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Abstract: Purpose: Smartphone addiction is prevalent among medical students, and there is a concern
that the coronavirus disease 2019 (COVID-19) pandemic fueled a rise in smartphone addiction.
Earlier studies suggest a link between excessive smartphone usage and negative outcomes such
as depression, stress, and reduced academic achievement. However, there is a dearth of both
local studies in Saudi Arabia and studies conducted during the COVID-19 pandemic exploring the
prevalence of smartphone addiction and its association with academic performance, depression, and
perceived stress, which is the purpose of the current study. Methods: In 2021, a cross-sectional research
project took place among medical students at King Saud University and the Vision Colleges located in
Riyadh, Saudi Arabia. An online self-administered questionnaire consisting of demographic variables,
grade point average (GPA), the Patient Health Questionnaire-9 (PHQ-9), the Perceived Stress Scale-4
(PSS-4), and the Smartphone Addiction Scale—Short Version (SAS-SV) was deployed. Results: Three
hundred and fifteen students participated. Around 47.9% of students reported smartphone addiction,
and the mean SAS-SV score was 32.31 £ 12.01 points. Both PHQ-9 and PSS-4 scores showed a
significant positive correlation with the SAS-SV score (r = 0.216, p < 0.001 and r = 247, p < 0.001,
respectively), while GPA did not (r = —0.027, p = 0.639). An adjusted analysis showed that the PSS-4
score was positively associated with the SAS-SV score (odds ratio (OR) = 1.206, p < 0.001), while the
PHQ-9 score was not (OR = 102, p = 0.285). Conclusions: Smartphone addiction is prevalent among
medical students and associated with perceived stress. Additional research is required to gain a
deeper comprehension of this issue and to assess the success of intervention initiatives aimed at
encouraging healthy smartphone usage, particularly in times of crisis like the COVID-19 pandemic.

Keywords: smartphone addiction; depression; psychological stress; academic performance; medical
students; Saudi Arabia

1. Introduction

A smartphone is a mobile phone with added functionality that includes web browsing,
social networking, gaming, and more [1]. Currently, the global count of smartphone users
surpasses six billion, and this figure is projected to grow in the coming years [2]. While
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smartphones offer advantages, they have also been linked to worrisome outcomes, includ-
ing substantial declines in functionality, emotional distress, withdrawal-like symptom:s,
cyberspace-oriented relationships, excessive smartphone use, and increased tolerance [3-6].
Therefore, diagnostic terms related to the aforementioned phenomena, such as “problem-
atic mobile phone use” or “smartphone addiction”, have been suggested in the scientific
community [3-5]. Smartphone addiction is widespread among medical students. A meta-
analysis of research conducted on Asian medical students approximated that around 41.9%
experience smartphone addiction [7].

Researchers have become interested in the association between students” academic
performance and their usage of smartphones. An analysis of various studies exploring the
link between college students’ smartphone usage and their academic performance revealed
that the majority of the research (18 out of 23 studies) identified a negative association,
while the remaining studies (5 studies) observed no significant association [8]; indeed, no
single study has reported a positive association [8]. Multiple mechanisms were proposed
to explain the adverse effects of smartphones on academic performance; for instance, when
students use their smartphones, they mostly use them for entertainment at the expense of
time allocated for studying [8]. In addition, students may become distracted in class or
while studying with task-switching or multi-tasking on their smartphones [8]. This distrac-
tion is facilitated by the following: notifications [9], a fear of missing out (FOMO) [10,11],
and escaping the sense of boredom associated with academic activities [12]. When mobile
phones were banned in English schools, students attained better test results [13].

Smartphone addiction or problematic use has been linked with several mental health
issues, including perceived stress and depression. Smartphones and their applications,
such as games and social networks, can serve as coping mechanisms for students with
mental health issues [5]. Alternatively, excessive smartphone use affects sleep negatively,
thus leading to mental health issues [5]. A meta-analysis of studies assessing the link
between problematic smartphone use (PSU) and mental health issues in children and
young individuals reported increased odds of depression (odds ratio (OR) = 3.17) and
perceived stress (OR = 1.86) among those with PSU [14]. Depressive symptoms and
perceived stress are common among medical students. Approximately 27.2% of medical
students experience depressive symptoms [15]. Medical students suffer from increased
levels of perceived stress, according to studies conducted in multiple countries [16-19].

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a respiratory virus
discovered in China in 2020 that causes the coronavirus disease 2019 (COVID-19) [20].
In March 2020, the World Health Organization labeled COVID-19 a pandemic due to its
rapid transmission across the globe [20]. To curb the transmission of SARS-CoV-2, many
countries implemented restrictive measures emphasizing social distancing and working
or learning from home [21]. These restrictive measures, in addition to other factors such
as anticipatory anxiety and the impact of the illness among family and peers, led to an
increase in mental health issues like depression and anxiety, greater use of social media,
and more online gaming, which fueled a rise in smartphone addictions [21-23].

Research carried out on medical students in Saudi Arabia, specifically in the Western
and Qassim regions, indicated a high incidence of smartphone addiction among these
students [24,25]. Moreover, almost a quarter of the surveyed Saudi college students felt that
smartphone use negatively affected their academic performance [26]. However, there is a
dearth of both local studies and studies conducted during the COVID-19 pandemic explor-
ing the association between smartphone addiction and academic performance, depressive
symptoms, and perceived stress among medical students. Such local data can inform medi-
cal students and advisory bodies at medical colleges about the factors mentioned above
that have a significant impact on academic performance and mental health. The objectives
of our study were to estimate the prevalence of smartphone addiction and determine the
associations between smartphone addiction and academic performance, depression, and
perceived stress among medical students in Riyadh, Saudi Arabia.
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2. Materials and Methods
2.1. Setting and Participants

This was a cross-sectional study targeting medical students enrolled in the College
of Medicine at King Saud University (KSU) and the Vision Colleges (VCs). KSU is a
public university, while the VCs are private colleges; however, both adhere to a similar
curriculum with a preparatory year, which is followed by 5 years of medical college, then
an internship year. There were 1466 and 308 medical students enrolled at KSU and the
VCs during the 2020-2021 academic year, respectively. In total, there were 702 female
students and 1072 male students, of whom 452, 339, 311, 305, and 367 were enrolled in
the first, second, third, fourth, and fifth years, respectively. Data were collected during
the second semester, from February to March 2021. This study did not include students
in preparatory year programs, interns, or students who were not enrolled during the data
collection semester. During the time of data collection, lectures were given virtually via
online live video streaming, while practical and clinical sessions took place on campus and
at affiliated clinical facilities.

2.2. Study Instrument

This study utilized a self-administered online questionnaire in English consisting of
four parts. The first part consisted of sociodemographic variables that included age, sex,
marital status, study year, last semester’s category of grade point average (GPA) (pass,
good, very good, or excellent) to measure academic performance, diagnosis of a psychiatric
disorder prior to medical school admission, family history of psychiatric disorders, number
of smartphone devices owned, the presence of a perceived feeling of increased smartphone
usage time during the COVID-19 pandemic, and previous use of a substance with addictive
potential (any form of smoking, alcohol, recreational use of prescription drugs, or use of
illicit drugs). The second part of the questionnaire included the Smartphone Addiction
Scale—Short Version (SAS-SV) [3], which has shown similar validity to those of the full SAS
in a sample of college students [27]. The SAS-SV consists of 10 questions, and participants
rate their responses on a 6-point scale, ranging from “strongly disagree” (1) to “strongly
agree” (6). The overall score falls between 10 and 60 points, with recommended thresholds
for identifying smartphone addiction being 31 points for males and 33 points for females [3].
The third section of the survey contained the Patient Health Questionnaire-9 (PHQ-9) for
assessing symptoms of depression. The PHQ-9 has previously shown good validity and
reliability among medical students [28,29] and measures the occurrence of 9 symptoms
of depression in the last 2 weeks using a 4-point Likert scale, where the options are: “not
atall” (scored as 0), “several days” (scored as 1), “more than half the days” (scored as 2),
and “nearly every day” (scored as 3). The score can range from a minimum of 0 points to
a maximum of 27 points. Lastly, the fourth part of the questionnaire included the 4-item
Perceived Stress Scale (PSS-4) to assess stress levels; despite being short, this instrument
has acceptable validity and reliability [30,31]. To test the accessibility, comprehension, and
length of the questionnaire, we conducted a pilot study on a sample of 30 medical students
who were not included in this study. A major concern among the respondents was the
length of the questionnaire, which was minimized by switching from the 10-item PSS-10 to
the 4-item PSS-4.

2.3. Data Collection

The minimal sample size required to detect a proportion of around 36.5% of the sample
with smartphone addiction with a 5% margin of error and 95% confidence interval (CI) was
299 medical students [24]. We used the convenience sampling technique by obtaining lists
of students from student affairs at both colleges. Next, a team of six medical interns reached
out to the student batch leaders, distributing the link to the consent form and the online
questionnaires via a Google Forms page (Google, LLC, Mountain View, CA, USA) to the
electronic messaging groups specific to each batch, which is where course-related updates
are typically posted. Two weekly reminders were sent to promote student participation.
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Students were required to answer all items before being able to submit their questionnaires;
therefore, there were no responses with missing items.

2.4. Data Analysis

The data gathered for this research were examined using statistical analysis software
SPSS version 26.0 (IBM Corporation in Armonk, NY, USA). The internal consistency of the
different tools used was tested using Cronbach’s alpha. We utilized descriptive statistics,
including measures such as the mean, standard deviation, frequencies, and percentages, to
provide a comprehensive overview of both numerical and categorical variables. Bivariate
statistical analysis was carried out using appropriate statistical tests (Student’s f-test, 1-
way analysis of variance (ANOVA), and Pearson’s and Spearman’s correlations) based on
the type of study and the outcome variables. A binary logistic regression was employed
to examine how certain variables, which showed significant differences in their means,
frequencies, or correlation coefficients, impact the likelihood of experiencing smartphone
addiction. The statistical significance and precision of the results were reported using a
p-value of less than 0.05 and 95% confidence interval values.

2.5. Ethical Considerations

The Institutional Review Board of the College of Medicine at KSU granted approval
for this study (project nos. E-20-4609 (KSU) and E-20-4620 (VCs)). Permission to use
SAS-SV was obtained from Dr. Kwon [3], while permission was not required to use PHQ-
9 and PSS-4 for research purposes. Informed consent was provided at the top of the
questionnaire page for viewing before participating voluntarily. No incentives were offered
for participation. The information given covered this study’s objective, the promise of
confidentiality for participants’ responses, and the contact details for any further inquiries.
Personal identification details, such as full name, student identification number, contact
number, and email, were not gathered. The data were kept on the computer of the principal
investigator, and this computer was secured with a password.

3. Results
3.1. Participant Characteristics

A total of 315 medical students responded (response rate = 17.8%), which satisfies
the power requirement based on the sample size calculation. The response rate was
higher among VC students (52.9%) compared to KSU students (10.4%) and higher among
female students (24.9%) than male students (13.1%). Furthermore, the highest response
rate was 23.7% among fifth-year students, followed by 19.7% among first-year students,
while response rates were almost similar between second-year students (15.9%) and third-
and fourth-year students (both 13.8%). Overall, there were more female respondents
(55.6%), and the majority (92.7%) of participants were single. The lowest proportions of
participants were from the fourth (13.3%) and third (13.7%) years. Less than half (44.8%)
of the respondents had a very good GPA. Only a small proportion of participants had
been diagnosed with a psychiatric disease prior to medical school admission (11.1%) or
had a family member with a psychiatric illness (21%). Half (49.5%) of the participants had
just one smartphone device, and 2/3 (67%) of the participants felt that their smartphone
usage had increased during the COVID-19 pandemic. Lastly, 1/5 (21%) of the participants
reported previous use of a substance with addictive potential, with any form of smoking
being the most commonly reported type of substance use among the participants (n = 63,
95.5%). Table 1 shows the sociodemographic characteristics of the study participants.
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Table 1. Distribution of sociodemographic characteristics of study participants (1 = 315).

Mean SAS-SV Scores + SD, Mean PHQ-9 Scores + SD, Mean PSS-4 Scores + SD,

Sociodemographic Characteristic Number of Students (%)

p-Value p-Value p-Value
Private 163 (51.7) 32.01 +£12.58 10.49 + 6.54 7.12 £ 3.41
Type of college 32.63 £ 11.39 9.80+7.31 6.93 +3.20
Public 152 (48.3)
p =0.645 p=0.379 p=0.615
Male 140 (44.4) 30.80 & 12.30 9.22 4+ 6.69 7.00 £ 3.13
Sex 33.52 £11.6 10.90 £ 7.03 7.05 £ 3.46
Female 175 (55.6)
p =0.046 p=0.033 p=0.906
Single 292 (92.7) 32.67 £11.92 10.24 £ 6.85 7.07 £3.29
) Married 19 (6) 23.89 £9.43 6.78 £6.16 6.15 £ 3.86
Marital status
Divorced, separated, or 4(L3) 46.25 + 6.65 19.75 £ 6.34 8.25 £ 0.50
widowed p <0.001 p =0.002 p=0.387
First 89 (28.3) 34.73 £12.87 10.98 £ 7.18 6.86 £ 3.82
Second 54 (17.1) 32.35 +£12.23 10.64 £5.73 7.29 +3.49
Third 43 (13.7) 31.13 £11.97 1027 £7.72 5.62 +2.96
Study year
Fourth 42 (13.3) 30.14 £ 10.93 8.71 £ 6.75 712 £ 2.56
31.44 £11.31 9.64 + 6.99 7.68 £2.95
Fifth 87 (27.6)
p=0212 p =0.425 p=0.018
Excellent 121 (38.4) 33.29 £12.29 9.56 £ 6.34 7.04 £347
Very good 141 (44.8) 30.92 £11.51 10.13 £7.13 6.90 &+ 3.19
GPA Good 47 (14.9) 34.67 £12.37 1142 £7.17 7.40 £+ 3.41
26.00 £11.41 13.00 + 10.77 7.00 £ 2.68
Pass 6(1.9)
p =0.096 p=0.324 p=0.847
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Table 1. Cont.

Sociodemographic Characteristic

Number of Students (%)

Mean SAS-SV Scores + SD,

Mean PHQ-9 Scores + SD,

Mean PSS-4 Scores + SD,

p-Value p-Value p-Value
. . L Yes 35 (11.1) 27.22 + 13.69 11.85 £+ 5.88 6.25 £+ 3.39
Diagnosed with a psychiatric
disorder prior to medical 32.95 £+ 11.65 994 + 7.02 712 +£3.29
school admission No 280 (88.9)
p =0.008 p=0.124 p=0.143
Yes 66 (21) 30.87 + 11.41 10.21 £+ 6.97 7.34 £2.85
Family history of psychiatric 32.69 + 12.15 10.14 + 6.92 6.94 + 3.42
disorders No 249 (79)
p=0.275 p=0944 p=0.383
1 156 (49.5) 32.86 + 11.06 10.70 - 7.34 8.03 +2.74
devices owned 31.70 & 13.90 9.50 4 9.69 5.85 + 3.79
3 or more 60 (19.1)
p=0.722 p=0.377 p <0.001
Perceived feeling of increased  Yes 211 (67) 34.72 +£11.85 11.35 + 7.08 7.82 4 3.08
smartphone usage time
during the COVID-19 No 104 (33) 27.43 +10.85 7.74 + 5.90 541 + 3.17
pandemic p <0.001 p <0.001 p <0.001
Yes 66 (21) 29.62 +12.35 1212 +7.14 7.65 + 3.23
Have you ever used a
substance with 249 (79 33.02+11.84 9.63 £ 6.78 6.86 + 3.32
addictive potential? 0 79 p =0.040 p =0.009 p = 0.087
Total 315 32.31 +£12.01 10.16 + 6.92 7.03 +3.31

GPA, grade point average; PHQ-9, Patient Health Questionnaire-9; PSS-4, 4-item Perceived Stress Scale; SAS-SV, Smartphone Addiction Scale—Short Version; SD, standard deviation.
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3.2. SAS-SV

The Cronbach’s alpha value for the SAS-SV was 0.898, indicating good internal con-
sistency. The median SAS-SV score was 31 (interquartile range (IQR) = 22—42) points.
Significantly higher mean SAS-SV scores were observed in the following groups: females,
single individuals, students who were not diagnosed with a psychiatric illness prior to
medical school admission, students who felt that their smartphone use had increased
during the COVID-19 pandemic, and students who had not previously used a substance
with addictive potential. There were no significant differences between the mean SAS-SV
scores for different GPA categories. Table 1 presents the mean SAS-SV scores across cate-
gories of sociodemographic characteristics. Almost half of the participants (47.9%) scored
above the threshold for addiction. A slightly greater frequency of addiction was observed
among female students than among male students (x> = 0.499, p = 0.48). Table 2 shows the
frequency of smartphone addiction based on the participating students’ sex.

Table 2. Frequency of smartphone addiction based on participating students’ sex (n = 315).

Frequency (%) Total

Male Female p Value * = 0.48
Addicted 64 (45.7) 87 (49.7) 151 (47.9)
Not addicted 76 (54.3) 88 (50.3) 164 (52.1)
Total 140 175 315

* Chi-squared test for association: x%(1) = 0.499.

The highest mean scores for the SAS-SV questions were for “using my smartphone
longer than I intended” (3.79 £ 1.68 points), followed by “having a hard time concen-
trating in class, while doing assignments, or while working due to smartphone use”
(3.62 = 1.75 points). On the other hand, the lowest mean scores were recorded for “the
people around me tell me I use my smartphone so much” (2.87 £ 1.64 points), followed
by “having my smartphone in my mind even when I am not using it” (2.89 £ 1.61 points).
Table 3 shows the students’ responses and the mean score for each of the SAS-SV items.

Table 3. Students’ responses and the mean score for each of the Smartphone Addiction Scale—Short
Version (n = 315) question.

SAS-SV Question Mean + SD

1.  Missing planned work due to smartphone use 336 £ 1.6

2. Having a hard time concentrating in class, while doing assignments, or while working due to 362 4+ 1.75
smartphone use

3. Feeling pain in the wrists or at the back of the neck while using a smartphone 3.01+1.72

4. Won't be able to stand not having a smartphone 3.51 £1.72

5. Feeling impatient and fretful when I am not holding my smartphone 2.92 +1.59

6.  Having my smartphone in my mind even when I am not using it 289+ 1.61

7. Iwill never give up using my smartphone even when my daily life is already greatly affected by it 3£1.65

8. Cor}stantly checking my smartphone so as not to miss conversations between other people on 309 4 1.64
Twitter or Facebook

9.  Using my smartphone longer than I had intended 3.79 & 1.68

10.  The people around me tell me that I use my smartphone too much 2.87 £ 1.64

3.3. PHQ-9 and PSS-4

The Cronbach’s alpha value for the PHQ-9 was 0.904, indicating excellent internal
consistency, and the median PHQ-9 score was 10 (IQR = 5-15) points. The mean PHQ-
9 scores were significantly higher in the following groups: females, single individuals,
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students who felt that their smartphone use had increased during the COVID-19 pandemic,
and students who had never previously used a substance with addictive potential. The
Cronbach’s alpha value for the PSS-4 was 0.722, indicating acceptable internal consistency,
and the median PSS-4 score was 8 (IQR = 5-10) points. The mean PSS-4 scores were
significantly higher across the following groups: fifth-year students, students who only
owned one smartphone device, and students who felt that their smartphone use had
increased during the COVID-19 pandemic. Table 1 shows the mean PHQ-9 and PSS-4
scores across categories of sociodemographic characteristics.

3.4. Correlation between SAS-SV and Other Measures

There was a small positive correlation between smartphone addiction and perceived
stress (r = 0.247, p < 0.001) and depressive symptoms (r = 0.216, p < 0.001). Table 4 shows the
correlation coefficients between smartphone addiction and depressive symptoms, perceived
stress, and academic performance.

Table 4. Correlation of smartphone addiction with other variables (n = 315).

Smartphone Add{chon Current Cumulative GPA  Depressive Symptoms Perceived Stress
Scale—Short Version
Category * (PHQ-9) ** (PSS-4) **
Variable (SAS-5V)
Correlation Value (n)
Coefficient (i) P7V3UeW T P r P ! P
SAS-SV 1 0 —0.027 0.639 0.216 <0.001 0.247 <0.001
GPA —0.027 0.639 1 0 —0.107 0.057 —0.061 0.283
PHQ-9 0.216 <0.001 —0.107 0.057 1 0 0.273 <0.001
PSS-4 0.247 <0.001 —0.061 0.283 0.273 <0.001 1 0
* Spearman’s correlation; ** Pearson’s correlation.
3.5. Likelihood of Smartphone Addiction
The binary logistic regression model showed that students who felt that their smart-
phone use had increased during the COVID-19 pandemic had the greatest likelihood of
being addicted to their smartphones (odds ratio (OR) = 3.4); moreover, for each 1-point
increase in the PSS-4 score, the likelihood of smartphone addiction increased by 1.2 times
(OR = 1.21). On the other hand, students with prior use of substances with addictive
potential had a reduced likelihood of smartphone addiction (OR = 0.45). Table 5 shows the
results of the binary logistic regression model.
Table 5. Binary logistic regression for the association between sex, marital status, depressive symptoms,
stress, and use of a substance with addictive potential and smartphone addiction (SAS-SV) *.
95% CI for OR
B S.E. Wald p-Value  OR
Lower Upper
Constant —2.136 0.670 10.152 0.001 0.118
Sex —0.110 0.258 0.183 0.669 0.896 0.540 1.485
Marital status 0.062 0.389 0.026 0.873 1.064 0.496 2.283
Diagnosed with a psychiatric disorder - _ o5 457 3.672 0.055 0.441 0191 1.019
prior to medical school admission
Perceived feeling of increased
smartphone usage time during the 1.223 0.292 17.517 <0.001 3.398 1.916 6.026
COVID-19 pandemic
Have you ever used a substance with 0.790 0331 5701 0.017 0.454 0.237 0.868
addictive potential? ' ' ' ' ' ’ '
PHQ-9 0.022 0.020 1.145 0.285 1.022 0.982 1.064
PSS-4 0.187 0.047 16.188 <0.001 1.206 1.101 1.321

B, unstandardized regression coefficient; S.E., standard error; OR, odds ratio; CI, confidence interval. * Nagelkerke
R? =0.257.
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4. Discussion

In our research, we found that smartphone addiction was observed in 47.9% of the
participants. This rate was greater than the prevalence noted among final-year medical
students in the Western region of Saudi Arabia, which stood at 36.5 [24]. Nevertheless,
it remained lower compared to the percentage reported among medical students in the
Qassim region of Saudi Arabia, which was 60.3% [25]. In our study, we noticed that the
mean SAS-SV scores were lower among junior medical students (first-, second-, and third-
year students); however, the difference in mean scores between the academic years was
not statistically significant. This might explain why the prevalence was higher than that
reported by Alhazmi et al., who only included final-year medical students, and lower than
that reported in the study by Alsalameh et al., in which junior medical students composed
more than 2/3 of the total sample [24,25]. Our reported prevalence is slightly higher than
the prevalence among Asian medical students (41.9%; 95% CI, 36.2-47.7) [7].

We determined that stress was associated with smartphone addiction even after
controlling for other variables, including depressive symptoms. Stress can lead to increased
smartphone use through multiple mechanisms. First, increased stress levels lead to a
reduction in self-control, which is followed by an excessive use of smartphones [32]. Second,
excessive smartphone usage for hedonic purposes (entertainment, social media, and games)
might be an escape mechanism from perceived stress [33,34]. Third, the relationship
between perceived stress and PSU among Chinese university students was influenced by
the mediation of FOMO [35]. Students attempt to relieve their stress by constantly checking
their smartphones for messages, following what their peers are doing and what is trending
on social media [35,36]. A weak positive correlation between smartphone addiction and
depressive symptoms was observed in the current study. However, the adjusted analysis
did not show an association. There are factors that might limit the use of smartphones
among depressed people; for instance, depression leads to social isolation, resulting in less
use of smartphones for communication [37]. Alternatively, other factors might increase
smartphone usage among depressed individuals. For instance, constantly checking the
phone might be a sign of seeking social reassurance from other people, reflecting low
self-esteem, which is one of the depressive symptoms [5].

In the study by Alosaimi et al. on Saudi college students, students felt that their
use of smartphones negatively affected their academic performance [26]. Nevertheless,
upon gathering their self-reported GPAs, we found no significant variation in smartphone
addiction scores among different GPA groups. This aligns with a smaller portion of research
in the field, while the majority indicated a negative association [8]. Interestingly, despite
not finding an association between GPA and smartphone addiction, the SAS-SV questions
most students agreed with during our study were related to smartphones being used longer
than intended and their negative impact on concentration during academic activities. Both
of these inquiries are part of the suggested explanations for how smartphone addiction
negatively impacts academic performance [8].

In the current research, we examined the use of substances with addictive potential,
and smoking was the most commonly reported substance used by students. We found a
negative association between smartphone addiction and the use of substances with addic-
tive potential. While examining the available literature, most research conducted on young
individuals (both university and medical students) discovered no correlation [24,38—41].
On the other hand, Liu et al. observed a positive association among Chinese medical
students, and Dey et al. observed a negative association among Swiss young men [42,43]. A
possible explanation for this negative association is that students might substitute smoking
for smartphone use [42]. Qualitative studies could be useful to further explore the link
between smartphone addiction and other habits with addictive potential, such as smoking,
from the perspectives of students or young people.

Two-thirds of the students in our study perceived that their smartphone use had
increased during the COVID-19 pandemic, and this association remained even after ad-
justing for other factors in the regression analysis. Similarly, Jordanian university students
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(including medical students) reported increased smartphone use during the COVID-19
quarantine [44]. Furthermore, a study from Bangladesh conducted during the COVID-19
pandemic among high school and university students reported an increased prevalence
of smartphone use compared to a study of a similar population conducted before the
pandemic [45,46]. However, we did not notice a similar pattern, as pre-pandemic studies
among Saudi medical students reported both lower (36.5%) and higher (60.3%) estimates
than ours (47.9%) [24,25].

Strengths and Limitations

This research was conducted during the COVID-19 pandemic and aimed to examine
the extent of smartphone addiction, its association with academic achievements, depressive
symptoms, and perceived stress among Saudi students from both private and public
medical colleges. However, there are multiple limitations to this study, including its
reliance on the self-reported data of the participants and its use of the convenience sampling
technique. This study was a cross-sectional study; therefore, we cannot be certain about
the direction of the associations found. The sample size was suitable for estimating the
prevalence of smartphone addiction; however, a larger sample size would have enabled
more precise logistic regression results. Other relevant variables related to smartphone
addiction, such as the methods of internet access on smartphones and current psychiatric
comorbidities, were not collected.

5. Conclusions

The extent of smartphone addiction among Saudi medical students during the COVID-
19 pandemic was relatively high. Furthermore, after making adjustments in the analysis, a
positive association was found between excessive smartphone usage and the perception
of stress. Moreover, the consumption of addictive substances was determined to have a
negative relationship with smartphone addiction. Nevertheless, we found no association
between smartphone addiction, depressive symptoms, and academic performance. We
recommend that medical students and advisory bodies in medical colleges be mindful
of and proactively address the harmful interaction between smartphone addiction and
perceived stress on student mental health and well-being, especially in times of crisis
similar to the COVID-19 pandemic. Finally, it could be beneficial to conduct qualitative
and prospective longitudinal research to investigate how smartphone addiction, academic
achievement, depressive symptoms, perceived stress, and substance usage, particularly
smoking, intersect among medical students.

Author Contributions: HI.A., Z.A.A.,, AS.A,KS.A, TH.A. and ED.A.: concept and design; H.LA.,
Z.AA.,ASA,KSA,M.G.A, THA.,SM.A., A.A.A. and ED.A.: literature review, data collection,
data analysis, and manuscript preparation. All authors have read and agreed to the published version
of the manuscript.

Funding: The authors extend their appreciation to the Deputyship for Research and Innovation,
“Ministry of Education” in Saudi Arabia, for funding this research (IFKSUOR3-089-1).

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the College of Medicine at KSU (project
nos. E-20-4609 (KSU, 10 March 2020) and E-20-4620 (VCs, 15 March 2020)).

Informed Consent Statement: Informed consent was obtained from all the subjects involved in this
study.

Data Availability Statement: The original contributions presented in this study are included in the
article; further inquiries can be directed to the corresponding author.

Acknowledgments: The authors extend their appreciation to the Deputyship for Research and
Innovation, “Ministry of Education” in Saudi Arabia, for funding this research (IFKSUOR3-089-1).

Conflicts of Interest: The authors declare that this research was conducted in the absence of any
commercial or financial relationships that could be construed as potential conflict of interest.



Medicina 2023, 59, 1501 11 of 12

References

1. Merriam-Webster. Smartphone. 2021. Available online: https:/ /www.merriam-webster.com/dictionary/smartphone (accessed
on 22 June 2021).

2. Statista. Smartphone Subscriptions Worldwide 2027. 2022. Available online: https://www.statista.com/statistics /330695
/number-of-smartphone-users-worldwide/ (accessed on 7 February 2023).

3. Kwon, M,; Lee, J.Y.; Won, W.Y,; Park, ].W.; Min, J.A.; Hahn, C.; Gu, X.; Choi, J].H.; Kim, D.]. Development and Validation of a
Smartphone Addiction Scale (SAS). PLoS ONE 2013, 8, €56936. [CrossRef] [PubMed]

4.  Billieux, ].; Maurage, P.; Lopez-Fernandez, O.; Kuss, D.J.; Griffiths, M.D. Can Disordered Mobile Phone Use Be Considered a
Behavioral Addiction? An Update on Current Evidence and a Comprehensive Model for Future Research. Curr. Addict. Rep. 2015,
2,156-162. [CrossRef]

5. Elhai, J.D,; Dvorak, R.D.; Levine, ].C.; Hall, B.J. Problematic smartphone use: A conceptual overview and systematic review of
relations with anxiety and depression psychopathology. J. Affect. Disord. 2017, 207, 251-259. [CrossRef] [PubMed]

6.  Kardefelt-Winther, D.; Heeren, A.; Schimmenti, A.; van Rooij, A.; Maurage, P.; Carras, M.; Edman, J.; Blaszczynski, A.; Khazaal, Y.;
Billieux, J. How can we conceptualize behavioural addiction without pathologizing common behaviours? Addiction 2017, 112,
1709-1715. [CrossRef] [PubMed]

7. Zhong, Y.; Ma, H; Liang, Y.E; Liao, C.J.; Zhang, C.C.; Jiang, W.]J. Prevalence of smartphone addiction among Asian medical
students: A meta-analysis of multinational observational studies. Int. J. Soc. Psychiatry 2022, 68, 1171-1183. [CrossRef]

8.  Amez, S; Baert, S. Smartphone use and academic performance: A literature review. Int. |. Educ. Res. 2020, 103, 101618. [CrossRef]

9.  Junco, R,; Cotten, S.R. No A 4 U: The relationship between multitasking and academic performance. Comput. Educ. 2012, 59,
505-514. [CrossRef]

10. Chen, Q.; Yan, Z. Does multitasking with mobile phones affect learning? A review. Comput. Hum. Behav. 2016, 54, 34—42.
[CrossRef]

11.  First, M. Multitasking or continuous partial attention: A critical bottleneck for digital natives. Turk. Online J. Distance Educ. 2013,
14, 266-272.

12.  Hawi, N.S.; Samaha, M. To excel or not to excel: Strong evidence on the adverse effect of smartphone addiction on academic
performance. Comput. Educ. 2016, 98, 81-89. [CrossRef]

13.  Beland, L.P.; Murphy, R. Ill Communication: Technology, distraction & student performance. Labour Econ. 2016, 41, 61-76.
[CrossRef]

14. Sohn, S.; Rees, P.; Wildridge, B.; Kalk, N.J.; Carter, B. Prevalence of problematic smartphone usage and associated mental health
outcomes amongst children and young people: A systematic review, meta-analysis and GRADE of the evidence. BMC Psychiatry
2019, 19, 356. [CrossRef]

15. Rotenstein, L.S.; Ramos, M.A.; Torre, M.; Segal, ].B.; Peluso, M.].; Guille, C.; Sen, S.; Mata, D.A. Prevalence of Depression,
Depressive Symptoms, and Suicidal Ideation Among Medical Students: A Systematic Review and Meta-Analysis. JAMA 2016,
316, 2214-2236. [CrossRef] [PubMed]

16. Borjalilu, S.; Mohammadi, A.; Mojtahedzadeh, R. Sources and Severity of Perceived Stress Among Iranian Medical Students. Iran.
Red Crescent Med. . 2015, 17, €17767. [CrossRef] [PubMed]

17.  Qamar, K.; Khan, N.S.; Kiani, M.R.B. Factors associated with stress among medical students. J. Pak. Med. Assoc. 2015, 65, 753-755.

18. Saeed, A.; Bahnassy, A.; Al-Hamdan, N.; Almudhaibery, ES.; Alyahya, A.Z. Perceived stress and associated factors among
medical students. J. Fam. Community Med. 2016, 23, 166-171. [CrossRef]

19. Iorga, M.; Dondas, C.; Zugun-Eloae, C. Depressed as Freshmen, Stressed as Seniors: The Relationship between Depression,
Perceived Stress and Academic Results among Medical Students. Behav. Sci. 2018, 8, 70. [CrossRef]

20. Ciotti, M.; Ciccozzi, M.; Terrinoni, A.; Jiang, W.C.; Wang, C.B.; Bernardini, S. The COVID-19 pandemic. Crit. Rev. Clin. Lab. Sci.
2020, 57, 365-388. [CrossRef]

21. Kaul, V,; de Moraes, A.G.; Khateeb, D.; Greenstein, Y.; Winter, G.; Chae, J.; Stewart, N.H.; Qadir, N.; Dangayach, N.S. Medical
Education During the COVID-19 Pandemic. Chest 2021, 159, 1949-1960. [CrossRef]

22. Han, TS,; Cho, H.; Sung, D.; Park, M.-H. A systematic review of the impact of COVID-19 on the game addiction of children and
adolescents. Front. Psychiatry 2022, 13, 976601. [CrossRef]

23. Popescu, A.M.; Balica, R.S.; Lazar, E.; Busu, V.O.; Vascu, ].-E. Smartphone addiction risk, technology-related behaviors and
attitudes, and psychological well-being during the COVID-19 pandemic. Front. Psychol. 2022, 13, 997253. [CrossRef]

24. Alhazmi, A.A.; Alzahrani, S.H.; Baig, M.; Salawati, E.M.; Alkatheri, A. Prevalence and factors associated with smartphone
addiction among medical students at King Abdulaziz University, Jeddah. Pak. ]. Med. Sci. 2018, 34, 984-988. [CrossRef] [PubMed]

25. Alsalameh, A.M.; Harisi, M.].; Alduayji, M.A.; Almutham, A.A.; Mahmood, FM. Evaluating the relationship between smartphone
addiction/overuse and musculoskeletal pain among medical students at Qassim University. J. Fam. Med. Prim. Care 2019, 8,
2953-2959. [CrossRef]

26. Alosaimi, ED.; Alyahya, H.; Alshahwan, H.; Al Mahyijari, N.; Shaik, S.A. Smartphone addiction among university students in
Riyadh, Saudi Arabia. Saudi Med. |. 2016, 37, 675-683. [CrossRef] [PubMed]

27. Harris, B.; McCredie, M.; Fields, S. Examining the psychometric properties of the Smartphone Addiction Scale and its short

version for use with emerging adults in the U.S. Comput. Hum. Behav. Rep. 2020, 1, 100011. [CrossRef]


https://www.merriam-webster.com/dictionary/smartphone
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://doi.org/10.1371/journal.pone.0056936
https://www.ncbi.nlm.nih.gov/pubmed/23468893
https://doi.org/10.1007/s40429-015-0054-y
https://doi.org/10.1016/j.jad.2016.08.030
https://www.ncbi.nlm.nih.gov/pubmed/27736736
https://doi.org/10.1111/add.13763
https://www.ncbi.nlm.nih.gov/pubmed/28198052
https://doi.org/10.1177/00207640221089535
https://doi.org/10.1016/j.ijer.2020.101618
https://doi.org/10.1016/j.compedu.2011.12.023
https://doi.org/10.1016/j.chb.2015.07.047
https://doi.org/10.1016/j.compedu.2016.03.007
https://doi.org/10.1016/j.labeco.2016.04.004
https://doi.org/10.1186/s12888-019-2350-x
https://doi.org/10.1001/jama.2016.17324
https://www.ncbi.nlm.nih.gov/pubmed/27923088
https://doi.org/10.5812/ircmj.17767
https://www.ncbi.nlm.nih.gov/pubmed/26568843
https://doi.org/10.4103/2230-8229.189132
https://doi.org/10.3390/bs8080070
https://doi.org/10.1080/10408363.2020.1783198
https://doi.org/10.1016/j.chest.2020.12.026
https://doi.org/10.3389/fpsyt.2022.976601
https://doi.org/10.3389/fpsyg.2022.997253
https://doi.org/10.12669/pjms.344.15294
https://www.ncbi.nlm.nih.gov/pubmed/30190766
https://doi.org/10.4103/jfmpc.jfmpc_665_19
https://doi.org/10.15537/smj.2016.6.14430
https://www.ncbi.nlm.nih.gov/pubmed/27279515
https://doi.org/10.1016/j.chbr.2020.100011

Medicina 2023, 59, 1501 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Kroenke, K.; Spitzer, R.L.; Williams, J.B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 2001, 16,
606-613. [CrossRef]

Al-Hadi, A.N.; Al-Ateeq, D.A.; Al-Sharif, E.; Bawazeer, H.M.; Alanazi, H.; Al-Shomrani, A.T.; Shugdar, R M.; Al-Owaybil, R. An
arabic translation, reliability, and validation of Patient Health Questionnaire in a Saudi sample. Ann. Gen. Psychiatry 2017, 16, 32.
[CrossRef] [PubMed]

Cohen, S. Perceived stress in a probability sample of the United States. In The Social Psychology of Health. The Claremont Symposium
on Applied Social Psychology; Sage Publications, Inc.: Thousand Oaks, CA, USA, 1988; pp. 31-67.

Warttig, S.L.; Forshaw, M.].; South, J.; White, A K. New, normative, English-sample data for the Short Form Perceived Stress Scale
(PSS-4). . Health Psychol. 2013, 18, 1617-1628. [CrossRef]

Cho, H.-Y,; Kim, D.J.; Park, ].W. Stress and adult smartphone addiction: Mediation by self-control, neuroticism, and extraversion.
Stress Health ]. Int. Soc. Investig. Stress 2017, 33, 624-630. [CrossRef]

Kardefelt-Winther, D. Problematizing excessive online gaming and its psychological predictors. Comput. Hum. Behav. 2014, 31,
118-122. [CrossRef]

Vujié, A.; Szabo, A. Hedonic use, stress, and life satisfaction as predictors of smartphone addiction. Addict. Behav. Rep. 2022, 15,
100411. [CrossRef] [PubMed]

Yang, H.; Liu, B.; Fang, ]. Stress and Problematic Smartphone Use Severity: Smartphone Use Frequency and Fear of Missing Out
as Mediators. Front. Psychiatry 2021, 12, 659288. [CrossRef]

Sanchez-Fernandez, M.; Borda-Mas, M. Problematic smartphone use and specific problematic Internet uses among university
students and associated predictive factors: A systematic review. Educ. Inf. Technol. 2022, 28, 7111-7204. [CrossRef] [PubMed]
Choi, S.-W.; Kim, D.-J.; Choi, ].-S.; Ahn, H.; Choi, E.-J.; Song, W.-Y.; Kim, S.; Youn, H. Comparison of risk and protective factors
associated with smartphone addiction and Internet addiction. J. Behav. Addict. 2015, 4, 308-314. [CrossRef] [PubMed]

Haug, S.; Castro, R.P.; Kwon, M.; Filler, A.; Kowatsch, T.; Schaub, M.P. Smartphone use and smartphone addiction among young
people in Switzerland. J. Behav. Addict. 2015, 4, 299-307. [CrossRef]

Boumosleh, J.M.; Jaalouk, D. Depression, anxiety, and smartphone addiction in university students—A cross sectional study.
PLoS ONE 2017, 12, e0182239. [CrossRef] [PubMed]

Seki, T.; Hamazaki, K.; Natori, T.; Inadera, H. Relationship between internet addiction and depression among Japanese university
students. J. Affect. Disord. 2019, 256, 668-672. [CrossRef]

Iscan, G.; Bas, EY.; Ozcan, Y,; (")zdoganci, C. Relationship between “nomophobia” and material addiction “cigarette” and factors
affecting them. Int. . Clin. Pract. 2021, 75, €13816. [CrossRef]

Dey, M.; Studer, J.; Schaub, M.P.; Gmel, G.; Ebert, D.D.; Lee, ].Y.-C.; Haug, S. Problematic smartphone use in young Swiss men: Its
association with problematic substance use and risk factors derived from the pathway model. J. Behav. Addict. 2019, 8, 326-334.
[CrossRef]

Liu, H.; Zhou, Z,; Huang, L.; Zhu, E.; Yu, L.; Zhang, M. Prevalence of smartphone addiction and its effects on subhealth and
insomnia: A cross-sectional study among medical students. BMC Psychiatry 2022, 22, 305. [CrossRef]

Saadeh, H.; Al Fayez, R.Q.; Al Refaei, A.; Shewaikani, N.; Khawaldah, H.; Abu-Shanab, S.; Al-Hussaini, M. Smartphone Use
Among University Students During COVID-19 Quarantine: An Ethical Trigger. Front. Public Health 2021, 9, 600134. [CrossRef]
[PubMed]

Mamun, M.A.; Rayhan, I.; Akter, K.; Griffiths, M.D. Prevalence and Predisposing Factors of Suicidal Ideation Among the
University Students in Bangladesh: A Single-Site Survey. Int. |. Ment. Health Addict. 2022, 20, 1958-1971. [CrossRef]

Hosen, I.; Al Mamun, F,; Sikder, T.; Abbasi, A.Z.; Zou, L.; Guo, T.; Mamun, M.A. Prevalence and Associated Factors of Problematic
Smartphone Use During the COVID-19 Pandemic: A Bangladeshi Study. Risk Manag. Healthc. Policy 2021, 14, 3797-3805.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1186/s12991-017-0155-1
https://www.ncbi.nlm.nih.gov/pubmed/28878812
https://doi.org/10.1177/1359105313508346
https://doi.org/10.1002/smi.2749
https://doi.org/10.1016/j.chb.2013.10.017
https://doi.org/10.1016/j.abrep.2022.100411
https://www.ncbi.nlm.nih.gov/pubmed/35746955
https://doi.org/10.3389/fpsyt.2021.659288
https://doi.org/10.1007/s10639-022-11437-2
https://www.ncbi.nlm.nih.gov/pubmed/36465425
https://doi.org/10.1556/2006.4.2015.043
https://www.ncbi.nlm.nih.gov/pubmed/26690626
https://doi.org/10.1556/2006.4.2015.037
https://doi.org/10.1371/journal.pone.0182239
https://www.ncbi.nlm.nih.gov/pubmed/28777828
https://doi.org/10.1016/j.jad.2019.06.055
https://doi.org/10.1111/ijcp.13816
https://doi.org/10.1556/2006.8.2019.17
https://doi.org/10.1186/s12888-022-03956-6
https://doi.org/10.3389/fpubh.2021.600134
https://www.ncbi.nlm.nih.gov/pubmed/34381747
https://doi.org/10.1007/s11469-020-00403-z
https://doi.org/10.2147/RMHP.S325126
https://www.ncbi.nlm.nih.gov/pubmed/34548828

	Introduction 
	Materials and Methods 
	Setting and Participants 
	Study Instrument 
	Data Collection 
	Data Analysis 
	Ethical Considerations 

	Results 
	Participant Characteristics 
	SAS-SV 
	PHQ-9 and PSS-4 
	Correlation between SAS-SV and Other Measures 
	Likelihood of Smartphone Addiction 

	Discussion 
	Conclusions 
	References

