000 SAR (79.0%). The majority reported no chronic health conditions (77.4%), while smaller proportions reported respiratory conditions (9.6%), CVDs (5.1%), or other chronic conditions (7.9%).
Perceptions of Cardiovascular and Respiratory Risk Factors
Participants’ self-reported perceptions of having cardiovascular and respiratory risk factors are presented in Table 2. Hypertension was reported by 9.0%, while 12.6% reported a family history of CVD. Diabetes mellitus was reported by 6.5%, and hyperlipidemia by 8.1%. Regarding BMI, 42.7% had normal BMI (18.5–24.9 kg/m²), 40.2% were overweight (25–29.9 kg/m²), and 17.1% were obese (30–39.9 kg/m²).
For respiratory risks, asthma was reported by 4.9%, chronic bronchitis by 7.3%, and COPD/emphysema by 2.4%. Frequent respiratory infections were reported by 10.6%, and 9.0% experienced shortness of breath during activity. 
Smoking History, Patterns, and Cessation Perceptions
As shown in Table 3, cigarettes were the most common type of smoking used (40.2%), followed by e-cigarettes (27.2%), waterpipe (24.4%), and multiple types (8.1%). Among cigarette/e-cigarette smokers (n=250), most started smoking between ages 18–20 years (44.0%), while 27.2% began at ages 15–17 years. Over half (52.8%) had been smoking for 1–3 years, and 28.0% had smoked for more than three years. The majority (68.0%) initiated smoking with friends, 16.8% started alone, and 15.2% with family members. Among waterpipe smokers (n=142), 42.3% started between ages 18–20, with 21.1% starting at 15–17 years. Most participants smoked more than 5 waterpipes per week (43.7%), and 64.8% shared waterpipes with others. Waterpipe smoking most frequently occurred at home (43.7%) or in cafes/restaurants (35.2%).
Regarding smoking cessation perceptions, fewer than half of the smokers (39.8%) reported having made at least one previous attempt to quit, whereas the majority (60.2%) had never attempted cessation. Nearly half of the participants (48.0%) perceived quitting smoking as difficult, 40.2% perceived it as moderately difficult, and only 11.8% considered quitting to be easy. Motivation to quit smoking was generally moderate, as reported by 43.1% of participants, while 28.5% expressed high motivation to quit and an equal proportion (28.5%) reported low motivation. 
With respect to short-term cessation intentions, cigarette and e-cigarette smokers demonstrated a moderate level of serious willingness to quit within the next three months (mean = 6.4 ± 3.62 out of 10), whereas waterpipe smokers showed slightly lower willingness (mean = 5.7 ± 3.89). Similarly, confidence in the ability to quit within the next three months was moderate to relatively high among cigarette/e-cigarette smokers (mean = 6.5 ± 3.71), but somewhat lower among waterpipe smokers (mean = 5.9 ± 3.74). 
Nicotine Dependence and Heaviness
The HSI among cigarette smokers (Table 4) showed that most participants had medium nicotine dependence (54.5%), followed by high dependence (25.3%) and low dependence (20.2%). Daily cigarette consumption varied, with 44.4% smoking 11–20 cigarettes/day. The time to the first cigarette after waking was within 6–30 minutes for 43.4% of smokers.
Knowledge, Beliefs, and Perceptions Regarding Health Hazards and Benefits
Table 5 presents participants’ knowledge and beliefs about the health hazards, SHS risks, health benefits of cessation, and addictive properties of cigarettes, e-cigarettes, and waterpipe. For health hazards to smokers, most participants recognized that cigarettes cause heart disease (93.9%), lung cancer (94.5%), and chronic bronchitis/COPD (90.0%). E-cigarettes were perceived as less harmful, with 62.6% identifying heart disease risk. Waterpipe smoking was also recognized as harmful, with 69.7% reporting cardiovascular risk. SHS risks were acknowledged by most participants for cigarettes, including heart disease in non-smokers (81.1%) and respiratory diseases in children (87.6%). Fewer participants recognized these risks for e-cigarettes (52.6–57.1%) and waterpipe smoking (60.0–79.1%).
Regarding the health benefits of cessation, participants strongly agreed that quitting cigarettes reduces the risk of heart disease (4.6 ± 0.72) and lung cancer (4.7 ± 0.70), whereas beliefs in cessation benefits for e-cigarettes were slightly lower (3.5–3.9). Most participants perceived smoking as physically addictive (94.3% for cigarettes) and psychologically addictive (91.9%). Difficulty in quitting, cravings, and withdrawal symptoms were also widely recognized, though e-cigarettes were perceived as less addictive than cigarettes.
Factors Associated with Confidence to Quit Smoking
Table 6 summarizes factors associated with confidence to quit cigarettes/e-cigarettes and waterpipe smoking. Confidence to quit cigarette/e-cigarette smoking was higher among older participants (≥21 years), males, students in higher academic years, students with GPA 4.0–5.0, and those with previous quit attempts (p < 0.05). Confidence decreased among those with cardiovascular or respiratory conditions and those perceiving quitting as difficult.
For waterpipe smokers, confidence to quit was higher among students with higher GPA and those living with family, while previous quit attempts and lower perceived difficulty were also associated with higher confidence (p < 0.05). Motivation to quit and lower nicotine dependence were significantly associated factors for both cigarette/e-cigarette and waterpipe smokers.
Discussion
The present study provides important evidence regarding tobacco-related knowledge, attitudes, behaviors, and cessation perceptions among current-smoking undergraduate health sciences students in Saudi Arabia, with particular emphasis on cardiovascular and respiratory risk perceptions. Overall, the findings indicate that although students demonstrated relatively high awareness of the established harms associated with cigarette smoking, variability remained in their understanding of the health implications of different nicotine products, SHS, and cessation-related issues. Importantly, perceptions regarding e-cigarettes require interpretation within a risk continuum framework: recognizing e-cigarettes as less harmful than continued cigarette smoking does not necessarily represent a misconception among adult smokers, although beliefs that e-cigarettes are completely safe or appropriate for nonsmokers remain unsupported by current evidence 8-10. Major evidence reviews indicate that exclusive e-cigarette use generally results in lower exposure to several harmful toxicants compared with continued cigarette smoking, while long-term clinical effects remain under investigation 9,10. In contrast, waterpipe smoking involves tobacco and charcoal combustion and remains associated with substantial exposure to nicotine, carbon monoxide, and other toxic substances, resulting in important cardiopulmonary health risks 6,7.
The decision to combine cigarette and e-cigarette users in selected analyses was based on their shared characteristics as inhaled nicotine delivery products and the limited number of participants within individual product groups, which restricted statistical power for separate comparisons. However, this approach may reduce the ability to identify product-specific differences in smoking patterns, dependence, and cessation perceptions. Therefore, findings involving cigarette/e-cigarette users should be interpreted as reflecting characteristics of inhaled nicotine product users rather than identical risks or behaviors across these products.
Comparison with Saudi Studies on Knowledge and Awareness of Smoking Harms
The findings regarding knowledge of cigarette-related harms are consistent with previous studies among Saudi health sciences students. Jradi and Al-Shehri (2014) reported limited knowledge regarding tobacco-related health consequences and inadequate confidence in smoking cessation counseling among Saudi medical students 14. Similarly, Al-Haqwi et al. (2010) found that medical students demonstrated incomplete understanding of tobacco-related health risks despite their advanced educational background 13. These findings, together with the present results, suggest that progression through health sciences education alone may not ensure comprehensive tobacco-related competency unless structured tobacco prevention and cessation content is explicitly integrated into curricula 13-15,40.
More recent evidence continues to demonstrate variability in tobacco-related knowledge among Saudi students. Alzahrani et al. (2020) reported that awareness of SHS-related risks among medical students remained incomplete, particularly regarding less commonly emphasized cardiovascular and respiratory consequences 41. Similarly, Alanazi et al. (2025) identified important gaps in students’ knowledge of cigarette and waterpipe-related harms 15. In the current study, lower awareness of certain tobacco-related risks may reflect differences in educational exposure and the complexity of communicating relative risks across different nicotine products rather than a simple lack of knowledge.
The interpretation of e-cigarette-related perceptions requires particular caution. Students who perceived e-cigarettes as less harmful than cigarettes may reflect an understanding consistent with current evidence showing reduced toxicant exposure among exclusive e-cigarette users compared with cigarette smokers 9,10,42. However, perceptions that e-cigarettes are harmless or without potential health consequences remain inaccurate because e-cigarettes can expose users to nicotine and other potentially harmful substances, and their long-term effects remain uncertain 8-10. Therefore, health education should focus on communicating balanced, evidence-based risk information rather than presenting all nicotine products as having equivalent levels of harm.
Behavioral Patterns and Risk Perceptions Regarding Tobacco Products
The present study identified important differences in perceptions regarding various tobacco products. While cigarette smoking remains the most established cause of tobacco-related cardiovascular, respiratory, and oncologic diseases, waterpipe smoking continues to represent a significant public health concern because of its combustion process and substantial toxicant exposure 1,2,9. Previous studies among Saudi university students have demonstrated that waterpipe smoking is frequently perceived as less harmful than cigarettes, despite evidence indicating exposure to high levels of carbon monoxide, nicotine, and other toxic compounds 6,27.
Almalki et al. (2024) reported that university students often underestimated the cardiopulmonary risks associated with waterpipe smoking, which may contribute to its social acceptance and continued use among young adults 17. Similarly, Khan et al. (2022) found that many students in Saudi Arabia demonstrated limited awareness of the respiratory and cardiovascular consequences of waterpipe smoking 7. These findings are consistent with the current study and highlight the need for targeted educational interventions addressing waterpipe-specific risks.
For e-cigarettes, educational interventions should avoid framing relative-risk perceptions as incorrect when students recognize that vaping may be less harmful than continued cigarette smoking. Instead, interventions should emphasize that lower relative risk does not indicate absence of risk and should clearly distinguish between adult smokers seeking alternatives and populations for whom e-cigarette use is not recommended, including youth and never-smokers 9,10.
Implications for Education, Clinical Practice, and Public Health Policy
The findings of this study have important implications for tobacco education, clinical practice, and public health policy. Educational programs should emphasize the well-established harms of conventional cigarette and waterpipe smoking while promoting an evidence-based understanding of the relative risks of different nicotine products 43-45. Although e-cigarettes are not risk-free, current evidence indicates that exclusive e-cigarette use exposes users to substantially fewer toxicants than continued conventional cigarette smoking, whereas waterpipe smoking involves tobacco and charcoal combustion and is associated with significant cardiopulmonary health risks 1,2,6,8-10. Therefore, tobacco education should help students distinguish between the established harms of combustible tobacco products and the lower, although not negligible, risks associated with e-cigarettes, while correcting misconceptions that e-cigarettes are completely harmless or appropriate for non-smokers 8,9.
The findings also support integrating structured tobacco education and smoking cessation training into undergraduate health sciences curricula. Strengthening students' competencies in nicotine dependence management, evidence-based risk communication, and smoking cessation counseling may improve their preparedness to deliver accurate, patient-centered tobacco interventions in future clinical practice 1,2,11. Such training should also address the persistent underestimation of waterpipe-related harms and equip future healthcare professionals with the knowledge and confidence needed to communicate balanced, evidence-based information about different nicotine products 11,12,20,30.
Study Strengths and Limitations
This multicenter study provides a comprehensive assessment of tobacco-related behaviors, nicotine dependence, cessation readiness, risk perceptions, and beliefs regarding different nicotine products among current-smoking health sciences students. The inclusion of students from multiple universities and the use of standardized measures, including the HSI, enhance the methodological strength and relevance of the findings.
However, several limitations should be considered. Convenience sampling, online recruitment, and the English-language questionnaire may have introduced selection bias. The cross-sectional design limits causal interpretation, and findings should be considered as associations only. The predominantly male and nursing-focused sample may reduce generalizability to other health sciences disciplines and female students. Self-reported smoking behaviors may be affected by recall or social desirability bias, and the absence of biochemical verification and a non-smoking comparison group limits broader interpretation. Additionally, combining cigarette and e-cigarette users in some analyses due to subgroup size limitations may have reduced the ability to identify product-specific differences; future studies with larger samples should examine these groups separately.
Conclusion

This multicenter study provides important insights into tobacco-related knowledge, beliefs, behaviors, and cessation readiness among current-smoking health sciences students in Saudi Arabia. Although students demonstrated good awareness of the established cardiovascular and respiratory harms of cigarette smoking, gaps remained in understanding waterpipe-related risks and interpreting the relative risks of emerging nicotine products such as e-cigarettes. The findings emphasize the need for balanced, evidence-based tobacco education that distinguishes between the well-established harms of smoked tobacco products and the lower, but not absent, risks associated with alternative nicotine products.
The presence of moderate nicotine dependence, limited quit attempts, and challenges with cessation confidence highlights the need for stronger cessation support within university settings. Integrating comprehensive tobacco education, nicotine dependence management, and practical cessation counseling skills into health sciences curricula may better prepare future healthcare professionals to deliver accurate, patient-centered tobacco prevention and cessation interventions.
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Tables

	Table 1. Demographic Characteristics of the Participants (N = 492)

	Variable
	Category
	n (%)

	Age (years)
	18–20
	65 (13.2%)

	 
	21–23
	330 (67.1%)

	 
	≥24
	97 (19.7%)

	Gender
	Male
	438 (89.0%)

	 
	Female
	54 (11.0%)

	University Level / Academic Year
	First year
	79 (16.1%)

	 
	Second year
	96 (19.5%)

	 
	Third year
	112 (22.8%)

	 
	Fourth year
	139 (28.3%)

	 
	Internship year
	66 (13.4%)

	College / Discipline
	Medicine
	102 (20.7%)

	 
	Nursing
	236 (48.0%)

	 
	Pharmacy
	79 (16.1%)

	 
	Applied Medical Sciences
	60 (12.2%)

	 
	Dentistry
	15 (3.0%)

	Grade Point Average (GPA)
	<3.0
	54 (11.0%)

	 
	3.0–3.99
	278 (56.5%)

	 
	4.0–5.0
	160 (32.5%)

	Living Status
	With family
	353 (71.7%)

	 
	With peers
	139 (28.3%)

	Monthly Personal Income / Allowance
	<1000 SAR
	22 (4.5%)

	 
	1000–2000 SAR
	389 (79.0%)

	 
	>2000 SAR
	81 (16.5%)

	Confirmed of having Chronic Health Conditions
	None
	381 (77.4%)

	 
	Respiratory (e.g., asthma)
	47 (9.6%)

	 
	Cardiovascular (e.g, hypertension) 
	25 (5.1%)

	 
	Other
	39 (7.9%)



















	Table 2. Participants’ Perceptions of Having Cardiovascular and Respiratory Risk Factors 

	Risk Factor
	Yes
n (%)
	Not Sure
n (%)
	No
n (%)

	Cardiovascular Risk Factors
	
	
	

	Hypertension
	44 (9.0%)
	98 (19.9%)
	350 (71.1%)

	CVD family history
	62 (12.6%)
	110 (22.4%)
	320 (65.0%)

	Diabetes mellitus
	32 (6.5%)
	88 (17.9%)
	372 (75.6%)

	Hyperlipidemia
	40 (8.1%)
	92 (18.7%)
	360 (73.2%)

	Body Mass Index (BMI) kg/m²
	
	
	

	Normal (18.5–24.9)
	210 (42.7%)
	–
	–

	Overweight (25.0–29.9)
	198 (40.2%)
	–
	–

	Obese (30.0–39.9)
	84 (17.1%)
	–
	–

	Respiratory Risk Factors
	
	
	

	Asthma
	24 (4.9%)
	32 (6.5%)
	436 (88.6%)

	Chronic bronchitis
	36 (7.3%)
	52 (10.6%)
	404 (82.1%)

	COPD / Emphysema
	12 (2.4%)
	36 (7.3%)
	444 (90.2%)

	Frequent respiratory infections (cold, bronchitis)
	52 (10.6%)
	88 (17.9%)
	352 (71.5%)

	Shortness of breath during activity
	44 (9.0%)
	80 (16.3%)
	368 (74.8%)


































	Table 3. Smoking History, Patterns, Behaviors, and Cessation Perceptions

	Variable
	Category
	n (%)

	Type of Smoking Used
	Cigarettes only
	198 (40.2%)

	 
	E-cigarettes only
	134 (27.2%)

	 
	Waterpipe (Shisha) only
	120 (24.4%)

	 
	Multiple types
	40 (8.1%)

	Smoking History and Patterns
	 
	

	Age started smoking cigarettes/e-cigarettes (years) (N=250)
	<15
	20 (8.0%)

	 
	15–17
	68 (27.2%)

	 
	18–20
	110 (44.0%)

	 
	>20
	52 (20.8%)

	Number of years smoking cigarettes/e-cigarettes (N=250)
	<1 year
	48 (19.2%)

	 
	1–3 years
	132 (52.8%)

	 
	>3 years
	70 (28.0%)

	How did you start smoking cigarettes/e-cigarettes? (N=250)
	Alone
	42 (16.8%)

	 
	With friend(s)
	170 (68.0%)

	 
	With family member(s)
	38 (15.2%)

	Age started smoking waterpipe (years) (N=142)
	<15
	10 (7.0%)

	 
	15–17
	30 (21.1%)

	 
	18–20
	60 (42.3%)

	 
	>20
	42 (29.6%)

	Number of waterpipes smoked per week (N=142)
	1–2
	32 (22.5%)

	 
	3–5
	48 (33.8%)

	 
	>5
	62 (43.7%)

	How did you start smoking waterpipes? (N=142)
	Alone
	18 (12.7%)

	 
	With friend(s)
	90 (63.4%)

	 
	With family member(s)
	34 (23.9%)

	Currently smoke waterpipes (N=142)
	Alone
	20 (14.1%)

	 
	With friend(s)
	90 (63.4%)

	 
	With family member(s)
	32 (22.5%)

	Place of usual waterpipe smoking (N=142)
	Home
	62 (43.7%)

	 
	Cafe/restaurant
	50 (35.2%)

	 
	Other / no particular place
	30 (21.1%)

	Share waterpipe with others (N=142)
	Yes
	92 (64.8%)

	 
	No
	50 (35.2%)

	Monthly cost of smoking (SAR)
	<100
	87 (17.7%)

	 
	100–200
	130 (26.4%)

	 
	>200
	275 (55.9%)

	Smoking Cessation Perceptions / Beliefs
	 
	

	Previous attempts to quit smoking
	Yes
	196 (39.8%)

	 
	No
	296 (60.2%)

	Perceived difficulty in quitting smoking
	Easy
	58 (11.8%)

	 
	Moderate
	198 (40.2%)

	 
	Difficult
	236 (48.0%)

	Motivation to quit smoking
	Low
	140 (28.5%)

	 
	Moderate
	212 (43.1%)

	 
	High
	140 (28.5%)

	Smoking cessation plan and confidence
	Mean (out of 10)
	SD*

	Serious willingness to quit cigarette/e- cigarette smoking in the next 3 months (n=250)
	6.4
	± 3.62

	Serious willingness to quit waterpipe smoking in the next 3 months (N=142)
	5.7
	± 3.89

	Confidence in quitting cigarette/e- cigarette smoking in the next 3 months (n=250)
	6.5
	± 3.71

	Confidence in quitting waterpipe smoking in the next 3 months (N=142)
	5.9
	± 3.74













































	Table 4. Heaviness of Smoking Index (HSI) Among Cigarette Smokers (N = 198)

	Variable
	Category
	Points (scores)
	n (%)

	Number of cigarettes smoked per day
	1–10 cigarettes
	0
	42 (21.2%)

	 
	11–20 cigarettes
	1
	88 (44.4%)

	 
	21–30 cigarettes
	2
	50 (25.3%)

	 
	≥31 cigarettes
	3
	18 (9.1%)

	Time to first cigarette after waking
	Within 5 minutes
	3
	32 (16.2%)

	 
	6–30 minutes
	2
	86 (43.4%)

	 
	31–60 minutes
	1
	60 (30.3%)

	 
	More than 60 minutes
	0
	20 (10.1%)

	Nicotine Dependence (HSI Score)
	Low 
	(0–1)
	40 (20.2%)

	 
	Medium
	(2–4)
	108 (54.5%)

	 
	High 
	(5–6)
	50 (25.3%)





































	Table 5. Participants’ Knowledge, Beliefs, and Perceptions About Health Benefits, Health Hazards, Secondhand Smoke, and Addictive Properties of Cigarette, E-cigarette, and Waterpipe Smoking

	Variables
	Cigarettes
n (%) or Mean (SD)
	E-cigarettes n (%) or Mean (SD)
	Waterpipe 
n (%) or Mean (SD)

	Health Hazards on Smokers 
	
	
	

	Causes heart disease / cardiovascular problems
	462 (93.9%)
	308 (62.6%)
	343 (69.7%)

	Causes stroke
	418 (85.0%)
	282 (57.3%)
	312 (63.4%)

	Causes high blood pressure
	387 (78.7%)
	268 (54.5%)
	298 (60.6%)

	Causes diabetes / metabolic issues
	224 (45.5%)
	158 (32.1%)
	176 (35.8%)

	Causes lung cancer
	465 (94.5%)
	293 (59.6%)
	408 (82.9%)

	Causes chronic bronchitis / COPD
	443 (90.0%)
	259 (52.6%)
	398 (80.9%)

	Causes emphysema / respiratory disease
	430 (87.4%)
	252 (51.2%)
	384 (78.0%)

	Causes shortness of breath / reduced exercise tolerance
	382 (77.6%)
	219 (44.5%)
	332 (67.5%)

	Health Hazards of Secondhand Smoke
	
	
	

	Causes heart disease in non-smokers
	399 (81.1%)
	276 (56.1%)
	309 (62.8%)

	Causes stroke in non-smokers
	372 (75.6%)
	259 (52.6%)
	295 (60.0%)

	Causes respiratory diseases in children
	431 (87.6%)
	281 (57.1%)
	389 (79.1%)

	Causes lung cancer in non-smokers
	421 (85.6%)
	269 (54.7%)
	379 (77.0%)

	Worsens existing respiratory conditions
	400 (81.3%)
	251 (51.0%)
	362 (73.6%)

	SHS exposure increases general health risks
	412 (83.7%)
	262 (53.3%)
	349 (70.9%)

	Health Benefits of Smoking Cessation for Smokers *
	
	
	

	Reduces risk of heart disease / cardiovascular problems
	4.6 (0.72)
	3.9 (0.88)
	4.1 (0.81)

	Reduces risk of stroke
	4.5 (0.75)
	3.8 (0.91)
	4.0 (0.83)

	Reduces high blood pressure
	4.4 (0.78)
	3.7 (0.94)
	3.9 (0.86)

	Reduces risk of lung cancer
	4.7 (0.70)
	3.8 (0.89)
	4.2 (0.79)

	Improves respiratory health (reduces chronic bronchitis/COPD symptoms)
	4.5 (0.74)
	3.6 (0.96)
	4.1 (0.82)

	Improves shortness of breath / exercise tolerance
	4.4 (0.77)
	3.5 (0.98)
	4.0 (0.84)

	General improvement in overall health and well-being
	4.7 (0.69)
	3.8 (0.90)
	4.2 (0.78)

	Perception of Addictive Property of smoking
	
	
	

	Smoking is physically addictive
	464 (94.3%)
	287 (58.3%)
	331 (67.3%)

	Smoking is mentally / psychologically addictive
	452 (91.9%)
	305 (62.0%)
	338 (68.7%)

	Difficulty in quitting reflects addiction
	431 (87.6%)
	269 (54.7%)
	319 (64.8%)

	Cravings for nicotine occur regularly
	445 (90.4%)
	251 (51.0%)
	307 (62.4%)

	Withdrawal symptoms occur if unable to smoke
	437 (88.8%)
	218 (44.3%)
	286 (58.1%)

	Smoking is more addictive than perceived by peers
	384 (78.0%)
	192 (39.0%)
	259 (52.6%)


* Items were based on the statement: “If a person has smoked for more than 20 years, there is little benefit to quitting.” Responses used a 5-point scale (1 = Strongly disagree to 5 = Strongly agree). Higher scores indicate stronger belief in cessation benefits.













	Table 6. Associated Factors of Confidence to Quit Cigarette/e-Cigarette and Waterpipe Smoking (0–10 Scale)

	Variable
	Category
	Cigarette/e-cigarette smokers
	Waterpipe smokers

	 
	 
	Mean (SD)
	Statistical value
	P value
	Mean (SD)
	Statistical value
	P value

	Age (years)
	<21
	5.8 (3.1)
	t = 1.91
	0.057
	4.5 (3.0)
	t = 1.18
	0.240

	 
	≥21
	6.4 (3.2)
	
	
	4.9 (3.1)
	
	

	Gender
	Male
	6.3 (3.2)
	t = 2.34
	0.020
	4.9 (3.1)
	t = 1.63
	0.105

	 
	Female
	5.4 (3.1)
	
	
	4.3 (2.9)
	
	

	Academic Level
	<2nd year
	5.7 (3.1)
	t = 2.10
	0.037
	4.4 (2.9)
	t = 1.40
	0.164

	 
	≥3rd year
	6.5 (3.2)
	
	
	5.0 (3.1)
	
	

	College / Discipline
	Medicine
	6.6 (3.0)
	F = 3.84
	0.024
	5.1 (3.0)
	F = 2.01
	0.138

	 
	Nursing
	6.1 (3.3)
	
	
	4.7 (3.1)
	
	

	 
	Others
	5.5 (3.2)
	
	
	4.3 (3.0)
	
	

	GPA
	<3.0
	5.4 (3.0)
	F = 4.12
	0.018
	4.2 (2.9)
	F = 3.05
	0.041

	 
	3.0–3.99
	6.1 (3.2)
	 
	
	4.8 (3.1)
	
	

	 
	4.0–5.0
	6.7 (3.1)
	 
	
	5.1 (3.2)
	
	

	Living Status
	With family
	6.2 (3.1)
	t = 1.48
	0.141
	4.9 (3.1)
	t = 2.42
	0.017

	 
	With peers
	5.7 (3.3)
	
	
	4.2 (2.9)
	
	

	Monthly Income
	<1000 SAR
	5.6 (3.2)
	t = 2.52
	0.012
	4.3 (3.0)
	t = 1.24
	0.217

	 
	1000–2000 SAR
	6.6 (3.1)
	
	
	5.0 (3.1)
	
	

	Chronic Health Conditions
	None
	6.3 (3.1)
	F = 10.12
	0.012
	4.8 (3.1)
	F = 7.61
	0.042

	 
	Respiratory
	5.4 (3.3)
	
	
	4.1 (2.8)
	
	

	 
	Cardiovascular
	5.1 (3.4)
	
	
	4.0 (2.7)
	
	

	 
	Other
	6.0 (3.2)
	
	
	4.7 (3.0)
	
	

	Age Started Smoking
	<18
	5.7 (3.3)
	t = 2.19
	0.029
	4.4 (3.0)
	t = 1.28
	0.204

	 
	18–20
	6.5 (3.0)
	
	
	5.0 (3.1)
	
	

	Years of Smoking
	<3 years
	6.7 (3.0)
	t = 3.41
	0.001
	5.2 (3.0)
	t = 2.25
	0.026

	 
	≥3 years
	5.5 (3.3)
	
	
	4.1 (3.1)
	
	

	How Smoking Started
	Alone
	5.5 (3.2)
	F = 4.72
	0.003
	4.2 (3.0)
	F = 3.12
	0.047

	 
	Friends
	6.5 (3.1)
	
	
	5.0 (3.1)
	
	

	 
	Family
	6.0 (3.2)
	
	
	4.6 (3.0)
	
	

	Monthly Smoking Cost
	<200 SAR
	5.7 (3.3)
	t = 2.70
	0.008
	4.3 (2.9)
	t = 2.05
	0.042

	 
	≥200 SAR
	6.6 (3.0)
	
	
	5.1 (3.2)
	
	

	Previous Quit Attempts
	Yes
	6.9 (3.0)
	t = 4.62
	<0.001
	5.4 (3.0)
	t = 3.08
	0.003

	 
	No
	5.2 (3.2)
	
	
	4.1 (3.1)
	
	

	Perceived Difficulty
	Easy
	7.4 (2.8)
	F = 9.82
	<0.001
	5.8 (3.0)
	F = 5.11
	0.008

	 
	Moderate
	6.1 (3.1)
	
	
	4.8 (3.1)
	
	

	 
	Difficult
	4.9 (3.2)
	
	
	3.9 (2.8)
	
	

	Motivation to Quit
	Low
	4.8 (3.0)
	F = 14.28
	0.001
	3.8 (2.8)
	F = 10.14
	0.006

	 
	Moderate
	6.4 (3.1)
	
	
	4.8 (3.1)
	
	

	 
	High
	7.5 (2.9)
	
	
	5.6 (3.0)
	
	

	Nicotine Dependence (HSI)
	Low
	7.1 (2.8)
	F = 9.01
	<0.001
	5.5 (3.0)
	F = 6.08
	0.004

	 
	Medium
	6.0 (3.1)
	
	
	4.7 (3.1)
	
	

	 
	High
	4.8 (3.3)
	
	
	3.9 (2.9)
	
	


[bookmark: _GoBack]* Significant p-values (<0.05) are shown in bold
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