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Background: To assess knowledge and attitudes about e-smoking among undergraduate
medical students, specifically focused on favorable view of therapeutic e-cigarette use for
smoking cessation or harm reduction.

Methods: This cross-sectional study included medical students at King Abdulaziz
University, Saudi Arabia. A six-item subscale was used to explore knowledge and attitudes
about the therapeutic use of e-cigarettes, measuring participants’ likelihood of favoring such
use. A four-item questionnaire measured confidence and importance of being educated about
smoking and e-smoking, in addition to sources of knowledge about e-cigarettes.

Results: A total of 399 students participated. Smoking history included current smokers
(19.8%) and ex-smokers (6.5%), while e-cigarettes were tried by 36.6% and are currently
used by 11.5%. A minority (13.5%) believed that e-cigarettes are FDA-approved for smoking
cessation, while approximately one-third believed e-smoking lowers cancer risks (31.1%)
and could help with smoking cessation (31.1%). Further, 35.9% agreed or strongly agreed
that e-cigarettes are better for patients than tobacco products, and 17.5% were likely to
recommend e-smoking to their patients for smoking cessation. Reliability of the six-item
scale showed Cronbach’s alpha = 0.676, which was enhanced to 0.746 after deletion of one
item about addictiveness. Using the corrected five-item scale, 23.6% of the participants
would favor therapeutic use of e-cigarettes.

Conclusion: We observed several misconceptions about addictiveness and inadequate
awareness about e-cigarettes’ harmful effects, leading to non-scientific opinions about its
therapeutic use for harm reduction or in smoking cessation. Academic programs around this
topic should be updated in accordance with majority expert recommendations.

Keywords: e-cigarette, vaping, knowledge, therapeutic, smoking cessation, medical
students, Saudi Arabia

Background

Cigarette smoking was common globally starting in the 1900s. Smoking rates
increased in exponential increments, which was associated with significant morbid-
ities and mortalities in high- and middle-income countries." Approximately 8
million deaths are reported annually from tobacco smoking; additionally, total
economic costs attributable to smoking-related productivity losses and health care

expenditures are substantial.> However, recent estimates show that the global rates

Received: 16 January 2021
Accepted: 14 April 2021
Published: 13 May 2021

Risk Management and Healthcare Policy 2021:14 1969—1984 1969
© 2021 Alzahrani et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at https://www.dovepress.com/terms.
BY NG

php and incorporate the Creative Commons Attribution — Non Commercial (unpovted v3.0) License (http://c by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pmwded the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0001-6786-7184
http://orcid.org/0000-0001-7241-4366
http://orcid.org/0000-0002-1144-3494
http://orcid.org/0000-0002-7323-7055
http://orcid.org/0000-0001-7943-2997
mailto:drsamihz@gmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Alzahrani et al

Dove

of smoking among individuals aged >15 years declined
from 23.5% to 20.7% between 2007 and 2015,> possibly
due to the establishment of effective anti-smoking efforts
and laws.

Concurrently, the use of electronic cigarettes (E-cigar-
ettes) has increased, particularly among youth and young
adults. E-cigarettes comprise a heating device powered by
a battery that delivers nicotine to the mouth and upper
airways. The heating device contains a fluid mixture of
vegetable glycerin, propylene glycol, and flavors other
than nicotine. It is activated manually or by suction, trans-
forming a nicotine solution into a vaporized form.* The
use of e-cigarettes continues to increase since they are
marketed as healthier alternatives to tobacco smoking.

For instance, data from the Georgia State University
Tobacco Products and Risk Perceptions Survey” indicated
that the prevalence of e-cigarette use between 2015 and
2018 increased significantly among those who never
smoked before and former smokers, from 3% to 5% and
from 5.3% to 12.9%, respectively. These trends were
apparent among young adults aged 18-24 who have used
emerging popular products such as water pipes and
e-cigarettes.® In Saudi Arabia, the results of a large online
survey revealed that 33.5% had previously tried e-cigar-
ettes, and 7.5% of those were current users.” The preva-
lence among current tobacco smokers is even higher,
where 68.9% of them are active e-cigarette users, either
daily or occasionally.®

These attitudes are alarming, especially with the sig-
nificant gaps in knowledge regarding the benefits and risks
of e-cigarette use. Although e-cigarettes may help current
smokers quit their harmful habit,” little is known about the
potential harm from e-cigarettes, especially over a long
period. Such conflicts may also extend to the potential
safety concerns in distinct populations, including young
adults and pregnant women. Importantly, the Centers for
Disease Control and Prevention (CDC) underscored the
increased risk of tobacco use among nonsmokers, delayed
smoking cessation among current tobacco smokers, and
increased exposure to nicotine poisoning and secondhand
smoke among young adult e-cigarette users.'” These con-
sequences show that in this age category, e-cigarettes can
be a gateway to tobacco smoking. Given the rising trend of
e-cigarette use among teenagers and youths, as well as the
lack of high-quality studies that have investigated their
safety, it is imperative to increase awareness levels and

reinforce education regarding e-cigarette use. This could

be carried out earlier among school and university
students.

More specifically, medical students represent a signifi-
cant target, since they are future health professionals who
will bear their responsibility of providing adequate knowl-
edge and promoting healthy habits among their patients. It
is therefore necessary to assess their perceptions, aware-
ness, and knowledge about smoking habits, including the
use of e-cigarettes. Subsequently, the attitudes and percep-
tions of the general population will be formed, and this
will affect future smoking cessation strategies. In Saudi
Arabia, little is known about the awareness and knowledge
of medical students, which hinders future efforts targeting
the health of the general public through effective smoking
cessation strategies. The present study aimed to assess the
knowledge and attitudes of medical students regarding
e-smoking, with a specific focus on their tendency to
favor the therapeutic use of e-cigarettes as a smoking
cessation method.

Methods
Population and Setting

This cross-sectional study was carried out among under-
graduate medical students at King Abdulaziz University
(KAU) Faculty of Medicine, Jeddah, Saudi Arabia, in the
period May through June 2020. It included medical stu-
dents in their second through sixth years, who were aged
18 to 30, while it excluded students from other colleges
such as pharmacology or dentistry. The study protocol and
questionnaire were reviewed and ethically approved by the
Institutional Review Board of KAU (IRB No 20602), and
the study procedures were carried out in concordance with
the Declaration of Helsinki.

Sampling

Considering there is an unknown percentage of partici-
pants who would be in favor of clinical usage of e-smok-
ing, the sample size was calculated from the total
population of 2410 medical students, with a 5% margin
of error and 95% confidence interval. The target sample
size was determined to be 332 and was increased to 400 (N
= 400) to
participations.

compensate for eventual incomplete

The target population was stratified by academic level
(second, third, etc. year) and a proportional allocation was
used to randomly include participants for the following

proportions: 25% of the sample from the second year, 20%
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from the third year, 21% from the fourth year, 17% from
the fifth year, and 15% from the sixth year.

Instrument

A semi-structured questionnaire containing four parts was
designed by the authors. Part one collected sociodemographic
and academic data, including age, gender, marital status, place
of residence, academic year, and grade point average (GPA).
Part 2 collected clinical data and exposure to smoking and
e-smoking, including body mass index (BMI), chronic dis-
eases (asthma, hypertension, diabetes, etc.), smoking status,
experience with e-smoking, and current use of e-cigarettes.
Part 3 explored knowledge and attitudes regarding the clinical
use of e-cigarettes and e-smoking, including items such as
whether they are approved by the US Food and Drug
Administration (FDA) for smoking cessation, whether they
lower the risk of cancer as compared to tobacco products,
and whether the student would recommend e-smoking to
patients as a smoking cessation method or harm reduction
approach. Part 4 comprised four items measuring confidence
in and importance of being educated about smoking and
e-smoking counseling, in addition to sources of knowledge
about e-cigarettes (such as social media, online advertising,
and so on). A full list of the questionnaire items and domains is
presented in Table S1.

Validation and Scoring System

The face and content validity of the questionnaire was evalu-
ated and confirmed by two independent family medicine con-
sultants. The Part 3 subscale was used to measure participants’
willingness or lack thereof to use e-cigarettes as a smoking
cessation method. Depending on the item, answers to the Part 3

ER RT3

not sure,” or “no” for items 1

EENT3 LENT3

agree,
or “strongly disagree” for items 5 and 6. Answers of yes to

subscale were either “yes,
through 4, or “strongly agree, neutral,” “disagree,”
items 1 through 4 and “agree” or “strongly agree” to items 5
and 6 were considered a favorable attitude (unitary score = 1),

LR I3 EEINT3

whereas all other answers (“no,” “not sure,” “neutral,” “dis-
agree,” and “strongly disagree”) were assumed to be an unfa-
vorable attitude (unitary score = 0). A favorability score (range
= 0-6) indicating the likelihood of a favorable attitude toward
e-cigarette clinical use was computed as the number of state-
ments when the participant exhibited a positive attitude, ie the
sum of unitary scores. This scoring system was evaluated by
analyzing the reliability and the correlations between the total
score and each item separately, as indicated in the statistical

methods.

Study Procedure

The questionnaire was administered online via the
SurveyMonkey platform (SurveyMonkey Europe UC).
The web link was sent via email to all selected participants
and included a notification about the study objectives and
response confidentiality and a statement of explicit consent
to participate. Potential participants were advised that the
study results would be involved in a statistical analysis and
would aim for publication in a peer-reviewed journal.

Statistical Methods

Data were downloaded as a Microsoft Excel spreadsheet that
was exported as an SPSS (SPSS version 21.0 for Windows,
SPSS Inc., Chicago, IL, USA) database for statistical analysis.
Descriptive statistics were used to summarize participants’
characteristics as well as patterns of answering for the different
parts of the questionnaire. The favorability scale (six items)
underwent reliability analysis by calculating Cronbach’s alpha
and estimating alpha by the deletion of each item. In essence,
Cronbach’s alpha is a widely used reliability coefficient to
measure the internal consistency of a set of questionnaire
items via exploring how closely related they are as a single
group.'! Further, Pearson’s correlation was used to analyze the
correlation of the favorability score with the scores for each
item. The favorability score was analyzed as a binary variable
(favorable vs not favorable), by assuming that having a positive
attitude towards most items would reflect an overall favorable
attitude. Factors associated with a favorable attitude were
analyzed using the chi-square test for categorical variables
and independent #-test for continuous variables, including
age. Multivariate binary logistic regression was used to analyze
independent factors of favorable inclination to use e-cigarettes
clinically. Predictor variables included the significantly asso-
ciated variables from the univariate correlation analyses. The
results were presented as odds ratio (OR) with 95% confidence
interval (CI). A p-value of <0.05 was considered to reject the
null hypothesis.

Results
Participant Demographics and Academic

Characteristics

A total of 399 students responded to the questionnaire,
with a mean (standard deviation [SD]) age of 21.75 (2.91),
and with 55.4% females and 96.5% Saudi. A majority
were single (92.0%), without children (95.0%), and living
in Jeddah (92.7%). Academically, the majority had a very
high (48.6%) or high (44.4%) GPA (Table 1).
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Table | Participant Demographics (N = 399)

Parameter Category Frequency Percentage
Sociodemographic factors
Age Mean, SD 21.75 291
Gender Male 178 44.6
Female 221 554
Nationality Saudi 385 96.5
Non-Saudi 14 35
Marital status Single 367 92.0
Married 30 7.5
Divorced 2 0.5
No. children 0 379 95.0
| I 2.8
2 5 1.3
3 3 0.8
6 | 0.3
Parents’ marital status Married 336 84.2
Divorced 35 8.8
Widowed 28 7.0
Monthly income <3000 13 3.3
3000-10,000 69 17.3
>10,000 317 794
Residence place Jeddah 370 92.7
Other city 29 7.3
Living situation With family 359 90.0
With friends 10 2.5
Alone 30 7.5
Housing Own house 291 729
Rented 87 21.8
Student dormitory 21 5.3
Academic factors
Academic year 2nd 95 238
3rd 76 19.0
4th 98 24.6
Sth 66 16.5
6th 64 16.0
(Continued)
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Table | (Continued).

Parameter Category Frequency Percentage
GPA 4.5-5 194 48.6
3.5-4.49 177 444
2.5-3.49 27 6.8
<25 | 0.3

Abbreviation: GPA, grade point average.

Clinical Data and Exposure to Smoking

and e-Smoking

Of the participants, 22.1% declared having chronic dis-
eases, with asthma (6.5%), anemia (4.5%), and headache
(4.0%) the three most frequently reported diseases.
Smoking history showed current smokers (19.8%) and
ex-smokers (6.5%); e-cigarettes had been tried by 36.6%,
and 11.5% are currently using them (Table 2).

Knowledge About and Attitudes Toward

e-Cigarettes and e-Smoking

A minority (13.5%) of the participants believed that
e-cigarettes are FDA-approved for smoking cessation,
while approximately one-third believed that e-smoking
lowers the risk of cancer (31.1%) and could be a helpful
aid for smoking cessation (31.1%). Further, 35.9%
agreed or strongly agreed that e-cigarettes would be
better for their patients than tobacco products, and
17.5% declared being likely to recommend e-smoking
to their patients as a smoking cessation method.
However, 50.6% agreed that e-cigarettes are addictive.
Other items showed areas of very high concern for
education regarding e-cigarettes (90.9%), including rela-
tively low levels of confidence in counseling patients
about both traditional (51.6%) and e-cigarettes (35.1%)
(Table 3). Social media (77.4%) represented the primary
source of information about e-cigarettes, followed by
online (26.6%) and TV (9.8%)
(Figure 1).

advertisements

Favorability of Clinical Usage of

e-Cigarettes
The six-item scale underwent reliability analysis and
showed intermediate reliability, with Cronbach’s alpha

= 0.676. After the deletion of item 6 (“E-cigarettes are
addictive”), the reliability of the scale was enhanced to
0.746. Further, Pearson’s correlation showed that among
all items, item 6 had the weakest correlation with the 6-
item scale score (Table 4). Thus, item 6 was rejected,
and the level of favorability (range = 0-5) was calcu-
lated as the sum of unitary scores from the other five
items. By assuming a cutoff of >2 out 5, 23.6% (95%
CI = 19.5%, 28.0%) of the participants would be in
favor of the clinical usage of e-cigarettes in smoking

cessation.

Factors Associated with a Favorable
Attitude Toward Clinical Usage of

e-Cigarettes

Males were more inclined to be in favor of the clinical
usage of e-cigarettes for smoking cessation than
females (33.7% vs 15.4%), and the difference was
statistically significant (p < 0.001) (Table 5). Both
(38.5%)
were more likely to be in favor of clinical usage of

current smokers (34.2%) and ex-smokers

e-smoking when compared to nonsmokers (19.4%, p =
0.004). Further, tried
e-smoking (36.3% vs 16.2%), current users of e-cigar-
ettes (52.2% vs 19.8%), and those who had e-smokers
among their close acquaintances (32.0% vs 14.5%)

participants who had ever

were more likely to be in favor of the clinical usage
of e-smoking, and the comparisons were statistically
significant (Table 6).

Multivariate binary regression showed that being male
(OR = 2.39, p = 0.001) or ever having tried e-smoking
(OR = 1.17, p = 0.015) were the independent factors
associated with a favorable attitude and beliefs regarding
the clinical usage of e-smoking (Table 7).
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Table 2 Clinical Data and Exposure to Smoking and e-Smoking (N = 399)

Parameter Category Frequency Percentage
Clinical data
Weight Mean, SD 66.31 19.81
Height Mean, SD 161.89 2091
BMI Class Underweight (<18.5) 6l 15.3
Normal weight (18.5-—24.9) 197 494
Overweight (25.0-—-29.9) 79 19.8
Class | obesity (30.0-34.9) 39 9.8
Class Il obesity (35.0-39.9) 16 4.0
Class Il obesity (! (>40.0)) 7 1.8
Chronic disease No 311 779
Yes 88 22.1
Asthma 26 6.5
Anemia 18 4.5
Headache 16 4.0
Hypertension 8 2.0
Diabetes 8 2.0
Gastroesophageal reflux 6 1.5
Multiple sclerosis 5 1.3
Inflammatory bowel disease 4 1.0
Kidney disease 2 0.5
Other? 25 6.3
No. Diseases 0 314 787
| 65 16.3
2 9 2.3
3 9 23
4 2 0.5
Family history of mental disorder No 294 737
Yes 105 26.3
Exposure to smoking and e-smoking
Smoking status Smoker 79 19.8
Nonsmoker 294 737
Ex-smoker 26 6.5
Immediate family member smokes No 159 39.8
Yes 240 60.2
(Continued)
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Table 2 (Continued).

Parameter Category Frequency Percentage
Ever e-smoked No 253 63.4
Yes 146 36.6
<Once per month 65 16.3
Monthly 15 38
Weekly 16 4.0
Daily 44 11.0
Not specified 6 1.5
Current e-smoker No 353 885
Yes 46 1.5
Family member or friend uses e-cigarettes No 193 48.4
Yes 206 51.6

Note: Other diseases included: malignancy (3 participants), cardiac diseases (2), arthritis (1), immunodeficiency (1), not specified (18).

Abbreviations: BMI, body mass index; SD, standard deviation.

Discussion

Summary of Findings

This cross-sectional study explored the likelihood that
medical students would be in favor of the clinical use of
e-cigarettes in smoking cessation by exploring specific
The
model used in this study showed acceptable reliability

knowledge and attitudes regarding e-cigarettes.

and demonstrated that approximately one-quarter of the
students were likely to be favorably inclined toward the
clinical usage of e-smoking as a smoking cessation method
or as a risk reduction strategy among smokers. Further,
this favorability was significantly predicted by male gen-
der and previous personal e-smoking experience. In addi-
tion, the study highlighted substantial gaps in knowledge
and confidence regarding smoking and e-smoking among
these medical students, indicating the need for more ade-
quate education regarding these topics. Secondarily, the
prevalence of previous experience and current e-cigarette
use were estimated as 36.6% and 11.5%, respectively.

Are e-Cigarettes Approved by the
National Regulations in Different
Countries?

More specifically, 13.5% of the students believed that

e-cigarettes have been approved by the FDA for smoking
cessation, and a majority (70.7%) were not sure. In Saudi

Arabia, the sale and marketing of e-cigarettes are banned
by the decision of health ministries of the Gulf countries,
which is the case in the United Arab Emirates.'?
International health authorities such as the World Health
Organization and the American Heart Association, along
with most major countries, discourage the promotion of
e-cigarettes as an alternative to established smoking cessa-
tion medications. Consequently, health care professionals,
including physicians, nurses, and medical students, should
be educated regarding the legal status of e-cigarettes, most
notably concerning its clinical use, in order to provide
proper counseling to patients and the general population.
In developed countries, the legal dimensions of e-cigarette
use may vary across countries in some specific aspects;
however, they share core similarities. In the United States,
initial attempts to regulate e-cigarettes as pharmaceutical
products were inconclusive, and no specific regulations
were issued. Instead, e-cigarettes were subjected to com-
mon tobacco product regulation, which varies between US
states and cities. In line with this resolution, the FDA
applied a prohibition on the sale of e-cigarettes to minors,
instructed there to be a health warning on the packaging,
and banned the marketing of e-cigarettes as a safer alter-
native to traditional tobacco products or as a smoking
cessation strategy.'>'* More recently, the FDA disclosed
a regulatory plan to ban the sale of fruit-flavored e-cigar-
ettes, given that such products represent a stepping stone
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Table 3 Knowledge and Attitudes Toward e-Cigarettes and e-Smoking (N = 399)

Item Answer n %
Are e-cigarettes approved by the FDA for smoking cessation?? No 63 15.8
Not Sure 282 70.7
Yes 54 13.5
Do you believe that e-cigarettes lower the risk of cancer for patients who use | No 167 41.9
them instead of smoking traditional cigarettes?®
Not Sure 108 27.1
Yes 124 311
Do you believe e-cigarettes are a helpful aid for smoking cessation?® No 161 404
Not Sure 114 28.6
Yes 124 311
If you were to see a patient who smokes cigarettes today, would you No 215 539
recommend the use of e-cigarettes as a smoking cessation method?®
Not Sure 114 28.6
Yes 70 17.5
Despite the unknowns, the use of e-cigarettes is better for my patients than Strongly agree 37 9.3
smoking tobacco products§.
Agree 106 26.6
Neutral 141 353
Disagree 80 20.1
Strongly disagree 35 8.8
E-cigarettes are addictive’. Strongly agree 48 12.0
Agree 154 38.6
Neutral 141 353
Disagree 49 12.3
Strongly disagree 7 1.8
It is important for physicians to be educated about e-cigarettes. Strongly agree 206 51.6
Agree 157 39.3
Neutral 28 7.0
Disagree 5 1.3
Strongly disagree 3 0.8
As a student, | feel confident about my ability to discuss traditional cigarette use | Strongly agree 56 14.0
with my patients. Agree 150 376
Neutral 114 28.6
Disagree 67 16.8
Strongly disagree 12 3.0
(Continued)
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Table 3 (Continued).

Item Answer n %
As a student, | feel confident about my ability to discuss e-cigarette use with my | Strongly agree 40 10.0
patients.
Agree 100 25.1
Neutral 128 32.1
Disagree 105 26.3
Strongly disagree 26 6.5
In your opinion, have you received adequate education about e-cigarettes in No 85.7 342
medical school?
Yes 143 57

Note: Sltems comprising the favorability scale.

to smoking, which may increase the risk of addiction
among teenagers.'>'® In the United Kingdom, e-cigarette
products are subject to national and European Union (EU)
regulations, notably the EU Tobacco Products Directive
and the Medicines and Healthcare Products Regulatory
Agency, which differentiate between products containing
less than 20 mg of nicotine and those containing more.
Government taxes are applied, public advertising is
restricted to sale points, and any claims for health benefits
are banned. Further, any images or messages referring to
or suggestive of traditional tobacco products were strictly
banned from e-cigarette advertising, thereby preventing
the indirect promotion of tobacco products. On the other

hand, the UK government adopted several policies

Social media

Online advertising

Television advertising
Newspapers or Magazines
Billboards and/or public signs
Radio advertising
Community

None

encouraging e-smoking over traditional smoking, such as
legalizing indoor vaping, notably in National Health
Service hospitals for both visitors and patients.'” In
Canada, e-cigarettes are legalized for sale and consump-
tion, with some restrictions on age, advertising, and public
use. The Canadian government stated, The Tobacco and
Vaping Products Act provides a balanced framework for
vaping products by protecting youth and non-users of
tobacco products from nicotine addiction and inducements
to use tobacco, while allowing adults to legally access
vaping products as a less harmful alternative to tobacco.
In the meantime, efforts have been undertaken by Health
Canada to regulate the use of flavors, packaging and
labeling, and advertising.'®

Figure | Sources of knowledge about e-cigarettes.

40 60 80

Percentage
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Table 4 Reliability Testing of the Favorability Scale

Scale Items Endorsed Correlation Between Item Cronbach’s Alpha

Item Score and Total Score without the Item
n %

Are e e-cigarettes approved by the FDA for smoking cessation? 54 13.5 0.437 0.680

Do you believe e-cigarettes lower the risk of cancer compared to | 124 | 3.1 0.714 0.591

smoking traditional cigarettes?

Do you believe e-cigarettes are a helpful aid for smoking 124 | 31.1 0.750 0.570

cessation?

Would you recommend the use of e-cigarettes as a smoking 70 17.5 0.689 0.599

cessation method to your patients?

Despite the unknowns, the use of e-cigarettes is better for my 143 | 358 0.730 0.584

patients than smoking tobacco products.

E-cigarettes are addictive.* 197 | 494 0.396 0.746

Note: *Inversely endorsed item, meaning favorable attitude was assumed to be “strongly disagree” and or “disagree” answers.

Do e-Cigarettes Lower the Risk of
Cancer Compared to Smoking Traditional

Cigarettes!?

In the present study, one-third of the respondents believed
that e-smoking reduces the risk of cancer when used as an
alternative to traditional cigarettes. Although it is known
that e-cigarette vapors contain significantly lower levels of
carcinogenic toxicants as compared to traditional tobacco,-
'® there is strong debate surrounding the harmfulness of
e-cigarettes compared to traditional cigarettes and whether
they are associated with reduced health risks, especially
regarding lung cancer and other tobacco-related
malignancies.

A survey among Korean lung cancer experts, including
pulmonologists, thoracic surgeons, and medical and radi-
ology oncologists, showed that most (>75%) believed that
e-smoking does not represent a safer alternative to tradi-
tional tobacco or smokeless tobacco. Additionally, two-
thirds alleged that discussing such issues with patients
would encourage its use. Consequently, approximately
80% of the respondents disapproved of e-smoking as a
smoking cessation method and did not recommend its
clinical use for patients."®

Indeed, the high temperatures reached in e-cigarette
devices result in transforming the liquid mixtures they

2021 A German

contain into highly toxic substances.
research team analyzed 28 liquids from seven e-cigarette
brands available on the German market. Among the

components detected, glycerol and propylene glycol

were the most frequently used solvents except for five
samples, where they were substituted by ethylene gly-
col, which has more toxic features. Other hazardous
substances such as coumarin and acetamide were
detected as additives. Specifically, after a certain period
of use of a widely used e-cigarette brand, substantial
amounts of formaldehyde, acetaldehyde, and propional-
dehyde were formed, and concentrations of these sub-
stances increased as a function of vaping time until they
reached levels comparable to those observed with tradi-
tional tobacco.?? Inhalation of formaldehyde is highly
associated with lung cancer, and some authors have
estimated that e-smoking could result in a 5- to 15-
times higher lifetime cancer risk than traditional smok-
ing owing to the presence in vaping liquids of formal-
dehyde-releasing agents that deposit more proficiently in
the respiratory tract than does the gaseous formaldehyde
contained in traditional cigarettes.”'

Consequently, the carcinogenic risk is more than
ever a concern, preventing the clinical use of e-cigar-
ettes in tobacco cessation and disproving it as a risk
reduction strategy. An interesting study by Stephens®’
assessed the relative cancer risk of vaporized nicotine
products and traditional tobacco products. The author
used a literature-based model of chemical emissions
and inhalation unit by type of vaporized product and
converted it into a lifetime cancer risk using comparable
daily consumptions. In a five-level magnitude from pure

air to traditional tobacco smoke, most e-cigarettes were

https:
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Table 5 Demographic and Academic Factors Associated with Favorable Clinical Attitude Toward e-Smoking (N = 399)

Parameter Category Favorable p-value
No (n, %) Yes (n, %)

Sociodemographic factors
Age Mean, SD 21.81 (3.15) 21.57 (1.92) 0.499
Gender Male 118 (66.3) 60 (33.7)

Female 187 (84.8) 34 (15.4) <0.001*
Nationality Non-Saudi 294 (76.4) 91 (23.6)

Saudi 11 (78.8) 3(21.4) 1.000F
Marital status Single 285 (77.7) 82 (22.3)

Married or divorced 20 (32.5) 12 (37.5) 0.053
No. children 0 292 (77.0) 87 (23.0)

1+ 13 (65.0) 7 (35.0) 0.216
Parents’ marital status Married 254 (75.6) 82 (24.4)

Divorced 28 (80.0) 7 (20.0)

Widowed 23 (82.1) 5(17.9) 0.642
Monthly income <3000 9 (69.2) 4 (30.8)

3000-10,000 56 (81.2) 13 (18.8)

>10,000 240 (75.7) 77 (24.3) 0516
Residence location Jeddah 287 (77.6) 83 (22.4)

Other city 18 (62.1) Il (37.9) 0.058
Living situation With family 274 (76.3) 85 (23.7)

With friends 8 (80.0) 2 (20.0)

Alone 23 (76.7) 7 (23.3) 0.964
Housing Own house 222 (76.3) 69 (23.7)

Rent 65 (74.7) 22 (25.3)

Student dormitory 18 (85.7) 3 (14.3) 0.562
Academic factors
Academic year 2nd 71 (74.7) 24 (25.3)

3rd 57 (75.0) 19 (25.0)

4th 80 (81.6) 18 (18.4)

Sth 48 (72.7) 18 (27.3)

6th 49 (76.6) 15 (23.4) 0.697
GPA 4.5-5 152 (78.4) 42 (21.6)

3.5-4.49 131 (74.0) 46 (26.0)

2.5-3.49 21 (77.8) 6 (22.2)

<25 1 (100.0) 0 (0.0 0.727

Note: *Indicates statistical significance.
Abbreviation: GPA, grade point average.
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Table 6 Favorable Attitudes Toward e-Smoking with Clinical Factors and Exposure to Smoking and e-Smoking (N = 399)

Parameter Category Favorable Favorable
No (n, %) Yes (n, %) p-value

Clinical data
BMI class Normal or 204 (79.1) 54 (20.9)

underweight

Overweight or obese 101 (71.6) 40 (28.4) 0.094
Chronic disease No 233 (74.9) 78 (25.1)

Yes 72 (81.8) 16 (18.2) 0.178
Family history of mental disorder No 226 (76.9) 68 (23.1)

Yes 79 (75.2) 26 (24.8) 0.735
Exposure to smoking and e-smoking
Smoking status Nonsmoker 237 (80.6) 57 (19.4)

Ex-smoker 16 (61.5) 10 (38.5)

Current smoker 52 (65.8) 27 (34.2) 0.004*
Current Smoking status Never smoked 237 (80.6) 57 (19.4)

Current or ex-smoker 68 (64.8) 37 35.2) 0.001*
Immediate family member smokes No 124 (78.0) 35 (22.0)

Yes 181 (75.4) 59 (24.6) 0.554
Ever e-smoked No 212 (83.8) 41 (16.2)

Yes 93 (63.7) 53 (36.3) <0.001*
Current e-smoker No 283 (80.2) 70 (19.8)

Yes 22 (47.8) 24 (52.2) <0.001*
Family member or friend uses e-cigarettes | No 165 (85.5) 28 (14.5)

Yes 140 (68.0) 66 (32.0) <0.001*

Note: *Statistically significant result (p < 0.05).
Abbreviation: BMI, body mass index.

estimated to have potencies <1% of traditional tobacco;
while products susceptible to generating high levels of
carbonyl had higher cancer potencies. Additionally, the
lifetime risk of cancer was estimated to be lowest in
nicotine inhalers than normal power e-cigarettes, while
it was relatively higher in heat-not-burn products. The
author called for high levels of caution with the use of
such products, highlighting the existence of hazardous
combinations of liquid formulation and consumption
behaviors.>* In an animal lung model, Canistro et al**
demonstrated that e-cigarette vapors induced strong car-
cinogenic effects, including boosting the activity of a

carcinogen-bioactivating enzyme, increasing oxygen free

radical production, and enhancing DNA damage at both
the chromosomal and genetic levels. Such findings pro-
vide evidence of the carcinogenic risk associated with
e-cigarettes, especially among youngsters and vulnerable
users.”* Data from in vitro studies have confirmed the
harmful effects of e-cigarettes on cells, including altera-
tion of gene expressions, notably those involved in
apoptosis, hypoxia, inflammation, and biosynthesis path-
ways. However, these changes were demonstrated to be
less remarkable than those observed with traditional
cigarette smoke, even at higher nicotine concentrations,

. . . 25-2
leading to cautious conclusions.” >’
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Table 7 Predictors of Favorable Attitude Toward e-Smoking (Regression)

Predictor Category OR 95% CI p-value
Gender Male 2.39 1.42 4.0l 0.001*
Female Ref — - -
Smoking status Never smoker Ref - - -
Ever smoked 0.80 0.40 1.58 0513
Ever e-smoked No Ref - - -
Yes 2.25 .17 432 0.015*%
Current e-smoker No Ref - - -
Yes 2.09 0.96 4.56 0.065
Close person e-smoker | No Ref - - -
Yes 1.44 0.8l 2.57 0.218

Notes: Multivariate binary regression. *Statistically significant result (p < 0.05).

Abbreviations: OR, odds ratio; Cl, confidence interval; Ref, category used as reference to calculate the OR.

e-Cigarettes for Smoking Cessation or as
a Risk Reduction Strategy

Regarding specific items related to e-cigarette usefulness
in smoking cessation, almost one-third of the participants
in the present study agreed with the theoretical statement
and 28.6% were not sure, while 17.5% declared that they
would recommend it to their patients as a smoking cessa-
tion method. Additionally, 35.9% subscribed to the point
of view that e-cigarettes are better for patients than tradi-
tional tobacco products. Given the complexity of the
scientific debate, several dimensions of addiction, toxicity,
and public health should be considered to address this
issue.

A meta-analysis pooling data from 38 controlled stu-
dies, including cohort and cross-sectional studies and clin-
ical trials, demonstrated an adverse effect of e-cigarettes
on smoking cessation, with 28% fewer quitting among
e-cigarette users when compared with non-users.”® The
expert opinions in the international body of literature
transmits a persistent skepticism among health profes-
sionals regarding the use of e-cigarettes in smoking cessa-
tion. In Netherlands, a majority of physicians and tobacco
counselors have declared they are advising their patients
against vaping, although they recognize it as being less
harmful than traditional tobacco.?’ In the United States, a
predominantly negative view of e-smoking was found
among professionals, owing to the lack of strong evidence
for its efficacy and resulting in dissuasive advice to
patients and the population by general practitioners and
quit line professionals.’®*' In the south-west of England, a
qualitative study explored attitudes among 25 smoking
cessation service staff members about e-cigarette friendly
services. Attitudes ranged from active engagement in

promoting e-smoking within the service for reducing the
risks related to smoking, especially among the unfavored
patients, to complete reluctance justified by fundamental
ethics of duty of care, considering the risk of the addic-
tiveness of e-cigarettes and the controversy surrounding
the issue, in addition to the lack of a strong public health
leadership addressing the issue.*?

Aside from this dominant negative opinion, some stu-
dies have revealed more ambiguous attitudes; notably, a
US study showed that more than 50% of patients reported
being directly or indirectly advised by their personal phy-
sicians to use e-cigarettes as a supplemental aid for smok-
ing cessation.>® Another qualitative study showed that a
high percentage of American physicians would be amen-
able to recommending e-cigarettes to their patients, subject
to new convincing evidence regarding long-term effects
and safety.>* Finally, a US study involving junior physi-
cians found that those who were likely to recommend
e-smoking therapeutically were doing so with a harm
reduction approach rather than as a quitting method.*
Consequently, negative attitudes regarding the clinical
and therapeutic use of e-cigarettes are likely to be the
norm among health professionals, and particularly cessa-
tion counselors, while shifts in opinions may occur under
eventual novel evidence. From the patient’s perspective, a
study involving individuals who successfully used e-cigar-
ettes to quit smoking collected their advice to smokers
about how to eventually use e-cigarettes to support a
smoking cessation attempt. Participants recommended
combining the suitable device with flavor and finding the
appropriate nicotine dosage. They also suggested continu-
ing to smoke and vape temporarily, if needed, and expect-

ing an improvement in health after a total switch to
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e-smoking. Finally, they encouraged interacting with
e-smokers, notably in online dedicated forums, to find

timely support and increase the hope of success.*®

Are e-Cigarettes Addictive!?

Students’ beliefs regarding the addictiveness of e-cigar-
ettes were mixed; 50.6% agreed with the statement, while
the remaining students were neutral or disagreed. It is a
common belief that e-cigarettes are less addictive than
traditional cigarettes. However, several studies have
shown high levels of dependency among e-cigarettes
users, sometimes surpassing those of traditional tobacco
products. One cross-sectional study showed a two-fold
increase on a nicotine dependency index among e-smokers
and a 1.5-fold increase among dual e-cigarette and tradi-
tional cigarette smokers. Such observations highlight the
addictive effects of e-cigarettes and suggest the concur-
rence of other behavioral factors of addiction that are
specifically associated with e-smoking, such as a tendency
for daily overuse and the use of e-liquids that are highly
concentrated in nicotine.?” In some e-smoking devices, the
nicotine boost effect was observed to be greater than with
traditional cigarettes due to the rapid inhalation of highly
concentrated liquids, which is thought to be one of the
major factors with increased dependency.***° From a
larger preventive public health perspective, the issue of
nicotine dependency is principally nourished by concerns
about e-smoking becoming a springboard for nicotine
addiction among youth. Data from the body of literature
show high levels of nicotine dependency among adoles-
cents, which is associated with an earlier onset of e-smok-
ing, more frequent daily use, use of highly concentrated

nicotine e-liquid, and dual smoking.*'**?

Prevalence of e-Smoking

In the present study, experience with and current use of
e-cigarettes showed a prevalence of 36.6% and 11.5%,
respectively, in the student population. Subgroup analysis
showed that the rate of ever having e-smoked was remark-
ably higher among ex-smokers (88.5%) and current smo-
(82.3%) than (15.0%).
Additionally, 30.8% of ex-smokers were current e-smo-

kers among nonsmokers
kers, versus 2.7% of nonsmokers (these results were not
presented because they were not within the scope of the
study). Although the participants’ motivations for e-smok-
ing were not explored in the present study, these differ-
ences may suggest the use of e-smoking for smoking

cessation purposes. However, use by nonsmokers may be

related to unawareness about the fact that e-cigarettes are
considered tobacco products. Moreover, previous experi-
ence with e-smoking was independently associated with
higher rates of favorable attitudes toward the therapeutic
use of e-cigarettes, and no significant differences were
observed across academic levels. These observations may
indirectly reflect the gap of knowledge among the medical
students about e-smoking. This can be further supported
by social media being the dominant source of knowledge
about e-cigarettes, which provide inaccurate information
and promote a positive image of e-smoking.

Conclusion

Approximately one-quarter of the medical students in the
present study were likely to be favorably inclined to use
e-cigarettes therapeutically as a smoking cessation method
or as a risk reduction strategy for patients, and this was
highly predicted by previous experience with e-smoking.
We noted a substantial gap in knowledge about e-smoking,
with low confidence levels and social media being the
main source of knowledge. These observations indicate
the insufficiency of formal medical education programs
regarding the issue, which have resulted in misconceptions
about the addictiveness and inadequate awareness of the
harmful effects of e-cigarette, leading to non-scientific
opinions about its therapeutic use in smoking cessation
or as a harm reduction approach. Without excluding a
shift in expert opinions, effective awareness campaigns
should be implemented among both health professionals
and the general population. Such campaigns should pro-
mote the majority of experts’ attitude regarding the clinical
and therapeutic use of e-cigarettes that calls for great
caution, stressing the risk of escalated health hazards in
the case of normalization due to the intrinsic toxicity of the
products or because of inappropriate consumer behaviors.

Abbreviations

BMI, body mass index; CDC, Centers for Disease Control;
CI, confidence interval, EU, European Union; FDA, US
Food and Drug Administration; GPA, grade point average;
KAU, King Abdulaziz University; OR, odds ratio; SD,
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