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Abstract: Background/Objectives: Oral nicotine pouches (ONPs) have rapidly gained popularity as 
a novel nicotine delivery method. However, data on ONP use, awareness, and associated beliefs in 
Saudi Arabia remain limited. This study aimed to investigate these aspects among adults in Riyadh 
region. Methods: A cross-sectional survey was conducted in 2024 involving 831 Saudi adults (age ≥ 
18 years). Participants completed a self-administered questionnaire assessing ONP awareness, 
prevalence, beliefs, and susceptibility as well as potential associated ONP use symptoms. Logistic 
and multinomial regression models were employed to analyze the associations between these 
variables. Results: Overall, 59.3% of participants reported awareness of ONPs, and 14.2% having 
used them. Males were more aware (ORadj= 1.97, p< 0.0001) and user (ORadj= 2.86, p= 0.03) of ONP 
than females. Similarly, younger adults (aged 18-29 and 30-39 years) demonstrated higher ONP 
awareness (ORadj= 4.67 and 4.88, respectively, both p< 0.0001) and use (ORadj= 6.91, p< 0.002 and 
6.12, p< 0.003, respectively) compared to older adults (+40 years). additionally,  95.8% of ONP users 
were smokers, more likely to be cigarette (ORadj= 9.53, p< 0.0001) or e-cigarette (ORadj= 8.43, p< 
0.0001) smokers. Approximately 60% of participants demonstrated susceptibility to ONP use, 
characterized by curiosity, limited knowledge of health risks, and potential willingness to use. 
Favorable beliefs about ONPs were more prevalent among users. Furthermore, a positive correlation 
was observed between the frequency of ONP use and the likelihood of experiencing associated 
symptom (r= 0.3, p= 0.0009). Conclusions: Given that 95.8% of ONP users in this study were current 
smokers, these findings suggest a potential future role for ONPs as a harm reduction strategy within 
the context of smoking cessation in Saudi population in Riyadh. However, continuous surveillance 
and targeted public health interventions are crucial to mitigate the potential negative consequences 
associated with ONP use. 

Keywords: oral nicotine pouch; awareness; perceptions; symptoms 
 

1. Introduction 

For For decades, the detrimental effects of tobacco use on global health have been well-
documented. Tobacco consumption in any form remains a significant cause of morbidity and 
mortality, affecting millions of individuals worldwide annually [1,2].  A recent systematic analysis 
for the global burden of disease study revealed a death statistic of over 8 million people from a 
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tobacco-related disease in 2019 alone [3]. Highlighting the regional impact of this global issue, 
unfortunately, WHO statistical trends indicated a gradual increase in tobacco use among individuals 
aged 15 and older in Saudi Arabia, from 16.6% in 2000 to 17.5% in 2020. Notably, tobacco use in Saudi 
Arabia was more prevalent among males (27.8% in 2020) compared to females (2.0% in 2020)[1]  
However, the consumption of tobacco products showed a continued decline globally, with about 1 
in 5 adults worldwide consuming tobacco compared to 1 in 3 in 2000 [2]. Despite this positive global 
trend, a paradoxical rise in annual tobacco-related deaths is anticipated, because tobacco kills its users 
and people exposed to its emissions slowly [4].  

While traditional cigarettes remain a public health concern, their dominance as the primary form 
of tobacco use appears to be waning, particularly among youth populations [5]. In the recent decade, 
the emergence of an increasingly diverse array of nicotine-containing products has gaining 
popularity, including electronic cigarettes (E-cigs) [5], tobacco heating products [6], and oral nicotine 
pouches (ONPs) [7].  

ONPs are pre-portioned pouches that share similarities with Snus, a traditional smokeless 
tobacco product. However, unlike Snus, ONPs are demonstrably tobacco-free, relying solely on 
nicotine, flavorings, sweeteners, and plant-based fibers for their composition [8].  This unique 
characteristic translates to a convenient, discreet, and potentially palatable method of nicotine 
delivery, potentially appealing to a broader user base, particularly in environments where traditional 
tobacco use is restricted.  Capitalizing on this innovation and the growing social stigma against 
conventional tobacco use, large tobacco companies have marketed ONPs as "tobacco-free" [7,9], 
“tobacco leaf-free” [9,10], or “all white” [10] alternatives. This marketing strategy positions ONPs 
within the emerging category of "modern oral" nicotine products, alongside established options like 
nicotine lozenges and gum [11]. 

ONPs entered the U.S. market in 2016, and as an emerging product, sales have witnessed a 
dramatic rise.  Sales figures indicate a significant increase from 0.16 million units ($0.7 million) in 
2016 to a staggering 46 million units ($200 million) within the first half of 2020 alone [12].  With 
further growth reaching $808 million from January to March 2022 [13]. This rapid growth in 
popularity highlights the evolving global market for ONPs, which is projected to reach $22.98 billion 
by 2030 [14]. However, the non-targeted marketing of ONPs raises concerns, especially as they appear 
to be appealing to youth and young adult non-smokers. This raises concerns about the potential for 
initiation and increased use among these vulnerable populations. 

The composition of nicotine within ONPs plays a crucial role in their potential for addiction. 
Unlike traditional cigarettes where nicotine exists primarily in its free-base form, ONPs can contain 
nicotine in both protonated and unprotonated forms depending on their pH [15]. Protonated nicotine 
predominates at a pH below 6.0, while unprotonated (free-base) nicotine increasingly predominates 
as the pH rises above 6.0 [15]. Compared with protonated nicotine, unprotonated nicotine readily 
passes through the oral mucosa epithelium, leading to faster and more extensive increases in blood 
nicotine levels [16]. Consequently, some ONPs formulated with a higher proportion of unprotonated 
nicotine may pose a greater risk of nicotine dependence due to the enhanced bioavailability [16]. This 
concern is particularly relevant for youth, who are a growing target demographic for ONPs [17,18]. 
Nicotine is a highly addictive substance, and its use during adolescence can negatively impact brain 
development, potentially priming the brain for addiction to other drugs [19] 

While smokeless tobacco products, including ONPs, generally lack the typical tobacco-specific 
nitrosamines (TSNAs) found in combusted cigarettes, toxicological concerns regarding these 
products still exist [20]. Unsmoked tobacco can still harbor TSNAs in various forms, including N-
nitrosonornicotine (NNN), N-nitrosoanatabine (NAT), N-nitrosoanabasine (NAB), and 4-
(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) [21]. A recent study by Mallock et al. [22] 
detected the presence of TSNAs in over half (26 out of 44) of the analyzed nicotine pouch products. 
The highest measured concentrations, though relatively low, were 13 ng and 5.4 ng per pouch for 
NNN and NNK, respectively. In addition to nicotine and TSNAs, toxic chromium and formaldehyde 
were detected in some nicotine pouch products [7]. Any trace of toxic elements should not be present 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 January 2025 doi:10.20944/preprints202501.1664.v1

https://doi.org/10.20944/preprints202501.1664.v1


 3 of 11 

 

because of potential health risks. Exposure to NNN has been linked to an increased risk of esophageal 
tumors [20]. This association raises particular concern for ONPs, given their placement within the 
oral cavity and potential for prolonged contact with esophageal tissue. 

In summary, oral nicotine products mainly contains nicotine, flavorings, pH buffer, filling 
agents, as well as a trace of toxic TSNAs, metal, and formaldehyde. This mix may pose several health 
risks. Hence, in this survey study, we will assess awareness and susceptibility to ONP use among 
Saudi adults, along with investigating the side effects experienced by those who have used them. The 
findings from this survey will provide valuable insights into the landscape of ONP use in Riyadh 
region of Saudi Arabia. 

2. Materials and Methods 

2.1. Study Population and Procedure 

A cross-sectional survey conducted over a seven-months period, from April 2024 to November 
2024 to investigate ONPs awareness, use patterns, and beliefs targeting Saudi adults’ population in 
Riyadh region, Saudi Arabia (18-69 years old). Following informed consent, 831 participants (age ≥ 
18 years) were recruited through cluster sampling based on age, gender, and Riyadh districts. Data 
collection utilized a web-based, close-ended questionnaire. The questionnaire consisted of 19 
questions, divided into two sections. The first section focused on demographic characteristics, 
including age, gender, and existing use of nicotine sources. The second section explored participants' 
awareness of ONPs, their usage patterns, associated beliefs, and any symptoms experienced during 
ONP use. Participants completed the questionnaire online or in-person, with data anonymized and 
analyzed using Google Sheets. To assess internal consistency, a simple mathematical question (2+2) 
achieved a 97.3% correct response rate. Internal validity was further supported by including two 
related questions: nicotine pouch use and associated symptoms. Participants answering "no" to the 
first question logically skipped the symptom question. Discrepant responses (n=16) were excluded 
after review. Ethical approval was granted by Prince Sattam Bin Abdulaziz University's research 
ethics committee. 

2.2. ONP Awareness, Susceptibility, Beliefs and Associated Use Symptoms 

Respondents were presented with an image of some popular brands of ONP and asked the 
following questions: “Have you ever seen or heard of nicotine pouches before this study?” Those 
who answered “yes” were classified as being aware of ONPs, and those who answered “no” or “not 
sure” were classified as being unaware of ONPs. All ONP non-user respondents were then asked 
ONP susceptibility measures: “Are you curious about nicotine pouches?” , “Have you received 
sufficient information about the dangers of nicotine pouches?” and  “Do you know someone around 
you use nicotine pouch, and would you use them if they offer you?”. Respondents who answered 
that were not curious about ONP, and know about its health risks and would not use them were 
classified as non-susceptible to ONP use. Otherwise, respondents were classified as susceptible to 
ONP use. They were then asked to assess their beliefs about ONP health risks by rating their 
agreement with the following statements: “Do you think nicotine pouches pose a health risk”, “Do 
you think nicotine pouches help you quit smoking”, and “Do you think nicotine pouches lead to 
addiction”. Responses were categorized as “agree” , “not sure” and  
“disagree”. Additionally, respondents who answered “yes” for using ONP were asked if they 
experienced any of the following symptoms associated with ONP use: “Frequent coughing”, “White 
spots and ulcerations in the mouth”, “taste alteration”, “Dry mouth, “throat symptoms”, “Abdominal 
pain or digestive disorders”, “No symptoms”, or Other symptoms. 
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2.3. Statistical Analyses 

Post-stratification weights were applied to achieve representativeness within the target 
population of Saudi adults aged 18-69 years in the Riyadh region, estimated at 2.5 million out of the 
4.43 million Saudi residents in Riyadh, based on the latest Saudi census data [23].Three sets of 
weighted logistic regression models were fitted. First, ONP awareness (aware vs. unaware) was 
modeled as the dependent variable, with demographics and nicotine-containing product use as 
independent variables. Second, ONP use status (user vs. non-user) was modeled as the dependent 
variable, with demographics and nicotine-containing product use as independent variables. This 
approach allowed for the examination of the association between demographics and nicotine-
containing products with ONP awareness and use, while accounting for potential confounding 
effects. Lastly, weighted multinominal regression was conducted to examine the associations 
between ONP- related beliefs and ONP susceptibility and use statuses. Each belief was modeled 
separately, using “disagree” as the reference, adjusting for demographics and tobacco product use 
statuses.  All statistical analyses were performed using GraphPad Prism Version 10. 

3. Results 

3.1. Prevalence and Covariates of ONP Awareness and Use 

The prevalence of ONP awareness and use across genders, various age groups and other nicotine 
product use statuses are presented in Table 1. Furthermore, adjusted odds ratios (ORadj) are 
provided to quantify the associations between these variables and ONP awareness and use. Overall, 
59.3% (n = 493) were aware of ONPs, 85.8% (n = 713) non-user ONPs, and 14.2% (n = 118) used 
ONPs. Results from the multivariable logistic regression models revealed that males were more 
aware (ORadj = 1.97, p <0.0001) and user (ORadj = 2.86, p = 0.03) of ONP than females. Similarly, 
younger adults (aged 18-29 and 30-39 years) demonstrated higher ONP awareness (ORadj = 4.67 and 
4.88, respectively, both p < 0.0001) and use (ORadj = 6.91, p <0.002 and 6.12, p < 0.003, respectively) 
compared to older adults (40-69 years). Additionally, ONP users were more likely to be cigarette 
(ORadj = 9.53, p <0.0001) or e-cigarette (ORadj = 8.43, p <0.0001) smokers and less likely to be non-
smoker (ORadj = 0.19, p = 0.006). Notably, only 4.2% of ONPs user were non-smoker, while 73.7%, 
56.8% and 33.1% combined ONPs use with cigarettes, e-cigarettes, and hookah, respectively (not 
shown in the table). 

Table 1. Boldface indicates statistical significance (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001). ONP = oral nicotine 
pouch, ORadj = adjusted odds ratio, CI = Confidence Interval. Each estimates were adjusted for all variables in 
the table. . 

Table 1.  Prevalence and correlates of ONP awareness and use. 

Parameters 

 

 

Overall % 

Aware of ONP 

(n = 493) 

ONP non-user 

(n = 713) 

ONP ever used 

(n = 118) 

%  ORadj (95% CI) %  ORadj (95% CI) %  ORadj (95% CI) 

Gender  

Male 

Female 

 

63.7% 

36.3% 

 

68.4% 

43.4% 

 

  1.97 (1.40, 2.78)**** 

Ref. 

 

79.2% 

97.4% 

 

  0.35 (0.13, 0.87)* 

Ref. 

 

20.8% 

2.6% 

 

  2.86(1.14, 7.90)* 

Ref. 

Age  

18-29 years 

30-39 years 

40+ years 

  

48.0% 

32.4% 

19.6% 

  

62.9% 

71.7% 

30.1% 

 

  4.67 (3.04, 7.30)**** 

  4.88 (3.03, 7.97)**** 

Ref. 

 

84.5% 

80.7% 

97.5% 

 

  0.14 (0.04, 0.44)** 

  0.16 (0.04, 0.49)** 

Ref. 

 

15.5% 

19.3% 

2.5% 

 

  6.91 (2.25, 26.78)** 

  6.11 (2.04, 23.53)** 

Ref. 
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Cigarettes 

Yes 

No 

 

19.6% 

79.4% 

 

91.4% 

8.6% 

 

  7.12 (3.51, 15.29)**** 

Ref. 

 

46.6% 

53.4% 

 

  0.11 (0.05, 0.21)**** 

Ref. 

 

53.4% 

46.6% 

 

  9.53 (4.86, 20.14)**** 

Ref. 

E-Cigarettes 

Yes 

No 

 

13.5% 

86.5% 

 

80.4% 

19.6% 

 

  1.27 (0.62, 2.67) 

Ref. 

 

40.2% 

59.8% 

 

  0.12 (0.05, 0.24)**** 

Ref. 

 

59.8% 

40.2% 

 

  8.43 (4.09, 18.48)**** 

Ref. 

Hookah 

Yes 

No 

 

12.3% 

87.7% 

 

79.4% 

20.6% 

 

  1.01 (0.51, 2.07) 

Ref. 

 

61.8% 

38.2% 

 

  1.14 (0.59, 2.26) 

Ref. 

 

38.2% 

61.8% 

 

  0.87 (0.44, 1.69) 

Ref. 

Smokeless 

Yes 

No 

 

66.4% 

33.6% 

 

48.0% 

52.0% 

 

  0.90 (0.44, 1.87) 

Ref. 

 

99.1% 

0.9% 

 

  5.26 (1.67, 18.6)** 

Ref. 

 

0.9% 

99.1% 

 

  0.19 (0.05, 0.59)** 

Ref. 

3.2. Susceptibility and Perceptions for ONPs Use 

Table 2 shows the prevalence of NP beliefs and their associations with ONPs susceptibility and 
use statuses. Approximately 60% (n = 503) of participants demonstrated susceptibility to ONP use, 
characterized by curiosity, limited knowledge of health risks, and potential willingness to use. 
Overall, over half of participants (54.6%) perceived ONPs as posing a health risk, while 25.4% 
believed they could aid in smoking cessation. However, most participants (70.2%) disagreed to the 
addictive potential of ONPs, and 84.5% acknowledged a lack of sufficient information regarding their 
dangers. Furthermore, 62.2% expressed a desire for additional information about nicotine pouches. 
Multivariate multinomial regression analysis revealed that ONP users expressed more positive 
perceptions regarding ONP health risks and smoking cessation benefits compared to other groups 
when disagreeing with a belief was the reference. Notably, agreement odds of ONPs health risks 
were significantly lower among ONPs users (ORadj = 0.13, p <0.0001), and higher among the non-
susceptible non-user group (ORadj = 14.56, p = 0.0005), while the susceptible non-user group exhibited 
an insignificant association with agreement (ORadj = 1.07, p = 0.83). Additionally, agreement odds 
about ONPs smoking cessation benefits were found to be higher among ONPs users (ORadj = 7.84, p 
< 0.0001), and lower among the non-susceptible non-user group (ORadj = 0.09, p < 0.0001) and the 
susceptible non-user group (ORadj = 0.56, p= 0.02). Furthermore, the susceptible non-user group 
demonstrated significantly lack of sufficient information about the dangers of ONPs (ORadj = 0.24, p 
< 0.0001). 

Table 2. Boldface indicates statistical significance (*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001). ONP = oral nicotine 
pouch, ORadj = adjusted odds ratio, CI = Confidence Interval, # = the column for each belief adds up to 100%. 
Each belief was modeled separately and adjusted for susceptibility and use status. . 

Table 2.  Comparative ONP-beliefs to susceptibility and use 

 
 
Beliefs 

 
 
 

Overall % 

 
Non-susceptible non-user 

(n = 210) 

 
Susceptible non-user 

(n = 503) 

 
ONP ever used 

(n = 118) 
Agree%#  ORadj (95% CI) Agree%#  ORadj (95% CI) Agree%#  ORadj (95% CI) 

Do you think ONP pose a health risk? 
Agree 
Not sure  
Disagree   

 
54.6% 
38.4% 
6.98% 

 
82% 

16.8% 
1.2% 

 
14.56 (4.04, 

93.90)*** 
2.67 (0.71, 17.73) 

Ref. 

 
54.3% 
40.0% 
5.7% 

 
1.07 (0.56, 2.03) 
1.42 (0.76, 2.68) 

Ref. 

 
25.5% 
55.9% 
18.6% 

 
0.13 (0.06, 0.29)**** 

0.42 (0.19, 0.89)* 
Ref. 

Do you think ONP lead to addiction? 
Agree  
Not sure  
Disagree  

 
23.8% 
5.9% 
70.2% 

 
29.1% 
0.6% 
70.3% 

 
2.40 (1.46, 3.98)*** 
0.08 (0.01, 0.40)* 

Ref. 

 
21.7% 
9.3% 
69.0% 

 
0.69 (0.48, 0.99)* 

12.07 (3.47, 
76.98)*** 

Ref. 

 
25.4% 
0.8% 
73.7% 

 
0.64 (0.37, 1.09) 
0.08 (0.01, 0.60)* 

Ref. 
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Do you think ONP help you quit 
smoking? 
Agree  
Not sure  
Disagree 

 
25.4% 
58.5% 
16.1% 

 
5.2% 
65.7% 
29.1% 

 
0.09 (0.04, 0.21)**** 

0.58 (0.36, 0.93)* 
Ref. 

 
18.5% 
67.0% 
14.5% 

 
0.56 (0.34, 0.90)* 
1.77 (1.17, 2.69)** 

Ref. 

 
72.0% 
20.3% 
7.6% 

 
7.84(3.62, 16.84)**** 

0.69 (0.33, 1.59) 
Ref. 

Have you received sufficient information 
about the dangers of ONP? 
Yes 
No 

 
 

15.4% 
84.5% 

 
 

35.5% 
64.5% 

 
 

5.06 (3.09, 8.34)**** 
Ref. 

 
 

8.9% 
90.9% 

 
 

0.24 (0.15, 0.37)**** 
Ref. 

 
 

16.9% 
83.1% 

 
 

1.55 (0.82, 2.86) 
Ref. 

Would you like to get more information 
ONP? 
Yes 
No 

 
62.2% 
37.8% 

 
43.6% 
56.4% 

 
0.29 (0.19, 0.44)**** 

Ref. 

 
62.8% 
37.2% 

 
0.97 (0.71, 1.33) 

Ref. 

 
84.1% 
15.9% 

 
4.59 (2.79, 7.76)**** 

Ref. 

3.3. ONPs Associated Use Symptoms 

A positive correlation was observed between the frequency of ONPs use and the likelihood of 
experiencing associated symptoms (r = 0.3, p = 0.0009) (Figure 1A). Among reported symptoms, 
gastrointestinal disturbances were most prevalent, with 47.5% of participants experiencing 
abdominal discomfort. Conversely, 22.9% of participants reported no discernible symptoms 
associated with ONP use (Figure 1B). 

 
Figure 1. Correlation between ONP use frequency and the likelihood of experiencing associated symptoms were 
performed using Spearman correlation analysis (A). Percentage of participants reported symptoms (B). 

4. Discussion 

This study represents the first investigation in Saudi Arabia to assess the prevalence of ONPs 
use, awareness, susceptibility, and associated symptoms among adult Saudis. The overall awareness 
rate of ONPs was found to be 59.3%, while 14.2% of participants reported ever using ONPs. These 
findings align with global trends, particularly in the United States, where awareness and use have 
significantly increased over the past few years among US adults who smoke. In 2020, awareness and 
ever-use rates in the U.S. were 19.5% and 3.0%, respectively [24], increasing to 29.2% and 5.6% 
between January and February 2021 [25] and further to 46.6% and 19.4% in 2021 [26] This relatively 
high rates of awareness observed in Saudi Arabia may be attributed to the extensive marketing of 
recently introduced ONP products by Badael, a company that aim to offer alternatives that improve 
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health and positively impact the environment [27] Their marketing emphasizes ONPs as a potential 
aid for smoking cessation [28]. 

It is noteworthy in our study that 95.8% of ONP users were cigarettes, e-cigarettes, or hookah 
smokers, with significantly higher odds of ever using cigarettes (ORadj = 9.53) and e-cigarettes (ORadj 
= 8.43). This may indicate a potential positive public health impact in future for ONPs, as harm 
reduction strategy within the context of smoking cessation, in Saudi Arabia. However, continuous 
surveillance and targeted public health interventions are crucial to mitigate the potential negative 
consequences of ONP use. Notably, Keller-Hamilton and colleagues [29], reported that ONPs may 
not effectively facilitate tobacco cessation due to their potential for craving relief and their higher 
plasma nicotine delivery compared to traditional cigarettes, which could increase the risk of misuse. 

Given these findings, the need for regulation of ONPs in Saudi Arabia becomes apparent. While 
ONPs are under the jurisdiction of the Saudi Food and Drug Authority (SFDA), they currently remain 
unregulated and are permitted advertising, unlike traditional cigarettes and other nicotine-delivery 
products [30]. The impact of regulation absence , especially in advertising,  is evident in our study 
that while 59.3% of participants were aware of ONPs product, yet 84.5% reported a lack of sufficient 
knowledge of ONP potential dangers and 62.2% expressed a desire for more scientific information 
about the potential harms of ONPs. This knowledge gap may be attributed to the prevalence of 
promotional materials that present ONPs as a safe alternative to smoking. 

We assessed in our study the comparative ONP-beliefs to susceptibility and use. Our findings 
indicate that between the 54.6% of participants who believed that ONP pose a health risks, only 6.6% 
of them (not shown in the table) were ONP ever users (ORadj = 0.13). Conversely, among the 25.4% 
of participants who believed ONPs aid in smoking cessation, 40.3% were ONP ever user (ORadj = 
7.84). These results suggest that holding favorable beliefs about ONPs is associated with ONP use. 
Our findings align with previous study by Morean and colleagues which reported that young adults 
susceptible to or using ONPs were significantly more likely to hold favorable perceptions of ONPs 
compared to smokeless tobacco (ORadj = 2.54 and 2.18, respectively) [31]. And to other studies that 
have reported a favorable ONP beliefs association to susceptibility to ONP use and awareness [26,32]. 
However, while our study suggests an association between specific beliefs to ONP use and 
susceptibility, it's important to note that the susceptible non-user group held comparable beliefs 
agreement regarding ONP health risks and uncertainty about ONP potential addiction and smoking 
cessation aid (ORadj = 12.07 and 1.77; respectively). This warrant further longitudinal studies to 
explore this relationship and to confirm the long-term implications of these beliefs.  

Several studies have investigated the potential side effects of ONPs. While no serious adverse 
effects have been reported, local oral irritations such as mucosal redness, ulcerations, gingival 
blisters, dry mouth, and sore throat have been observed, particularly among long-term use and 
frequent consumption of ONP [33–35].Furthermore, animal and in vitro studies have indicated that 
nicotine can promote conditions like gingivitis [36] periodontal disease [37] and bone destruction 
[38], suggesting that ONPs may contribute to inflammation in periodontal tissues. Our study 
assessed the frequency of self-reported symptoms associated with ONP use and found a positive 
correlation between usage frequency and symptom prevalence (r = 0.3, p = 0.0009). Abdominal 
disturbances were the most common symptom, reported by 47.5% of participants, followed by dry 
mouth (39.8%), throat symptoms (24.6%), oral ulceration (19.5%), frequent coughing (18.6%), taste 
alteration and (15.3%). However, 22.9% of participants reported no discernible symptoms. Mallock-
Ohnesorg and colleagues studied nicotine pharmacokinetic side effects of ONP use and reported 
cardiovascular effects of increased heart rate and elevated arterial stiffness [39]. These acute 
cardiovascular effects raise concerns about potential risks of increased arterial hypertension, 
atherosclerosis, and myocardial infarction, particularly in individuals with pre-existing 
cardiovascular conditions [39]. These findings suggests that ONPs may exert systemic effects beyond 
local oral irritation. Given the limited long-term health data on ONPs, further research is crucial to 
comprehensively assess their potential health risks. 
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This study, while providing valuable insights into ONP use and beliefs in Riyadh region, Saudi 
Arabia, has several limitations. First, due to the novelty of ONPs and the limited existing research, 
our sample size was relatively small and specific to the Riyadh region. Future studies should consider 
larger and more diverse samples to enhance generalizability. Second, the relative novelty of ONPs 
might have influenced participant understanding. To mitigate this, we provided visual aids and "not 
sure" options for belief-related questions. However, further research may be needed to assess the 
extent of participant knowledge and understanding. Third, the reliance on self-reported data through 
anonymous online surveys may introduce biases and inaccuracies. While Google Forms is a widely 
accepted tool, it may exclude individuals without internet access. Finally, the study did not account 
for underlying medical conditions that may have influenced reported symptoms. Future research 
should consider incorporating detailed medical history assessments to better understand the 
potential health impacts of ONP use. 

5. Conclusions 

This study represents the first investigation into the awareness, susceptibility, and use of ONPs 
among Saudi adults in the Riyadh region, along with an assessment of associated side effects. While 
59.3% of participants were aware of ONPs and 14.2% reported using them, it is notable that 95.8% of 
ONP users were current smokers, suggesting a potential positive role for ONPs as a harm reduction 
strategy within the context of smoking cessation in the Saudi population in Riyadh. Our findings also 
suggest a correlation between positive beliefs about ONPs and their use, while non-susceptible non-
users hold more negative views. Moreover, While this study has identified potential side effects 
associated with ONP use, further research is needed to comprehensively assess both short-term and 
long-term health impacts. Given the potential risks associated with nicotine addiction and the limited 
long-term data on ONP safety, ongoing public health surveillance and targeted interventions are 
crucial to address the potential challenges posed by ONP use in Saudi Araba. 
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