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Background: High prevalence of mental disorders is associated with psychoactive substances, significantly contributing to morbidity,
disability, and premature mortality. Worldwide, individuals who use electronic-cigarettes (EC) and have a mental health diagnosis are
more likely to experience stress, depression, and drug use. This study aims to measure the prevalence of both EC use and mental health
disorders namely, anxiety and depression additionally to investigate the association between EC use and mental health status among
the general population of Saudi Arabia.

Methods: A cross-sectional analytical study was conducted across Saudi Arabia from November 2022 to May 2023. The survey was
divided into three sections. The first section focuses on the demographics, while the second part asked about both conventional and EC
smoking and their frequency. The third section assessed mental health status using a Patient Health Questionnaire with a 9-item
depression scale (PHQ-9) and a 7-item Generalized Anxiety Disorder scale (GAD-7).

Results: The study revealed 21.1% reporting EC use in the past thirty days. While 19.8% reported smoking tobacco one or more days
within the last thirty days. Regarding mental health, 36.6% of individuals had minimal anxiety, while 42.4% experienced mild anxiety.
Moreover, most of the participant were considered to have mild followed by minimal depression accounting for 36.7% and 31.9%,
respectively. The results indicated a positive and significant correlation between perceived depression scores and nicotine dependence
among EC users. Additionally, there was a strong relationship between gender and nicotine dependence, with men being more inclined
than women.

Conclusion: There is a correlation between nicotine use and mental health outcomes; people who use nicotine products are more
likely to experience anxiety and depression.
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Introduction

Over the past three decades, a global decline in tobacco smoking rates was observed with an inverse increase in the use of new
tobacco products, namely electronic cigarettes (EC), a battery-powered device that delivers nicotine through a mouthpiece.'~
This shift is mainly attributed to the fact that EC has been advertised as an effective method for smoking cessation with relatively
less negative effect on health.”* However, EC has been confirmed to contain carcinogens in addition to nicotine; in fact, certain
types of EC may contain tetrahydrocannabinol (THC) and vitamin E acetate, which can cause a new form of lung injury named
EC or vaping product use associated lung injury (EVALI), identified back in 2019.* The global tobacco control branch aimed to
determine the global prevalence of EC by analyzing the data of 14 countries from 2015 to 2018. Results revealed the highest
prevalence of EC in Russia, 14.2%, and Romania, 11.3%. In comparison, the remaining nine countries had a prevalence of less
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than 1% (Bangladesh, China, Ethiopia, India, Mexico, Philippines, Senegal, Uruguay, and Vietnam).” In Canada, EC use
prevalence was 16.1% back in 2014.° Locally, in Saudi Arabia, EC prevalence was reported to be 26.3% in 2022.”

According to the World Health Organization (WHO), mental health is defined as a “state of well-being in which the
individual realizes his or her abilities, can cope with the normal stresses of life, can work productively and fruitfully, and
can contribute to his or her community”.® Worldwide, there is a high prevalence of mental disorders associated with
psychoactive substances, significantly contributing to morbidity, disability, and premature mortality. The most prevalent
mental health issue is depression, which affects women twice as often as males.® Research indicates that mental
problems, such as depression and those linked to impulsivity (attention-deficit/hyperactivity disorder, oppositional defiant
disorder, and conduct disorder), increase the likelihood of subsequent substance abuse, such as nicotine addiction.’ By
looking at the statistics on tobacco product use among young adults, including e-cigarette usage, it is evident that
individuals who use EC and have a mental health diagnosis are more likely to experience stress, depression, and drug
use, especially marijuana.'®'" In other studies, smoking has been linked to an increased risk of developing depression
over time, even after controlling for confounders;'? parallel connections may also exist for other mental health
problems."® Younger people tend to be more affected by cigarette smoking in terms of their chance of developing
later mood and anxiety problems.'* According to a meta-analysis, quitting smoking is linked to lower levels of stress,
anxiety, and depression, especially in people with mental health diagnoses.'

A systematic review by Becker TD et al illustrates that young adults with mental illnesses consume nicotine more
frequently than their peers without such conditions.'® This might happen because of the following factors: (1) attempts to treat
symptoms on their own, such as cognitive deficits in ADHD or low mood; (2) attempts to counteract sedative side effects of
psychotropic medications; (3) prevalent underlying genetic or environmental risk factors for smoking and mental illness; or
(4) neurotoxic effects of nicotine on mental health.'® There are probably other individual-specific elements involved.'®
A study conducted in 2014 aimed to investigate the possible association between EC use and psychological distress in
arepressive sample of United States adults, which revealed a significant association between increased levels of psychological
distress and cigarette and EC use.'” Furthermore, a recent study examined the associations between youth substance use and
psychological distress during 2019-2021. It concluded that EC had the strongest standardized association with psychological
distress compared to other substances.'® Additionally, the association between EC and depressive symptoms intensified
significantly from 2019 to 2021."®

Compared to other substances, the association between EC and mental health remains understudied. Therefore, there
is an imminent need to investigate this association, especially considering the observed increase in the rates of EC use in
Saudi Arabia.

Methods

Study Design

This is a cross-sectional analytical study that was conducted in Saudi Arabia from November 2022 to May 2023. The
study population included the adult general population of Saudi Arabia who aged >18. For data collection, we used
a convenience technique using an online self-administered survey; for all five regions, we enlisted volunteers to collect
data by any means necessary, including face-to-face interviews and social media platforms through WhatsApp, Telegram,
and other platforms. Sample size was calculated by the following formula: Sample Size = Z2p(1-p)/c2. Z = Z value or
called confidence level = 1.96 for 95%. p = percentage picking a choice = 0.5. ¢ = confidence interval = +5% = 0.05. The
minimum sample size needed to achieve a precision of +5% with a 95% confidence interval is 385.

Study Questionnaire

The survey was divided into three sections. The first section focuses on the demographic and personal information of the
participants, including gender, age, nationality, place of residence, and body mass index (BMI). The BMI was calculated
as the body mass divided by the square of the body height and expressed as kg/m2, resulting from weight in kilograms
and height in meters.
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The second part of the questionnaire assessed aspects of EC use and conventional smoking. EC use was assessed by
asking, “Have you ever used an EC in your life?” (yes/no). Answering no was classified as “never use.” Respondents
who answered in the affirmative were asked, “Have you used ECs in the past 30 days?” (yes/no). Answering yes was
classified as a “current user”, and answering no was classified as a “former user.” Those who said “yes” were asked an
additional question to assess the frequency: “How many puffs do you smoke daily?”

Similarly, cigarette smoking was assessed by asking, “Have you ever smoked even one puff in your life?” (yes/no).
Answering no was classified as “never smoker”. Respondents who answered in the affirmative were asked, “In the past
30 days, how many days did you smoke?” Answering ‘one or more days’ was classified as “current smoker”, and
answering “none” was classified as “former smoker”. Those who said “yes” were asked an additional question to assess
the frequency: “How many packets do you smoke daily?”

Lastly, Mental health functioning was determined by assessing for anxiety and depression using the following tools.
The Patient Health Questionnaire (PHQ-9) included nine items on a 4 Likert scale (0—3). The total scores range from 0 to
27; the collective score is then interpreted at cut-off points at 4, 5, 10, 15, and 20 as none/minimal, mild, moderate,
moderately severe, and severe, respectively. In addition, the Generalized Anxiety Disorder scale (GAD-7) included seven
items on a 4 Likert scale (0-3), total scores ranging from 0 to 21, and the collective score is interpreted at cut-off points
at 4,5, 10, and 15 as none/minimal, mild, moderate, and severe, respectively.

Statistical Data Analysis

The mean and standard deviation were used to describe the continuous variables. The median and the interquartile range ranges
were used to define variables that showed statistical normality assumption violations. The categorical variables were described
with frequencies and percentages. The categorical exploratory Factor Analysis (FA) was used to reduce the indicators of nicotine
dependence (smoking, smoked days, and number of cigarettes per day and the like measured e-cigarettes use factors) into
a standardized one metric score that characterized nicotine dependence factor-based (z-score), the resulted factor solution was
evaluated for reliability, and salient item-factor loadings were considered when loadings were >0.32. The resulting factor analysis
based on Nicotine dependence Z-score was transformed into a normed T-score by multiplying the z-score by ten and then adding
the resulting product to 50 points. The Spearman’s (Rho) correlation test assessed the bivariate correlations between metric-
measured perceptions. The Generalized Linear Multivariable Modelling was used to determine the statistical significance of
predictors for each measured concept (depression, anxiety, and nicotine dependence scores) using the Gamma Regression due to
skewness in the error modeling using the other conventional regression methods. The association between the predictor variables
with their dependent outcome variables was expressed as multivariate-adjusted Risk Rates (RR) with a 95% confidence interval.
The SPSS IBM software version 21 was used for statistical data analysis. Alpha significance level was considered at 0.050 level.
The Cronbach’s alpha internal consistency test was applied to the measured questionnaires (Table 1). The resulting findings
showed that the Patients Health Questionnaire was measured with sufficient internal consistency, Cronbach’s alpha = 0.885,
likewise the Generalized Anxiety Disorder seven-item questionnaire was internally consistent, Cronbach’s alpha = 0.888, but
also the six categorical questions that characterized people’s nicotine dependence and consumption had great internal consistency
according to the categorical Cronbach’s alpha (=0.79) test. This indicates that the measured indicators of depression, anxiety, and
nicotine consumption were read and understood equally reliably by people.

Results

A total of 2293 people residing in Saudi Arabia enrolled in the study and completed the questionnaire. Table 2 displays
the resulting descriptive analysis of people’s sociodemographic characteristics; findings showed that 50.8% of people

Table | Internal Consistency/ Reliability Analysis of the Measured Questionnaires

Number of Indicators | Cronbach’s Alpha

Patients health (PHQ9) depression questionnaire 9 0.885
Generalized Anxiety GAD7 Disorder scale 7 0.888
Nicotine dependence indicators 6 0.79
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Table 2 Descriptive Analysis of People’s Sociodemographic
Characteristics. N=2293

Frequency | Percentage

Sex
Female 1164 50.8
Male 1129 49.2
Age group
18-25 years 1068 46.6
26-35 years 458 20
36-45 years 364 15.9
46-55 years 251 10.9
56-65 years 109 48
66 or above years 43 1.9
Weight (Kilograms), mean (SD) 70.78 (18.3)
Height (centimeters), mean(SD) 165.34 (9.93)
Body Mass Index (BMI), mean (SD) 25.81 (6.03)
Body Mass Index levels
Underweight 331 14.4
Normal 843 36.8
Overweight 661 28.8
Obese Class | 458 20
Nationality
Non-Saudi 107 4.7
Saudi 2186 95.3
Educational Level
Elementary /Middle school graduates 108 47
High school 486 21.2
Bachelors degree 1482 64.6
Masters degree 142 6.2
PhD or equivalent education 75 33
Employment state
Student 914 399
Governmental employed 610 26.6
Private sector employed 268 1.7
Retired 161 7
Not working 285 12.4
Other 55 24
Residence
Central Region 575 25.1
Eastern Region 516 225
Western Region 395 17.2
Northern Region 360 15.7
Southern Region 447 19.5

were females. The distribution of people’s age groups is shown in Figure 1; most were aged between 18 and 28 years
accounting for 46.6%. Considering the body mass index levels of the respondents, the majority were considered to have
normal BMI 36.8%, followed by overweight and obesity class I accounting for 28.8%, 20% respectively.

Regarding nationality, 95.3% of participants were Saudis. The majority of respondents educational level was
a university degree 64.6%, followed by high school degree 21.2%.

Additionally, the employment state of people showed that 39.9% were still students, 26.6% were government
employed, but 11.7% of them were private-sector employed. However, 7% of them were retired, 12.4% of them were
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Figure-A: The distribution of people's age groups
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Figure | The distribution of People’s age groups.
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unemployed. Concerning the residence of people, the majority lived in the central or eastern region of the kingdom

accounting for 25.1% and 22.5%, respectively.

Table 3 displays the results of the descriptive analysis of people’s nicotine dependence indicators; 31.6% of

respondents confirmed using EC at least once in their lifetime, while 21.1% have used EC in the last thirty days.

Table 3 Descriptive Analysis of People’s Smoking Habits

Frequency | Percentage

Have you ever used an Electronic Cigarettes in your life?

No 1568 684

Yes 725 3.6
Have you used Electronic Cigarettes in the past 30 days?

No 1809 789

Yes 484 21.1
How many times a day do you smoke e-cigarettes (If we assume that
each time is equal to 10 puffs) ?

Not applicable/none 1568 68.4

Less than 10 303 132

10-20 times 145 6.3

21-30 times 101 4.4

3140 times 67 29

>40 times 109 48
Have you ever smoked a cigarette, even one puff in your life?

No 1219 532

Yes 1074 46.8
In the past 30 days, how many days did you smoke?

None/NA 1839 80.2

One day or more 454 19.8
How many cigarettes do you smoke a day?

Not applicable/none 1839 80.2

Less than 10 cigarettes 232 10.1

10-20 cigarettes 145 6.3

21-30 cigarettes 49 2.1

3140 cigarettes 21 0.9

>40 cigarettes 7 0.3
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Regarding the frequency of EC use, 13.2% smoked EC less than ten times in the last month, and 6.3% smoked EC 10-20
times in the previous thirty days.

Additionally, 46.8% of the respondents were found to have smoked tobacco in their lifetime, whereas 19.8% reported
smoking tobacco one or more days within the last thirty days. However, people were asked to indicate how many
cigarettes they smoked daily. The resulting findings showed 10.1% smoked <10 cigarettes/day, another 6.3% smoked
between 10 and 20 cigarettes per day.

Table 4 displays the descriptive analysis of people’s perceptions of the indicators of generalized anxiety and
depression. The results revealed that people’s top perceived indicator of anxiety was feeling nervous, anxious, and on
edge; followed by becoming easily annoyed and having trouble relaxing. Whereas people’s top perceived indicator of
depression was Feeling tired or having little energy; followed by trouble falling or staying asleep, then losing appetite or
overeating and feeling down and depressed, followed by having little interest/pleasure in doing things.

Most of the indicators of depression and anxiety were found to be positively skewed as such, were described with the
mean +SD and the medians and inter-quartile ranges.

Table 5 displays the findings for the descriptive analysis of people’s overall perceptions of anxiety and depression.
The yielded results showed that people’s overall mean perceived Generalized Anxiety (GAD7) score was 6.48 (4.62),
also considering the anxiety levels, note Figure 2, it was found that 36.6% of people were considered to have low anxiety,
while 42.4% were considered to have mild anxiety. Moreover, people’s perceived depression was rated with a mean
collective score of 7.82 (5.76). Most were considered to have mild followed by minimal depression accounting for
36.7%, 31.9% respectively, whereas only 4.8% reported severe depression level Figure 3.

The Non-Linear Factor Analysis was applied to people’s measured EC and tobacco cigarette consumption indicators
to reduce them into a single latent continuous factor that can characterize their nicotine dependence. The resulting
analysis finding displayed in Table 6, showed that the six indicators had loaded saliently and positively (well >0.690) to
a single latent factor that explained 66.7% of the variability between people on their nicotine dependence and consump-
tion types. Therefore, people who scored higher on the latent nicotine dependence factor score tended to consume more
tobacco and EC and were inclined to more daily consumption of both types and vice versa. According to the Categorical

Table 4 Descriptive Analysis of People’s Perceptions of the Indicators of Anxiety and Depression

Mean Median | IQR

(SD)
GENERALIZED ANXIETY (GAD7) QUESTIONNAIRE INDICATOR
| .Feeling nervous, anxious, or on edge 1.14 (0.83) 1.00 0.000
2.Not being able to stop or control worrying 0.90 (0.82) 1.00 1.000
3.Worrying too much about different things 1 (0.90) 1.00 1.000
4.Trouble relaxing 1.01 (0.87) 1.00 1.000
5.Being so restless that it’s hard to sit still 0.64 (0.80) 0.00 1.000
6.Becoming easily annoyed or irritable 1.10 (0.87) 1.00 1.000
7.Feeling afraid as if something awful might happen 0.80 (0.88) 1.00 1.000
PATIENT HEALTH QUESTIONNAIRE (DEPRESSION) INDICATORS
| Little interest or pleasure in doing things 0.91 (0.86) 1.00 1.000
2.Feeling down, depressed, or hopeless? 1.01 (0.86) 1.00 1.000
3.Trouble falling or staying asleep, or sleeping too much? 1.14 (0.97) 1.00 2.000
4.Feeling tired or having little energy? 1.20 (0.92) 1.00 1.000
5.Poor appetite or overeating? 1.04 (0.95) 1.00 2.000
6.Feeling bad about yourself — or that you are a failure or have let yourself or your family down? 0.81 (0.93) 1.00 1.000
7.Trouble concentrating on things, such as reading the newspaper or watching television? 0.80 (0.90) 1.00 1.000
8.Moving or speaking so slowly that other people could have noticed? Or so fidgety or restless that you have | 0.50 (0.79) 0.00 1.000
been moving a lot more than usual?
9.Thoughts that you would be better off dead, or thoughts of hurting yourself in some way? 0.42 (0.77) 0 0

Note: Most of the indicators of depression and anxiety were found to be positively skewed as such were described with the mean +SD and the medians and inter-quartile
ranges.
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Table 5 Descriptive Analysis of People’s Overall Perceptions of
Anxiety and Depression

Mean (SD) | Median (IQR)

Generalized Anxiety score 6.48 (4.62) 6 (6)
Generalized Anxiety score levels

0—4 (none-minimal) 839.00 36.60

5-9 (mild) 973.00 42.40

10—-14 (moderate) 326.00 14.20

2|5 or more (severe) 155.00 6.80
Depression (PHQ) score 7.82 (5.76) 7 (8)
Depression (PHQ) score levels, N (%)

0—4 (none-minimal) 732.00 31.90

5-9 (mild) 841.00 36.70

10-14 (moderate) 427.00 18.60

15—19 (moderately severe) 182.00 7.90

5=20-27 (severe) 111.00 4.80

Cronbach’s alpha test, the six indicators were internally consistent, denoting that people had read and understood them
equally reliably. The analysis program computed the nicotine factor score and expressed it as a Z-score with a mean =
zero and an SD = 1. However, we converted it into a T-score to analyze it using the multivariable regression analysis.

The Bivariate Spearman’s (Rho) test analysis, Table 7, showed that the people’s mean perceived anxiety and
depression scores had correlated positively and significantly with each other’s, rho = 0.724, p <=0.010, denoting that
as people’s anxiety score tended to rise their mean perceived depression score tended to rise significantly accordingly and
vice versa. Also, the resulting factor analysis-based nicotine dependence score had correlated positively and significantly
but very weakly with people’s depression mean perceived (PHQ9) score, rho = 0.10, p-value < =0.010, denoting that
people who consume more nicotine products tended to perceive greater depression in general. From another hand,
people’s perceived mean anxiety score and their nicotine dependence score did not correlate significantly.

The Multivariable Generalized Linear Models with Gamma Regression was applied to people’s mean perceived
Nicotine dependence factor based score, the resulted findings, shown in Table 8, males were found to be significantly

Figure-B: The percentage of people with different anxiety perceived
levels
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Figure 2 The percentage of people with different anxiety perceived levels.
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Figure-C : The percentage of people with different perceived depression
levels.
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Figure 3 The percentage of people with different perceived depression levels.

more inclined to nicotine dependence (1.157 times more, or 15.7% times higher) compared to females, p-value < 0.001.
Also, the resulted analysis model showed that people’s sex had correlated significantly and negatively with their nicotine
dependence factor score, people aged >66 years were found to be significantly less predicted to nicotine dependence
(9.57% times less) compared to those aged 18-25 years old, p-value=0.001, also people aged between 56—65 years were
found to be significantly less inclined to nicotine dependence (5.3% times less) compared to people aged 18-25 years,

Table 6 Categorical Factor Analysis Component Analysis Yielded Item-Factor Loadings

Nicotine
Dependence
Latent Factor

Q_I Have you ever used an Electronic Cigarettes in your life? 0.884
Q_2 Have you used Electronic Cigarettes in the past 30 days? 0.790
Q_3 How many times a day do you smoke e-cigarettes (If we assume that each time is equal to 10 puffs) ? 0.894
Q_4 Have you ever smoked a cigarette, even one puff in your life? 0.695
Q_5 In the past 30 days, how many days did you smoke? 0.809
Q_6 How many cigarettes do you smoke a day? 0.807

Note: Variable Principal Normalization.

Table 7 Bivariate Spearman Correlations Between the Measured Perceptions

PHQ Score GAD7 Score

Patients health Depression (PHQ9) score 1.000
Generalized Anxiety (GAD7) score 0.724**
Nicotine dependence Factor analysis based T-score 0.10%* 0.007

Note: ** p-value is significant at <=0.010 level.
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Table 8 Generalized Multivariate Linear Gamma Regression Analysis for People’s Perceived
Nicotine Dependence T-Score. N=2293

Parameter Multivariate Adjusted 95% CI for RR | p-value
Risk Rate(RR)
Lower | Upper

(Intercept) 49.352 46.670 | 52.188 | <0.00l
Sex= Male 1.157 1.141 1.175 <0.001
Age=(66 or above years) 0.904 0.851 0.961 0.001
Age=(56—65 years) 0.947 0.905 0.991 0.019
Age=(46-55 years) 0.948 0919 0.978 0.001
Age=(36—45 years) 0.954 0.929 0.980 0.001
Age=(26-35 years) 1.013 0.990 1.038 0.273
Nationality =Saudi 0.984 0.952 1.016 0.327
Residence= Southern provinces 0912 0.894 0.931 <0.001
Residence= Northern provinces 0.931 0911 0.952 <0.001
Residence= Western provinces 0.941 0.921 0.962 <0.001
Residence= Eastern provinces 0.936 0916 0.956 <0.001
Educational Level= PhD or equivalent 0.943 0.897 0.991 0.020
Educational level= Masters degree 0.938 0.899 0.978 0.003
Educational level= University degree 0.981 0.949 1.013 0.245
Educational level= High school 0.979 0.945 1.013 0.222
Employment=Other 1.013 0.967 1.062 0.575
Employment=Unemployed 1.006 0.979 1.033 0.687
Employment=retired 1.001 0.960 1.045 0.946
Employment=Private sector 1.082 1.053 1112 <0.001
Employment=Government sector 1.021 0.996 1.047 0.105
Body Mass Index score 1.000 0.999 1.001 0916
Generalized Anxiety (GAD7) score 0.999 0.997 1.001 0.323
Patients health (PHQ9) depression 1.004 1.003 1.006 <0.001
questionnaire score

Note: Dependent Variable: Nicotine Dependence Factor based T-score.

p-value=0.019, and people aged between 46 and 55 years were found to be significantly less predicted to nicotine
dependence (5.2% times less) compared to people aged 18-25 years, p-value=0.001, but also people aged between 36
and 45 years were found to be significantly less predicted to nicotine dependence (4.6% times less) compared to people
aged between 18 and 25 years, p-value = 0.001. People aged between 26 and 35 years did not differ significantly from
those aged between 18 and 25 years with respect to their mean perceived nicotine dependence, p-value=0.273. Also,
people’s nationality did not converge significantly on their perceived nicotine dependence score.

The resulted analysis findings also showed that people residing in different KSA provinces differed significantly with respect
to their mean perceived nicotine dependence, people residing in Southern, northern, Eastern and western provinces) measured
significantly lower mean perceived nicotine dependence when compared to people residing in the central regions on average,
p-value <0.001 each respectively, note Figure 4. Also, people’s education had correlated negatively with their perceived nicotine
dependence score, people educated with a PhD level were found to be significantly less predicted (5.7% times less) to nicotine
dependence compared to people with primary and intermediate education level on average, p-value = 0.0200, also people
educated with Master’s degree were found to be significantly less predicted (6.2% times less) to nicotine dependence compared to
those with primary and intermediate educational levels, p-value=0.003, but people with university degree and those with high
school educational levels did not differ significantly with respect to their nicotine dependence compared to those with primary
and intermediate educational levels, p > 0.050 each, respectively. People’s employment state levels did not differ significantly
with respect to their nicotine dependence except people employed in the private sector were found to be significantly more
predicted to nicotine dependence (8.2% times more) when compared to the students, p-value < 0.001. Moreover, people’s mean

Body mass index (BMI) and their perceived anxiety scores did not correlate significantly with their mean nicotine dependence
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Figure-D: The association between people's residence and their
perceived Nicotine dependence T-score.
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Figure 4 The association between people’s residence and their perceived Nicotine dependence T-score.

score, but people’s mean perceived depression (PHQ9) score had converged positively and significantly on their mean perceived
nicotine dependence factor score, for each additional one points rise in people’s perceived PHQ9 depression score their mean
predicted nicotine factor score tended to rise by a factor equal to 0.4% times higher on average, p-value < 0.001, depression
predicted more nicotine use and consumption as such.

Also, the resulted analysis model showed that people’s sex had correlated significantly and negatively with their
nicotine dependence factor score, people aged >66 years were found to be significantly less predicted to nicotine
dependence (9.57% times less) compared to those aged 18-25 years old, p-value=0.001, also people aged between 56
and 65 years were found to be significantly less inclined to nicotine dependence (5.3% times less) compared to people
aged 18-25 years, p-value=0.019, and people aged between 46 and 55 years were found to be significantly less predicted
to nicotine dependence (5.2% times less) compared to people aged 18-25 years, p-value=0.001, but also people aged
between 36 and 45 years were found to be significantly less predicted to nicotine dependence (4.6% times less) compared
to people aged between 18 and 25 years, p-value = 0.001.

Parameter Estimates

To understand better what may explain people’s perceived Generalized Anxiety (GAD7 score) the multivariable
Generalized Linear Models with Gamma Regression was applied to people’s mean perceived generalized anxiety
score regressing it against people’s sociodemographic and nicotine dependence-related factors. The yielded multivariable
findings, Table 9 showed that male people were found to be significantly less predicted (9.8% times less) to anxiety
compared to females on average, p-value < 0.001. People’s age groups also differ significantly with respect to their mean
perceived GAD7 score, people aged between 46 and 55 years were found to be significantly more inclined to anxiety
(12.1% times more) on average compared to people aged between 18 and 25 years, p-value = 0.002, also people aged
between 36 and 45 years measured significantly higher mean perceived GAD score (12.3% times higher) on average
compared to those people aged between 18 and 25 years, p-value < 0.001, and people aged between 26 and 35 years were
also found to be significantly more inclined to anxiety (7.5% times more) compared to those aged between 18 and 25
years on average, p-value = 0.013. Nonetheless, people’s educational level and body mass index (BMI) and occupation
did not correlate significantly with their mean perceived generalized anxiety score. Not unexpectedly, people’s mean
perceived depression score had correlated positively and significantly statistically with their mean perceived anxiety
score, for each additional one points rise in people’s perceived PHQ9 depression score their mean perceived anxiety
score tended to rise by a factor equal to 8.2% times higher on average, p-value < 0.001. People’s days of smoking
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Table 9 Generalized Multivariate Linear Gamma Regression Analysis for People’s Perceived Generalized

Anxiety (GAD7) Score

Parameter Multivariate 95% CI for RR | p-value
Adjusted
. Lower | Upper
Risk Rate(RR)
(Intercept) 4.015 3.535 4.559 <0.001
Sex= Male 0.902 0.862 0.944 <0.001
Age=(66 or above years) 1.154 0.984 1.355 0.079
Age=(56-65 years) 0.994 0.896 1.102 0.901
Age=(46-55 years) 1.121 1.041 1.206 0.002
Age=(36—45 years) 1.123 1.054 1.196 <0.001
Age=(26-35 years) 1.075 1.016 1.139 0.013
Educational Level 0.981 0.953 1.009 0.184
Body Mass Index 0.998 0.995 1.002 0413
Patients perceived health depression (PHQ?9) questionnaire score 1.082 1.078 1.087 <0.001
In the past 30 days, how many days did you smoke? 0.923 0.832 1.025 0.134
Smoked cigarettes per day: 231 cigarettes /day 1.057 1.004 1113 0.034

Note: Dependent outcome Variable: GAD7 score.

cigarettes did not correlate significantly with their mean perceived anxiety score, but their number of daily smoked
cigarettes had loaded significantly and positively on their mean perceived anxiety score, those people who smoked >31
cigarettes per day were found to be significantly more predicted to anxiety (5.7% times more) compared to those who
smoked <30 cigarettes per day or those who do not smoke cigarettes at all. In background iterative analysis models the

nicotine dependence factor score and other e-cigarettes use and consumption factors did not correlate with people’s mean

perceived anxiety, as such those factors were dismissed from the analysis model shown in this paper.

Table 10 displays the resulted multivariable Generalized Linear Models analysis with Gamma regression for people’s
mean perceived depression score. The resulted findings showed that males were found to be significantly less inclined to
depression (15.2% times less) compared to females on average, p-value < 0.001. Also, people in different age groups had

Table 10 Generalized Multivariate Linear Gamma Regression Analysis for People’s Perceived

Depression (PHQ9) Score

Parameter Multivariate Adjusted 95% CI for RR p-value
Risk Rate(RR)
Lower Upper

(Intercept) 3.183 2617 3.872

Sex= Male 0.848 0.806 0.892 <0.001
Age=(66 or above years) 0.664 0.545 0.808 <0.001
Age=(56-65 years) 0.831 0.714 0.967 0.017
Age=(46-55 years) 0.830 0.750 0917 <0.001
Age=(36—45 years) 0.863 0.790 0.942 0.001
Age=(26-35 years) 0.959 0.887 1.037 0.293
Employment=Other=housewife 0.860 0.738 1.002 0.053
Employment=Unemployed 0.987 0.904 1.077 0.772
Employment=retired 0.853 0.741 0.982 0.027
Employment=Private sector 0.921 0.842 1.008 0.075
Employment=Government sector 0916 0.844 0.994 0.036
Educational Level 0.984 0.953 1.015 0.310
Generalized Anxiety (GAD7) score 1.104 1.098 1.110 <0.001
Body Mass Index score 1.004 1.000 1.008 0.038
Nicotine Dependence Factor Based T-score 1.006 1.004 1.009 <0.001

Note: Dependent Outcome Variable: Depression (PHQ9) score.
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differed significantly with respect to their mean perceived PHQ9 depression score, people aged 66 years and above were
found to be significantly less predicted to depression (33.6% times less) compared to people aged 18-25 years on
average, p-value < 0.001, also people aged between 56 and 65 years were found to be significantly less inclined to
depression (16.9% times less) compared to those aged between 18 and 25 years, p-value = 0.017, but also people aged
between 46 and 55 years were found to be significantly less predicted (17% times less) compared to those aged between
18 and 25 years, p-value = <0.001. Not only so but also people aged between 36 and 45 years were found to be
significantly less inclined to depression (13.7% times less) compared to those aged between 18 and 25 years on average,
p-value = 0.001. People’s employment state had correlated significantly with their mean perceived depression score, the
retired people indeed were found to be significantly less inclined to depression (14.7% times less) compared to students,
p-value = 0.027, also people in governmental jobs were found to be significantly less predicted to depression (8.4% times
less) on average compared to students, p-value = 0.036. People's educational level and residence location did not
correlate significantly with their depression levels. However, people’s mean perceived generalized anxiety (GAD7) score
had correlated positively with their mean perceived Depression score, for each additional one points rise in people’s
perceived anxiety score their mean predicted PHQ depression score tended to rise by a factor equal to 11.4% times higher
on average by considering the other predictors in the analysis model as accounted for nevertheless, p-value < 0.001. Too,
the analysis model showed that people’s body mass index (BMI) had converged positively on their mean perceived
depression score, for each additional one points rise in people’s BMI score their mean perceived depression score tended
to rise by a factor equal to 10.4% times higher on average, p-value = 0.038. Not only that but also people’s mean
Nicotine dependence factor score had correlated significantly positively with their mean perceived depression score, as
their nicotine dependence factor score tended to rise by one standard points on average their mean predicted depression
score tended to rise by a factor equal to 10.6% times higher on average, p-value < 0.001. People’s other measured
sociodemographic factors and variables did not correlate significantly with their mean perceived depression score.

Discussion

In this nationally representative sample of the general population in Saudi Arabia, poorer mental health functioning was
found to be associated with tobacco and EC use. The prevalence of tobacco smoking and EC use in the last 30 days,
“current smokers” was 21.6% and 21.1%, respectively. Our findings regarding tobacco smoking prevalence are consistent
with recently published papers.'®?* In terms of cigarette smoking prevalence among the general population 34.4% was
the highest prevalence reported in the literature while 12.2% was the lowest.”>® Aljoharah M et al investigated the
prevalence of cigarette smoking among the general population and found it to be 21.4%, similar to our findings.”” Few
studies have investigated the impact of gender variation on the association between EC use and mental health. Female EC
users were found to have higher adverse mental health than males, which supports the findings of our study.?*2° Sung
B reported that women were more likely to develop depression than men.>° A recent survey among EC users revealed
that depression was positively associated with EC use. Additionally, depressive episodes were reported to be approxi-
mately 15% and 25% in males and females, respectively.*® Lee J and Oh M found a strong association between vaping
and gender.’! Unlike males, females were less likely to used vape.’'** However, another study showed greater EC use
among women than men.** Furthermore, the lifetime prevalence of anxiety was reported to be higher in females than
males, which is consistent with the current study.** Higher odds of vaping were found among high school graduates,
those with some college education, and college grads than among those with only a high school diploma.*' In this study,
unemployed participants showed a positive correlation between using EC and self-reported depression; this finding is
supported by a recent study that revealed that EC use was associated with depression and unemployment in adults, even
after adjusting for potential confounders.>> Evidence shows that people without jobs experience depression or other
depressive symptoms more frequently than employed people.®® As nicotine smoking dysregulates coping mechanisms for
depression, external stressors as unemployment might further impact the mental health of individuals.?’

In the current study, the mean nicotine dependence score correlated significantly with perceived depression which was
assessed using the PHQ-9 scale. Similar results were reported in a study published in 2023 that investigated EC nicotine
dependence and depressive symptoms among adolescents, revealing that 88% who reported depressive symptoms on
screening with PHQ-9 also suffered from EC nicotine dependence.*® Additionally, it has been reported that exposure to
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EC, whether current or former use, is associated with an increased risk for depression compared to those who never used
EC.*° Moreover, a study published in 2017 among college students concluded that depressive symptoms could predict
EC use and not vice versa.”” However, recent scientific evidence suggest that EC use is associated with mental health
status.*® A recent study assessing the association between EC use and depressive symptoms in adolescents found that
adolescents with depressive symptoms had increased odds of EC use.*® Furthermore, another study revealed that over
60% of smokers with mental health conditions were more susceptible to using EC than smokers without psychiatric
disorders.*® EC use was associated with depression, suicidal ideation, and suicidal attempts, which were significantly
higher compared to non-EC users.*!

Additionally, higher rates of depressive and anxiety symptoms were significantly associated with EC use.*?
Furthermore, higher rates of anxiety were observed in EC users compared to non-users.*? The current study found that
people’s smoking days did not correlate significantly with the mean perceived anxiety score. However, the daily smoking
frequency greatly affected their mean perceived anxiety score. Lastly, in the current study, the perceived anxiety score
positively impacted the perceived depression score and vice versa. This finding is consistent with the literature, which
found that anxiety and depression commonly coexist with an approximate prevalence of 41%.*>**

Despite the comprehensiveness of this research in reporting the prevalence of EC use and its association with mental
health status, namely depression, and anxiety, among the adult general population of Saudi Arabia, there are certain
limitations. The study design is cross-sectional, which limits the ability to demonstrate causation. Additionally, the mode
of data collection was based on self-reported electronic surveys, which increases the possibility for bias, specifically non-
response bias and social desirability bias which might have affected the results. However, this study has multiple
strengths, including the validity of the scales used to assess mental health status and a large representative sample that
reflects the five main residential areas of Saudi Arabia, which positively impacts the generalizability of this study.

Conclusion

In conclusion, the finding of the current study supports the international literature. Most of the participants were females,
in the age group 18-25 residing with a university educational level residing in either the central or eastern regions of
Saudi Arabia. 31.6% of the participants reported trying EC use in their lifetime, while 21.1% confirmed continuous EC
use in the past 30 days. 36.6% of people were found to have low anxiety, while 42.4% had mild anxiety. Furthermore,
36.7% were considered to have mild and minimal depression accounting for 36.7% and 31.9%, respectively. The results
revealed that people’s top perceived indicator of anxiety was feeling nervous, anxious, and on edge; followed by
becoming easily annoyed and having trouble relaxing. Whereas people’s top perceived indicator of depression was
feeling tired or having little energy; followed by trouble falling or staying asleep, losing appetite, or overeating and
feeling down and depressed, followed by having little interest/pleasure in doing things. The Mean nicotine dependence
factor score correlated significantly with the mean perceived depression score.
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