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Abstract
Background
Nicotine dependence, factors associated with dependence, and self-reported side effects among people who use e-cigarettes are scarce in developing countries.

Methods
A sample of 302 persons who currently use e-cigarettes was recruited from discussion forums on Reddit, Facebook, and the forum ‘lowyat’. The online Google form survey collected data on demographics, e-cigarette use, and the reasons, for cigarette smoking, Fagerstorm Test for Nicotine Dependence adapted for e-cigarettes (eFTND), and side effects experienced.

Results
The mean age was 25.5 years (6.5), 60.6% were males and 86% had higher education. About 47% were using e-cigarettes only, 27.8% were currently using dual products (both electronic and conventional cigarettes), and 25.2% had also smoked cigarettes in the past. ‘Less harmful than cigarettes’ (56.3%), ‘because I enjoy it’ (46.7%), and ‘it has a variety of flavors (40.4%) were the common reasons for e-cigarette use. The mean eFTND score was 3.9 (SD = 2.2), with a median of four side effects (IQR 3–6), sore or dry mouth/throat (41.4%), cough 33.4%, headache (20.5%), dizziness (16.2%) were commonly reported side effects. eFTND score and side effects were higher among persons using dual products. By multiple linear regression analysis, males (β = 0.56 95% CI 0.45, 1.05, p = 0.033), dual-use (β = 0.95 95% CI 0.34, 1.56, p < 0.003), and use of nicotine-containing e-cigarettes (β = 0.66 95% CI 0.07, 1.25 p = 0.024) had higher eFTND score.

Conclusion
Our findings of the study call for the placement of disclaimers about possible nicotine addiction and side effects of e-cigarette products.
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Background
Electronic cigarettes also known as “e-cigs,” “vapes,” “e-hookahs,” “vape pens,” and “electronic nicotine delivery systems (ENDS)” and electronic non-nicotine delivery systems (ENNDS) [1] have an estimated 68 million users worldwide in the year 2020 [2]. with projected sales of e-cigarette products expected to reach $40 billion by the year 2023 [3]. E-cigarette use is higher among youth and young adults in high-income and middle-income countries [4, 5]. E-cigarettes are promoted as harm-reduction products, as aids in quitting conventional cigarettes, and safer alternatives to conventional cigarettes are effective to quit conventional cigarettes as nicotine-containing. Indeed literature shows that e-cigarettes may improve quit rates compared with nicotine replacement therapy [6]. However, studies on reasons to use e-cigarettes have shown that persons who used dual products (both e-cigarettes and cigarettes) were using e-cigarettes mainly to reduce cigarette consumption, and to quit smoking [7] while the youth use e-cigarettes due to peer pressure, being attracted to the variety of flavors and the perceptions that e-cigarettes are less harmful than conventional cigarettes [8]. Reasons for the e-cigarette use, have regulatory implications, but understanding the intensity e-cigarettes or dependence on nicotine and self-reported adverse events by the persons who use e-cigarette is also important for the development of regulatory policies [9].
Nicotine concentration in some e-cigarettes is comparable to nicotine replacement drugs [10] but the rate of its’ release to the brain is slower than nicotine in conventional cigarettes [11]. Therefore e-cigarettes are thought to be less addictive than conventional cigarettes [12–15]. Duration of use, nicotine content are likely drivers of dependence and their long-term use leading to adverse health outcomes. The information about dependence, and side effects are needed to implement regulations such as display of labels on the devices and liquids [16]. Nicotine dependence among e-cigarette users measured with various instruments such as Hooked on Nicotine Checklist [17], Fagerstorm test for nicotine dependence (FTND) adapted for e-cigarettes [18], Penn State Dependence Index [19], E-Cigarette Addiction Severity Index (EASI) [20] have shown the presence of nicotine dependence. Therefore, the labels should contain disclaimers about nicotine content, its addictive potential and possible side effects of e-cigarette use. Such disclaimers are expected to deter the e-cigarettes users. Considering the currently available evidence about the health effects of e-cigarette [21, 22], it is imperative to study self-reported side effects experienced by persons who use e-cigarettes.
Malaysia has a big e-cigarette market with a prevalence of daily use at 5.8% in 2020 among adults and past 30-day e-cigarette use at 9.1% among youth aged 13–19 years [23]. The reasons for the use of e-cigarette among Malaysian university students [24], and perceptions of long term e-cigarette users who are active online site Malaysian Organisation of Vape Entity (MOVE) [25] have been reported. Another study has reported the reasons for e-cigarette use among cigarette smokers [26]. The common reasons cited were ‘to reduce number of cigarettes smoked’, ‘assist in quitting cigarette smoking’, and ‘enjoyment of pleasant taste’. However, reasons for e-cigarette use may vary by age and cigarette smoking status [8, 27]. Nicotine content and level are falsely reported on the labels on liquids available in Malaysia market [16, 28]. This raises a concern that the actual content of nicotine could be much higher than that indicated on the labels, perhaps a strategy to get the EC users addicted to nicotine. A study among university students has reported dizziness, and headache as side effects after using e-cigarette [24]. However, the self-reported adverse effects, nicotine dependence levels, and the reasons for e-cigarette use among those who also currently smoke conventional cigarettes and smoked cigarette in the past have not been studied in Malaysia. Considering the reports about the discrepancy between nicotine content displayed on the e-cigarettes and actual content it is imperative to study nicotine dependence among Malaysians who use e-cigarettes [16, 28]. Further, nicotine dependence using an instrument that is comparable to FTND and comparison of nicotine dependence according to exclusive e-cigarette use, dual product use and past cigarette smoking, and factors that determine the nicotine dependence among persons who use e-cigarettes are seldom reported in literature. Thus, we aimed to assess reasons for e-cigarette use, nicotine dependence, side effects, among persons who use e-cigarettes and the factors associated with nicotine dependence.

Methods
Ethical considerations
Ethical approval
was obtained from the International Medical University Joint Committee for Research and Ethics (MSPH I-2022(07). The online discussion group platform moderators on the social media and the study participants were informed about the purpose on a participant information sheet at the beginning of the survey questionnaire to obtain consent to participate. The participants were free to discontinue the survey anytime.


Study design
A cross-sectional online questionnaire survey was conducted among persons who were using e-cigarettes. They were recruited online from the e-cigarette related discussion communities and platforms on social media.

Sampling and sample size estimation
A convenience sampling strategy was used to select persons who were using e-cigarettes. Social media platforms such as Reddit, Facebook, and Forum ‘Lowyat’ having an estimated total number of users ranging from 1000 to 283,00 were selected. On these social media nine online Malaysian e-cigarette communities and discussion platforms were identified. Based on previous research on the standard deviation of 2.6 for eFTND score among all persons who use e-cigarettes [29] we anticipated a higher dispersion of eFTND score in a diverse group of persons using e-cigarettes i.e. using only e-cigarettes, dual products, and those who smoked conventional cigarettes in the past. We used sample size calculation for estimation of mean using the formula N=(Zσ/E)2 [30]. For a standard deviation of eFTND score of 4.5, 95% confidence limits, and precision of 0.5, the required sample size was 315.

Study instrument
A structured close-ended English language questionnaire was designed to collect information under seven sections. Section one contained information related to sociodemographic characteristics such as age, gender, nationality, ethnicity, occupation, marital and education status, household income [(In Malaysian Ringgits (MYR), 1 USD = 4.5 MYR] and number of family members who smoke conventional cigarettes and e-cigarettes. Section two had information on smoking-related information such as the age at smoking initiation, duration, and frequency (daily or non-daily or not at all) of smoking cigarettes adapted from GATS [31]. Section three inquired about participants’ e-cigarette use-related information current use of e-cigarettes (daily, non-daily or not at all) such as duration, frequency, usage of flavored e-cigarettes, awareness about nicotine content in e-cigarettes, and reasons for the use of e-cigarettes. Section four inquired about the method of e-cigarette purchase, questions about introduction to e-cigarettes, source of online information related to e-cigarettes, and exposure to e-cigarette-related online advertisements. Section five obtained information about nicotine dependence through a modified FTND (Fagerstrom Test for Nicotine Dependence) questionnaire which was adapted from Rahman et al. 2020 [32]. Section six inquired about reasons for the use of e-cigarettes and side effects with an the option to choose multiple responses.

Main outcome variables
Nicotine dependence
The eFTND score was the main dependent variable indicating the level of addiction to e-cigarette use. The eFTND test includes the original six items adapted to e-cigarette use by making minor changes such as replacing “cigarettes” with “e-cigarettes” [33]. Modified eFTND as a valid and reliable instrument (I-CVI value = 0.95 and test-retest reliability Spearman’s rank correlation coefficient value = 0.730) that can be applied to e-cigarette related studies [32]. Four items are binary questions that scored 1 and 0 points, and two items are multiple-choice questions that scored from 0 to 3 points. The total score can range from 0 to 10 points with 0 indicating the lowest level of e-cigarette use dependence and 10 indicating the highest level of nicotine dependence.

Reasons for e-cigarette use and self-reported side effects
Based on the literature 10 questions on reasons for e-cigarette use with each question having an option to select ‘yes’ or ‘no’ [24–26]. The participants were asked “Have you experienced any of the following side effects from using e-cigarettes?” A list of 14 side effects based on the previous literature [34, 35] was provided the participants indicated to check if they had ever experienced them.


Predictor variables
Sociodemographic characteristics were age, sex, nationality, ethnicity, employment status, marital status, education status, and household monthly income. Tobacco use-related factors cigarette smoking status, the daily number of puffs e-cigarettes consumed, and awareness about nicotine content in e-cigarettes. The other factors such as introduction to e-cigarettes, online sources of information about e-cigarettes, and exposure to online e-cigarette-related advertisements.

Data collection
Before distributing the online google form questionnaire, the instrument was pilot tested on 25 participants who were not part of the main study. These participants were selected through snowball sampling and google forms were used to design and display the information among persons using e-cigarettes. The pilot study aided in gathering feedback and detailed information on participants’ comprehension of the survey questions and ease of use. The researcher registered to join online communities and social media platforms on Reddit, Facebook, and the ‘Lowyat’ forum and sought permission from the moderators to share the survey link. Following approval, the google form questionnaire link was shared to the members. Only a few online platforms allowed users to share content without needing permission. On those platforms, the questionnaire was shared immediately. To avoid spam, the number of times the survey link could be reposted was limited to twice a week and thrice a week for two Reddit communities respectively, and once a week for the other seven platforms.

Data analyses
Data was cleaned, coded, and transferred from Microsoft excel to SPSS version 27.0 for data analysis. Data was checked for normality. Descriptive statistics of sociodemographic characteristics of the study participants and the reasons for e-cigarette use were calculated. eFTND score, the number of side effects and the main reason for e-cigarette use were compared by cigarette smoking status. Appropriate statistical tests significance was used for these bivariate comparisons. The association between eFTND score and sociodemographic, and tobacco-related factors was tested by simple linear regression followed by multiple linear regression. Variables significant in simple linear regression were entered into multivariable linear regression model. Unstandardized beta coefficients and their corresponding 95% confidence intervals (95%CI) and standardised coefficients were estimated. Collinearity between the independent variable was tested using tolerance and variance inflation factor. Statistical significance was set at p < 0.05.


Results
Demographic characteristics of the respondents
A total of 302 persons who use e-cigarette completed survey. The description of demographics of persons who use e-cigarettes, and the e-cigarette and cigarette smoking behaviours are shown in Table 1. The median age was 18 years (IQR 20–31), 60.6% were males, 61.9% were single, 45.4% were students. Ethic distribution was roughly divided between Malay, Chinese and Indian i.e., 30% each. Majority of them (89%) of them were from families whose monthly income was over 6000 Malaysian ringgits (Table 1).
Table 1Demographic characteristics and e-cigarette use behaviors of the survey respondents


	Sociodemographics
	n (%)
	Tobacco use behaviors
	n (%)

	Age (years) mean = 25.5 (SD = 6.5)
	Current e-cigarette and smoking status

	Sex
	 	Exclusive e-cigarette use
	142 (47.0)

	Female
	119 (39.4)
	Dual user
	84 (27.8)

	Male
	183 (60.6)
	Current e-cigarette use/ past smoking
	76 (25.2)

	Ethnicity
	 	Daily e-cigarette
	 
	Malay
	85 (28.1)
	Daily
	185 (61.3)

	Chinese
	93 (30.8)
	Non-daily
	117 (38.7)

	Indian
	84 (27.8)
	 	 
	Others
	40 (13.2)
	 	 
	Marital Status
	 	Use of Nicotine e-cigarette
	 
	Married/ in a relationship
	115 (38.1)
	I do not know
	60 (19.9)

	Single/ widowed/ divorced
	187 (61.9)
	No
	64 (21.2)

	Employment Status
	 	Yes
	178 (58.9)

	Student
	137 (45.4)
	 	 
	Employed
	127 (42.1)
	 	 
	Currently unemployed
	38 (12.6)
	 	 
	Monthly Household Income
	 	Number of puffs per day
	 
	Less than 6,000 RM
	63 (20.9)
	< 20
	94 (31.1)

	6,000 RM – 9,999 RM
	131 (43.4)
	20–50
	126 (41.7)

	10,000 RM and above
	108 (35.8)
	> 50
	82 (27.2)

	Introduction to e-cigarettes
	 	Duration of e-cigarette
	 
	Friends/ family/ peers
	194 (64.2)
	< 6 months
	60 (19.9)

	Internet/ social media
	87 (28.8)
	6 months-1 year
	72 (23.8)

	Health professionals
	21 (7.0)
	1–2 years
	61 (20.2)

	Source of online information
	 	> 2 years
	109 (36.1)

	Online vape stores
	91 (30.1)
	 	 
	YouTube and others
	71 (23.5)
	At least one family member smokes cigarettes
	60 (19.9)

	Social media
	101 (33.4)
	At least one family member uses e-cigarettes
	97 (32.1)

	Health-related websites
	39 (12.9)
	 	 
	Online advertisement exposure
	 	 	 
	No
	205 (67.9)
	 	 
	Yes
	97 (32.1)
	 	 




Cigarettes smoking and e-cigarette-related behaviors
Of the 302 persons who reported using e-cigarettes, 84 (27.8%) also reported of there were also smoking cigarette while 76 (25.2%) had smoked cigarettes in the past. This accounts for 142 (47%) persons who reported of exclusive e-cigarette use, 84 (27.8%) persons who reported of dual products use, and 76 (25.2%) had smoked conventional cigarettes in the past. Of those who reported that they were currently smoked cigarettes, 48 (15.9%) smoked cigarettes daily and 100 (33.1%) did not smoke cigarettes daily (Table 1). Of the persons who currently use e-cigarette, 117 (38.7%) did not use daily while 185 (61.3%) used e-cigarettes daily, more than a third of them had reported of initiating e-cigarette more than two years ago, over 40% of them had taken 20–50 puffs in a daily and about 58.9% of them reported that knew that e-cigarettes contain nicotine (Table 1). E-cigarettes were introduced by friends/peers to more than half of the respondents, online stores, and social media including YouTube were the most common source of information about e-cigarettes. Of the 302 respondents, 19.9% reported of at least one family member who were currently smoking cigarettes and 32.1% of them had at least one family member who were currently using e-cigarettes (Table 1).

Reasons to use e-cigarettes
Frequency of reasons cited for use of e-cigarettes and side effects are shown in Figs. 1 and 2 respectively whereas the comparison of eFTND score, side effects and reasons according to smoking status are shown in Table 2. Among all the reasons for e-cigarette use about half the persons who use e-cigarettes reported that “e-cigarettes are less harmful than conventional cigarettes “(56.3%). The other reasons cited were “I enjoy it” (46.7%), and “variety of flavors” (40.4%) whereas nearly a quarter of them reported that “curiosity to try the new product“ (23.2%), “to avoid cigarette smoking “(23.5%) “places and “use at time and places when cigarette smoking was not allowed“(20.2%) (Table 2). The main reason for e-cigarette use was compared among persons who reported exclusive e-cigarette use, dual products use, and those who had smoked cigarettes in the past. Persons who reported exlcusive e-cigarette use (142) cited safer alternatives (50.7%), and product appeal-related reasons(33.1%): persons who reporated of dual products use (84%) cited reducing or quitting smoking (56%) and circumventing smoke-free laws (20.2%) as the reasons: persons who smoked cigarettes in the past cited safer alternative (30.3%) and quit or reduce smoking (38.2%) as the main reasons for e-cigarette use. The comparisons were statistically significant (p < 0.001) (Table 2).
[image: ]
Fig. 1Distribution of reasons for using e-cigarettes
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Fig. 2Distribution of self-reported side effects of e-cigarette


Table 2Comparison of FTND score, number of side effects, and the main reasons for electronic cigarette use among those who use only e-cigarettes, dual products, and those who smoked cigarettes in the past


	 	Exclusive e-cigarette use
	Dual use
	E-cigarette use among those who smoked cigarettes in the past
	Test statistic
	p-value

	eFTND score [mean(SD)]×
	3 (1.6)
	5.3 (2.5)
	4.1 (2.1)
	34.9
	< 0.001

	Number of side-effects reported [mean(SD)] ¥
	4.1 (1.9)
	4.9 (2.5)
	3.6 (1.9)
	8.6
	0.014

	Main reasons for e-cigarette use π
	 	 	 	85.2
	< 0.001

	Safer alternative
	72 (66.7)
	13 (12)
	23 (21.3)
	 	 
	To reduce or quit smoking
	11 (12.6)
	47 (54)
	29 (33.3)
	 	 
	Circumvent smoke laws
	12 (32.4)
	17 (45.9)
	8 (21.6)
	 	 
	Product appeal
	47 (67.1)
	71(10)
	16 (22.9)
	 	 

× independent samples one-way ANOVA-test; ¥ Kruskal-Wallis test; π chi-square test
All comparisons were statistically significant at p < 0.05




eFTND score and side effects
The mean and median FTND score was 5 (SD = 2.2, IQR, 4–7). A total of 164 (54.3%) respondents scored between 1 and 3 (low dependence) on the eFTND scale and 89 (29.5%) of the respondents scored between 4 and 6 (moderate dependence). A total of 49 respondents scored between 7 and 10 (high dependence) on the eFTND. The median number of side effects reported was 4 (IQR 3–6) (mean = 4.1, SD = 2.1). The most common side effects reported were dry mouth (41.4%), cough (33.4%), and headache (20.5%) (Fig. 2). By types of e-cigarette use, person who use only e-cigarettes (mean 3.0, SD 1.6) had significantly lower FTND scores than those who use dual products (mean 5.3, SD 2.5) and those who had smoked cigarettes in the past (mean 4.1 SD 2.1) (p < 0.001). Similarly, by types of e-cigarettes use persons who exlcuively use e-cigarettes (mean 4.1, SD 1.9) reported significantly lower side effects than those who reporetd dual products use (mean 4.9, SD 2.5) and those smoked cigarettes in the past smokers (mean 3.6 SD 1.9) (p < 0.014) (Table 2).

Factors associated with eFTND score
Results of simple and multiple linear regression analyses are shown in Tables 3 and 4 respectively. By simple linear regression analyses, eFTND score was associated with higher age (β = 0.12, 95% CI 0.09–0.16, p < 0.001), male sex (β = 1.67, 95% CI 1.19–2.15 p < 0.001), being married/relationship(β=-0.64, 95% CI -1.15—0.13, p < 0.014), family members using e-cigarettes(β=-0.26 95% CI -0.51 -0.02, p = 0.031), currently employed (β = 1.60, 95% CI 1.09–2.11 p < 0.001) past cigarette smoking (β = 1.08, 95% CI 0.52–1.64, p < 0.001), and currently smoking cigarettes as well as using an e-cigarette(β = 2.29 95% CI 1.74–2.83, p < 0.001), aware of nicotine presence in e-cigarettes(β = 2.04 95% CI 1.45–2.63, p < 0.001), introduced to e-cigarettes by online sources (β = 1.35, 95% CI 0.82–1.88 p < 0.001) and health professional(β = 2.41 95% CI 1.47–3.35, p < 0.001), the occurrence of side effects(β= -1.90 95% CI -2.37, -1.43, p < 0.001), daily use(β = 0.13 95% CI 0.01, 0.25, p < 0.001), and longer duration (> 2 years) of e-cigarette use(β = 2.40 95% CI 1.77–3.04 p < 0.001) (Table 3).
Table 3Demographic, and tobacco use-related factors associated with eFTND score by simple linear regression analyses


	Variable
	eFTND score
	Unstandardized coefficient (95% CI)
	p-value

	Age (years) Mean = 25 (Sd = 6)
	0.12 [0.09, 0.16]
	< 0.001

	sex
	 	 
	Female
	2.9 (1.6)
	1
	 
	Male
	4.6 (2.3)
	1.67 [1.19, 2.15]
	< 0.001

	Ethnicity
	 	 	 
	Malay
	4.2 (2.2)
	1
	 
	Chinese
	4.1 (2.3)
	-0.09 [-0.75, 0.55]
	0.766

	Indian
	3.6 (2.9)
	-0.59 [-1.26, 0.07]
	0.083

	Others
	3.8 (2.4)
	-0.40 [-1.23, 0.43]
	0.344

	Marital status
	 	 	 
	Married/ in a relationship
	4.3 (2.4)
	1
	 
	Single/ widowed/ divorced
	3.7 (2.1)
	-0.64 [-1.15, − 0.133]
	0.014

	Employment status
	 	 	 
	Student
	3.2 (1.9)
	1
	 
	Employed
	4.8 (2.4)
	1.60 [1.09, 2.11]
	< 0.001

	Currently Unemployed
	3.6 (1.6)
	0.37 [-0.38, 1.12]
	0.335

	Monthly family income
	 	 	 
	Less Than 6,000 Rm
	4.2 (2.4)
	1
	 
	6,000 Rm – 9,999 Rm
	4.1 (2.2)
	-0.17 [-0.84, 0.49]
	0.603

	10,000 Rm and above
	3.5 (2.2)
	-0.67 [-1.36, 0.01]
	0.055

	Family members who smoke cigarettes
	-0.02 [-0.20, 0.15]
	0.787

	Family members who use e-cigarettes
	-0.26 [-0.51, -0.02]
	0.031

	Current smoking status
	 	 
	Use only e-cigarettes
	3.0 (1.6)
	 	 
	Dual use
	5.3 (2.6)
	2.29 [1.74, 2.83]
	< 0.001

	Past smoke
	4.1 (2.1)
	1.08 [0.52, 1.64]
	< 0.001

	Nicotine presence
	 	 	 
	No
	2.6 (1.2)
	1
	 
	Yes
	4.6 (2.3)
	2.04 (1.45, 2.63)
	< 0.001

	I do not know
	3.3 (2.0)
	0.79 (0.06, 1.51)
	0.034

	Introduced to e-cigarettes
	 	 	 
	Friends/ Family/ Peers
	3.3 (1.9)
	 	 
	Internet/ social media
	4.7 (2.5)
	1.35 [0.82, 1.88]
	< 0.001

	Health Professionals
	5.8 (2.0)
	2.41 [1.47, 3.35]
	< 0.001

	Source of online information
	 	 	 
	Online vape stores
	4.0 (2.2)
	 	 
	YouTube and others
	4.5 (2.6)
	0.5 [-0.32, 1.33]
	0.233

	Social media
	3.7 (2.1))
	-0.30 [-0.92, -0.32]
	0.348

	Health-related websites
	3.6 (2.2)
	-0.39 [-1.08, 0.28]
	0.255

	Seen online advertisement
	 	 	 
	No
	3.7 (2.2)
	1
	 
	Yes
	4.3 (2.3)
	0.05 [-0.03, 1.04]
	0.064

	Number of side effects
	 	0.13 [0.01, 0.25]
	0.029

	Number of puffs per day
	 	 	 
	< 20
	4.0 (2.7)
	1
	 
	20–50
	3.2 (1.5)
	0.12 (-0.56, 0.79)
	0.729

	> 100
	4.9 (2.1)
	0.25 (-0.44, 0.94)
	0.481

	Duration of use
	 	 	 
	< 6 Months
	2.7 (1.6)
	1
	 
	6 Months-1 Year
	3.2 (1.7)
	0.52 [-0.16, 1.21]
	0.134

	1–2 Years
	3.9 (1.9)
	1.20 [0.48, 1.92]
	0.001

	> 2 Years
	5.1 (2.4)
	2.40 [1.77, 3.04]
	0.001

	Frequency of e-cigarette use
	 	 	 
	Daily
	5.1 (2,3)
	1
	 
	Non-Daily
	3.2 (1.8)
	-1.90 [-2.37, -1.43]
	0.001




Table 4Demographic, and tobacco use-related factors associated with eFTND score by multiple linear regression analyses


	Variable
	Unstandardized coefficient (95% CI)
	p-value
	Standardized coefficient

	Age (years) Mean = 25 (Sd = 6)
	0.35 [-0.03, 1.00]
	0.256
	0.11

	sex
	 	 	 
	Female
	1
	 	 
	Male
	0.56 [0.45, 1.05]
	0.033
	0.12

	Marital status
	 	 	 
	Married/ in a relationship
	1
	 	 
	Single/ widowed/ divorced
	-0.17 [-0.66, 0.32]
	0.487
	-0.04

	Employment status
	 	 	 
	Student
	1
	 	 
	Employed
	-0.26 [-1.06, 0.60]
	0.528
	-0.06

	Currently Unemployed
	0.04 [-0.86, 0.93]
	0.934
	0.01

	Family members who use e-cigarettes
	-0.20 [-0.42, 0.01]
	0.065
	-0.09

	Current smoking status
	 	 	 
	Use only e-cigarettes
	1
	 	 
	Dual use
	0.95 [0.34, 1.56]
	0.003
	0.19

	Past smoke
	0.25 [-0.32, 0.82]
	0.386
	0.05

	Nicotine presence
	 	 	 
	No
	1
	 	 
	Yes
	0.66 (0.07, 1.25)
	0.024
	-0.13

	I do not know
	0.69 (1.04, 1.34)
	0.037
	-0.01

	Introduced to e-cigarettes
	 	 	 
	Friends/ Family/ Peers
	1
	 	 
	Internet/ social media
	0.35 [-0.17, 0.86]
	0.186
	0.07

	Health Professionals
	0.81 [-0.12, 1.73]
	0.089
	0.09

	Number of side effects
	0.15 [0.04, 0.26]
	0.007
	 
	Duration of use
	 	 	 
	< 6 Months
	1
	 	 
	6 Months-1 Year
	0.48 [-0.16, 1.12]
	0.139
	0.09

	1–2 Years
	0.81 [0.09, 1.53]
	0.029
	0.15

	> 2 Years
	0.98 [0.20, 1.75]
	0.014
	0.21

	Frequency of e-cigarette use
	 	 	 
	Daily
	1
	 	 
	Non-Daily
	-0.91 [-1.38, -0.45]
	< 0.001
	-0.20




By multiple linear regression analyses, sex, e-cigarette use in the family, the occurrence of side effects, dual-use, awareness of nicotine in e-cigarettes, duration of e-cigarette use was associated with eFTND score (Table 4). eFTND score was 0.56 units (β = 0.56 95% CI 0.45–1.05 p = 0.03) higher among men compared to women, eFTND score increased by 0.13 units (β = 0.13 95% CI 0.01–0.25, p = 0.007) for a unit increase in the number of side effects. Similarly, the eFTND score was higher by 0.95 units (β = 0.95, 95% CI 0.34–1.56, p = 0.003) among persons who reported dual product use compared to persons who reported exclusively e-cigarettes use. eFTND score was 0.66 units (β = 0.66, 95% CI (0.07–1.25, p = 0.024) higher among those who reported using e-cigarettes that contain nicotine as compared those reported using e-cigarette without nicotine. eFTND score was 0.98 units (β = 0.98, 95% CI 0.20–1.75, p = 0.014) higher among those who reported e-cigarette use of more than 2 years compared to < 6 months of e-cigarette use. FTND score was 0.91 units (β= -0.91, 95% CI -1.38–0.45, p = 0.001) lower among those who do not use e-cigarette daily compared to those who use them daily.


Discussion
Our convenient sample of persons who use e-cigarettes over half of who were males with a mean age of 25 years, and active on social media platforms. The surveyed person who reported e-cigarette use reported harm reduction, to avoid and quit cigarettes as the main reasons for using e-cigarettes. Nicotine dependence measured using eFTND was of low to moderate level. And eFTND score was associated with male sex, dual use, daily, longer and frequent of use of e-cigarettes. eFTND score was also associated with awareness about nicotine in the e-cigarette, number of side effects experienced. Nearly all persons who use e-cigarettes reported an experience of at least one side effect, while those who use dual products and had smoked cigarettes in the past reported more side effects.
Dependence is an important consequence of any nicotine-containing product. Dependence among persons who use e-cigarettes often leads to subsequent cigarette smoking initiation, particularly among the youth known as the ‘gateway phenomenon’ [36]. Though e-cigarettes are reported to be less addictive than conventional cigarettes [13–15, 37]. Studies reporting dependence among persons using e-cigarettes are not comparable since different methods were used to measure dependence and the convenient sample of persons who exclusively use e-cigarettes users were recruited online or compared to different groups of tobacco product users [15, 38, 39]. Low dependence among persons using only e-cigarettes is comparable to studies that measured dependence using a similar tool i.e. eFTND [40]. Nevertheless, as measured by eFTND, higher dependence was reported among highly educated young adults using e-liquids containing higher nicotine concentrations. In our study persons who reported exclusively e-cigarette use had a low dependence than those who were using dual products. These findings are supported by the review of available evidence [41]. Those who reported of dual products use would be consuming higher amount of nicotine that was present in both tobacco products. It has been argued that the original FTND used to measure dependence among conventional cigarette smokers has limited adaptability to measure dependence among those who use e-cigarettes. Even though nicotine dependence is common for both e-cigarette and conventional cigarettes, tools originally developed for conventional cigarettes may not predict e-cigarettes use emphasizing the need for product-specific tools [42].
The number and type of self-reported adverse effects reported by persons who use e-cigarettes were comparable to published literature [43, 44]. Dry mouth/throat, cough, headache dizziness were commonly reported in previous studies [43, 44]. Respiratory symptoms reported by persons who use e-cigarettes did not significantly vary by the type of device [45] and adverse events were commonly reported by all those using e-cigarettes irrespective of user characteristics [34]. However, we did not have sufficient information on these to perform sub-analyses. The reported side effects are also in agreement with those reported in the review of all available evidence [22]. There is very little evidence about long-term risks to the cardiovascular system, but dizziness, palpitations, and headache perhaps are suggestive of present of nicotine in the e-cigarettes [24]. The three frequent reasons for the use of e-cigarette namely less harmful (safe), ‘enjoy it’, and ‘many flavors’ are comparable to previous national-level survey reports from Malaysia [46–48]. However, the reasons varied by daily or non-daily e-cigarettes use in the ITC survey. While for daily use reasons cited were for reducing cigarette smoking and quitting smoking, for non-daily use reasons reported were curiosity and offered by someone [47]. The most cited reasons for e-cigarette use is suggestive of positive impressions created by marketing e-cigarette as safe, with a variety of flavors available in the market.
By multiple linear regression analyses being male, duration of e-cigarettes use, daily e-cigarettes use and dual-use, nicotine e-cigarettes, and the number of side effects were associated with eFTND score. Similar to the results our study literature about factors associated with dependence among e-cigarette users have found that nicotine dependence among e-cigarettes was associated with initiation of e-cigarette use at a younger age, e-cigarette use among friends and more recent use [20], as well frequency of use, concurrent cigarette smoking, use of nicotine e-liquids and higher nicotine concentrations [49]. However, instrument used to measure nicotine dependence was different from that used in our survey i.e., eFTND. A national survey from China that used FTND has reported a high level of dependence among cigarette smokers. The study also reported nicotine dependence was associated with smoking intensity and pack-years [50]. The association of eFTND score with daily use of e-cigarettes and duration is in our study is comparable to dependence on cigarette smoking in the Chinese study which used FTND [50]. In our study, men had higher eFTND scores than women but in the Chinese study the tobacco dependence was nearly the same despite the very high prevalence of cigarette smoking among men [50]. In our study after adjustment for other factors effects size was relatively small relative to the difference in eFTND scores between men and women. As dependence is caused by nicotine present in the e-cigarettes persons who reported the use of e-cigarette containing nicotine had a two points higher eFTND score than those reported to use cigarettes without nicotine. It is of importance to note that eFTND score was higher among persons using dual products, persons who had smoked in the past and were using e-cigarettes up on Health Professionals advice. Though these differences did not attain statistical significance in multiple linear regression, the findings suggest that persons who currently smoke cigarettes or who had smoked cigarettes in the past continue to be addicted to nicotine albeit to a lower extent than those who had never smoked conventional cigarettes.
Limitations
Findings may not be generalizable given the use of a convenience sample recruited from online discussion communities. The online survey method did not provide an opportunity to verify the nicotine level in the body or to verify cigarette smoking by testing carbon monoxide levels. As persons who use e-cigarettes were recruited from online for a dedicated e-cigarette related discussion, we could not compare the nicotine dependence among persons who smoked only conventional cigarettes. The daily amount of e-cigarette consumption was based on the reported daily number of puffs consumed is subject to recall bias. We did not estimate the amount of nicotine present, and the types of e-cigarettes used. Perhaps it is, for this reason, the eFTND score was not associated with the number of puffs consumed. However, due to the diversity in types e-cigarette products, and variability in the amount of nicotine content in them, it is not possible to obtain an objective measure of e-cigarette consumption like the number of cigarettes smoked per day. Comparison of nicotine dependence between people who use only e-cigarettes and those who use dual products is limited by the lack of an objective metric for nicotine consumption for e-cigarettes.


Conclusions
Our findings suggest a low or moderate level of self-reported nicotine dependence among the people who use e-cigarettes, conforming previous reports. Nicotine dependence was associated with male sex, cigarette smoking status, duration, and frequency of e-cigarette use. The main reasons for e-cigarette use and the number of side effects experienced varied according to cigarette smoking status. Our findings on nicotine dependence are to be confirmed in a larger population-based sample survey. Self-reported low to moderate nicotine dependence and side effects among people who use e-cigarettes call for regulatory policy on disclaimers about addiction and possible side effects to be placed on e-cigarette products.

Acknowledgements
Authors thank all anonymous electronic cigarette users who participated in this survey.

Authors’ contributions
Sreeramareddy and Sameeha conceptualised the study, designed the survey questionnaire. Sameeha and Shilpa collected the data, Sameeha and Sreeramareddy analysed and interpreted the data. Sreeramareddy drafted the draft manuscript, Sameeha and Shilpa reviewed the manuscript. All the authors approved the final manuscript.

Funding
This study did not obtain any funding.

Data Availability
The datasets analyzed during the current study are not publicly available but available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
The study was approved by the International Medical University Joint Commission.

Consent to participate
All participants provided informed consent prior to participation.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.


Abbreviations
	ENDS
	Electronic Nicotine Delivery Systems

	ENNDS
	Electronic Non-nicotine Delivery Systems

	eFTND
	e-cigarette Fagerstorm Test for Nicotine Dependence

	MOVE
	Malaysian Organisation of Vape Entity




References
	1.
World Health Organization. Regional Office for Europe. Electronic nicotine and non-nicotine delivery systems: a brief [Internet]. World Health Organization. Regional Office for Europe; 2020 [cited 2023 May 19]. Report No.: WHO/EURO:2020-4572-44335-62638. Available from: https://​apps.​who.​int/​iris/​handle/​10665/​350474.

	2.
Jerzyński T, Stimson GV, Shapiro H, Król G. Estimation of the global number of e-cigarette users in 2020. Harm Reduct J. 2021;18(1):109.CrossrefPubMedPubMedCentral

	3.
World Health Organization. WHO report on the global tobacco epidemic 2019: offer help to quit tobacco use [Internet]. [cited 2023 May 19]. Available from: https://​www.​who.​int/​publications-detail-redirect/​9789241516204.

	4.
Sreeramareddy CT, Acharya K, Manoharan A. Electronic cigarettes use and ‘dual use’ among the youth in 75 countries: estimates from Global Youth Tobacco surveys (2014–2019). Sci Rep. 2022;12(1):20967.CrossrefPubMedPubMedCentral

	5.
Tehrani H, Rajabi A, Ghelichi-Ghojogh M, Nejatian M, Jafari A. The prevalence of electronic cigarettes vaping globally: a systematic review and meta-analysis. Arch Public Health Arch Belg Sante Publique. 2022;80(1):240.Crossref

	6.
Hartmann-Boyce J, McRobbie H, Lindson N, Bullen C, Begh R, Theodoulou A, et al. Electronic cigarettes for smoking cessation. Cochrane Database Syst Rev. 2021;4(4):CD010216.PubMed

	7.
Temourian AA, Song AV, Halliday DM, Gonzalez M, Epperson AE. Why do smokers use e-cigarettes? A study on reasons among dual users. Prev Med Rep. 2022;29:101924.CrossrefPubMedPubMedCentral

	8.
Tsai J, Walton K, Coleman BN, Sharapova SR, Johnson SE, Kennedy SM, et al. Reasons for electronic cigarette Use among Middle and High School Students - National Youth Tobacco Survey, United States, 2016. MMWR Morb Mortal Wkly Rep. 2018;67(6):196–200.CrossrefPubMedPubMedCentral

	9.
Soule E, Bansal-Travers M, Grana R, McIntosh S, Price S, Unger JB, et al. Electronic cigarette use intensity measurement challenges and regulatory implications. Tob Control. 2023;32(1):124–9.CrossrefPubMed

	10.
Wagener TL, Floyd EL, Stepanov I, Driskill LM, Frank SG, Meier E, et al. Have combustible cigarettes met their match? The nicotine delivery profiles and harmful constituent exposures of second-generation and third-generation electronic cigarette users. Tob Control. 2017;26(e1):e23–8.CrossrefPubMed

	11.
Choi JH, Dresler CM, Norton MR, Strahs KR. Pharmacokinetics of a nicotine polacrilex lozenge. Nicotine Tob Res Off J Soc Res Nicotine Tob. 2003;5(5):635–44.Crossref

	12.
Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V. Evaluation of electronic cigarette use (vaping) topography and estimation of liquid consumption: implications for research protocol standards definition and for public health authorities’ regulation. Int J Environ Res Public Health. 2013;10(6):2500–14.CrossrefPubMedPubMedCentral

	13.
ETTER JF, EISSENBERG T. Dependence levels in users of electronic cigarettes, nicotine gums and tobacco cigarettes. Drug Alcohol Depend. 2015;147:68–75.CrossrefPubMed

	14.
Foulds J, Veldheer S, Yingst J, Hrabovsky S, Wilson SJ, Nichols TT, et al. Development of a questionnaire for assessing dependence on electronic cigarettes among a large sample of Ex-Smoking E-cigarette users. Nicotine Tob Res. 2015;17(2):186–92.CrossrefPubMed

	15.
Liu G, Wasserman E, Kong L, Foulds J. A comparison of nicotine dependence among exclusive E-cigarette and cigarette users in the PATH study. Prev Med. 2017;104:86–91.CrossrefPubMedPubMedCentral

	16.
Zulkifli A, Abidin NZ, Ismail NH, Abidin EZ. The Need for Policy on Labelling Requirement of E-liquid Products: A Case Study on Nicotine-containing E-liquid Refills Sold on E-commerce Platform in Malaysia. 2020.

	17.
Lin C, Gaiha SM, Halpern-Felsher B. Nicotine dependence from different e-cigarette devices and combustible cigarettes among US adolescent and young adult users. Int J Environ Res Public Health. 2022;19(10):5846.CrossrefPubMedPubMedCentral

	18.
Jankowski M, Brożek G, Krzystanek M, Lawson J, Zejda J. Nicotine dependence levels among e-cigarettes users. Eur Respiratory Soc; 2019.

	19.
Rhoades DA, Comiford AL, Dvorak JD, Ding K, Hopkins M, Spicer P, et al. Vaping patterns, nicotine dependence and reasons for vaping among american indian dual users of cigarettes and electronic cigarettes. BMC Public Health. 2019;19:1–8.Crossref

	20.
Vogel EA, Prochaska JJ, Rubinstein ML. Measuring e-cigarette addiction among adolescents. Tob Control. 2020;29(3):258–62.PubMed

	21.
Cao DJ, Aldy K, Hsu S, McGetrick M, Verbeck G, De Silva I, et al. Review of Health Consequences of Electronic Cigarettes and the outbreak of electronic cigarette, or Vaping, Product Use-Associated Lung Injury. J Med Toxicol Off J Am Coll Med Toxicol. 2020;16(3):295–310.Crossref

	22.
Tzortzi A, Kapetanstrataki M, Evangelopoulou V, Beghrakis P. A systematic literature review of e-cigarette-related illness and Injury: not just for the respirologist. Int J Environ Res Public Health. 2020;17(7):2248.CrossrefPubMedPubMedCentral

	23.
Driezen P, Nordin ASA, Hairi FM, Yee A, Tajuddin NAA, Hasan SI, et al. E-cigarette prevalence among malaysian adults and types and flavors of e-cigarette products used by cigarette smokers who vape: findings from the 2020 ITC Malaysia Survey. Tob Induc Dis. 2022;20:32.CrossrefPubMedPubMedCentral

	24.
Puteh SEW, Manap RA, Hassan TM, Ahmad IS, Idris IB, Sham FM, et al. The use of e-cigarettes among university students in Malaysia. Tob Induc Dis. 2018;16:57.PubMedPubMedCentral

	25.
Abdulrahman SA, Ganasegeran K, Loon CW, Rashid A. An online survey of malaysian long-term e-cigarette user perceptions. Tob Induc Dis. 2020;18.

	26.
Hairi FM, Goh KT, Driezen P, Nordin ASA, Yee A, Tajuddin NAA et al. Reasons for using e-cigarettes and support for e-cigarette regulations: findings from the 2020 ITC Malaysia Survey. Tob Induc Dis. 2022;20.

	27.
Temourian AA, Song AV, Halliday DM, Gonzalez M, Epperson AE. Why do smokers use e-cigarettes? A study on reasons among dual users. Prev Med Rep [Internet]. 2022 Jul 22 [cited 2023 May 19];29:101924. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC9334340/​.

	28.
Rahman A, Nik Mohamed MH, Mahmood S. Nicotine estimations in electronic cigarette e-liquids among malaysian marketed samples. Anal Chem Lett. 2018;8(1):54–62.Crossref

	29.
Jankowski M, Krzystanek M, Zejda JE, Majek P, Lubanski J, Lawson JA, et al. E-Cigarettes are more addictive than traditional Cigarettes—A study in highly educated Young People. Int J Environ Res Public Health. 2019;16(13):2279.CrossrefPubMedPubMedCentral

	30.
Lwanga SK, Lemeshow S, Organization WH. others. Sample size determination in health studies: a practical manual. World Health Organization; 1991.

	31.
Global Adult Tobacco Survey (GATS): Core Questionnaire with Optional Questions. [Internet]. WHO. ; 2020. Available from: https://​cdn.​who.​int/​media/​docs/​default-source/​ncds/​ncd-surveillance/​gats/​06_​gats_​corequestionnair​ewithoptionalque​stions.​pdf?​sfvrsn=​3b5ca226_​15.

	32.
Rahman AU, Mohamed MHN, Jamshed S, Mahmood S, Iftikhar Baig MA. The Development and Assessment of Modified Fagerstrom Test for Nicotine Dependence Scale among malaysian single electronic cigarette users. J Pharm Bioallied Sci. 2020;12(Suppl 2):671–5.Crossref

	33.
Boykan R, Goniewicz ML, Messina CR. Evidence of Nicotine Dependence in Adolescents who Use Juul and similar Pod Devices. Int J Environ Res Public Health. 2019;16(12):2135.CrossrefPubMedPubMedCentral

	34.
Pénzes M, Bakacs M, Brys Z, Vitrai J, Tóth G, Berezvai Z et al. Vaping-Related Adverse Events and Perceived Health Improvements: A Cross-Sectional Survey among Daily E-Cigarette Users. Int J Environ Res Public Health [Internet]. 2021 Aug 5 [cited 2023 May 19];18(16):8301. Available from: https://​www.​ncbi.​nlm.​nih.​gov/​pmc/​articles/​PMC8394644/​.

	35.
Rahman A, Mohamad MHN, Jamshed S. Evaluating effectiveness and safety toward electronic cigarette among malaysian vapers: one. Month observational study. Arch Pharm Pract. 2016;7(2):43–53.Crossref

	36.
Etter JF. Gateway effects and electronic cigarettes. Addiction. 2018;113(10):1776–83.CrossrefPubMed

	37.
Goniewicz ML, Lingas EO, Hajek P. Patterns of electronic cigarette use and user beliefs about their safety and benefits: an internet survey. Drug Alcohol Rev. 2013;32(2):133–40.CrossrefPubMed

	38.
Strong D, Glasser A, Leas E, Pierce J, Abrams D, Hwyrna M et al. Indicators of tobacco dependence among youth: Findings from Wave 1 (2013–2014) of the Population Assessment of Tobacco and Health (PATH) Study. Nicotine Tob Res Off J Soc Res Nicotine Tob. 2023;ntad072.

	39.
Shiffman S, Sembower MA. Dependence on e-cigarettes and cigarettes in a cross-sectional study of US adults. Addict Abingdon Engl. 2020;115(10):1924–31.Crossref

	40.
González Roz A, Secades Villa R, Weidberg S. Evaluating nicotine dependence levels in e-cigarette users. Adicciones. 2017;29(2):136–8.CrossrefPubMed

	41.
Banks E, Yazidjoglou A, Brown S, Nguyen M, Martin M, Beckwith K, et al. Electronic cigarettes and health outcomes: umbrella and systematic review of the global evidence. Med J Aust. 2023;218(6):267–75.CrossrefPubMed

	42.
Rest EC, Mermelstein RJ, Hedeker D. Nicotine dependence in dual users of cigarettes and E-Cigarettes: common and distinct elements. Nicotine Tob Res. 2020;23(4):662–8.CrossrefPubMedCentral

	43.
Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V, Characteristics. Perceived Side Effects and benefits of electronic cigarette use: a Worldwide Survey of more than 19,000 consumers. Int J Environ Res Public Health. 2014;11(4):4356–73.CrossrefPubMedPubMedCentral

	44.
Alhajj MN, Al-Maweri SA, Folayan MO, Halboub E, Khader Y, Omar R, et al. Oral health practices and self-reported adverse effects of E-cigarette use among dental students in 11 countries: an online survey. BMC Oral Health. 2022;22:18.CrossrefPubMedPubMedCentral

	45.
Chaffee BW, Barrington-Trimis J, Liu F, Wu R, McConnell R, Krishnan-Sarin S, et al. E-cigarette use and adverse respiratory symptoms among adolescents and young adults in the United States. Prev Med. 2021;153:106766.CrossrefPubMedPubMedCentral

	46.
Abdulrahman SA, Ganasegeran K, Loon CW, Rashid A. An online survey of malaysian long-term e-cigarette user perceptions. Tob Induc Dis. 2020;18:26.CrossrefPubMedPubMedCentral

	47.
Hairi FM, Goh KT, Driezen P, Nordin ASA, Yee A, Tajuddin NAA, et al. Reasons for using e-cigarettes and support for e-cigarette regulations: findings from the 2020 ITC Malaysia Survey. Tob Induc Dis. 2022;20:33.CrossrefPubMedPubMedCentral

	48.
Robert Lourdes TG, Abd Hamid HA, Mohd Yusoff MF, Rodzlan Hasani WS, Mat Rifin H, Saminathan TA, et al. Factors Associated with E-Cigarette usage and the reasons for initiation among malaysian adolescents. Asia Pac J Public Health. 2019;31(7suppl):44S–52S.CrossrefPubMed

	49.
Morean ME, Krishnan-Sarin S, O’Malley SS. Assessing nicotine dependence in adolescent e-cigarette users: the 4-item patient-reported outcomes measurement information system (PROMIS) nicotine dependence item bank for electronic cigarettes. Drug Alcohol Depend. 2018;188:60–3.CrossrefPubMedPubMedCentral

	50.
Liu Z, Li Y, hua, Cui Z yang, Li L, Nie X, qiong, Yu C et al. dong,. Prevalence of tobacco dependence and associated factors in China: findings from nationwide China Health Literacy Survey during 2018–19. Lancet Reg Heal Pac. 2022;24.



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Nicotine dependence and associated factors among persons who use electronic e-cigarettes in Malaysia - an online survey


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/images/13011_2023_558_Fig2_HTML.png
Percentage

40
35
30
25
20
15
10





OEBPS/css/envelope.png





OEBPS/images/13011_2023_558_Fig1_HTML.png
60
50
40
3

0
20
10

28e1uadJay

0





OEBPS/css/sidebar.gif





