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Abstract: Conducted during the second wave of the pandemic, this cross-sectional study examined
the link between sleep quality, physical activity, exposure, and the impact of COVID-19 as predictors
of mental health in Saudi undergraduate students. A convenience sample of 207 participants were
recruited, 89% of whom were females and 94% were single. The measures included questionnaires
on the level of exposure and the perceived impact of COVID-19, a physical activity measure, GAD-7,
PHQ-9, and PSQI. The results indicated that approximately 43% of participants exhibited moderate
anxiety, and 50% were at risk of depression. Overall, 63.93% of students exposed to strict quarantine
for at least 14 days (n = 39) exhibited a high risk of developing depression (χ2(1) = 6.49, p < 0.05,
φ = 0.18). A higher risk of depression was also found in students whose loved ones lost their jobs
(χ2(1) = 4.24, p < 0.05, φ = 0.14). Moreover, there was also a strong association between depression
and anxiety (β = 0.33, p < 0.01), sleep quality (β = 0.32, p < 0.01), and the perceived negative impact of
COVID-19 on socio-economic status (β = 0.26, p < 0.05), explaining 66.67% of depression variance.
Our study highlights the socio-economic impact of this pandemic and the overwhelming prevalence
of depression.

Keywords: depression; anxiety; COVID-19; sleep quality; mental health; university counseling
services; Saudi Arabia

1. Introduction

According to the World Health Organization (WHO), the 2019 (COVID-19) outbreak
posed a severe public health threat worldwide [1]. In response to this pandemic, most
governments implemented instructions and policies to prevent the spread of the disease
by imposing lockdowns, social distancing, home quarantine, and the sudden transition of
the entire education system to online formats [2,3]. In addition, most colleges restricted
access to academic buildings and planned to provide, or were already providing, online
education to replace current educational materials [4]. In addition, clinical skills sessions
and examinations transitioned to a virtual format, resulting in a different learning envi-
ronment, isolation, and struggles with establishing boundaries between work and home.
These changes, in turn, affected the psychological status of the population [2], particularly
for undergraduate students. Overall, the COVID-19 pandemic has affected all our lives,
especially in the domain of education [5].
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Stress and anxiety are relatively common, especially among females and college
students [6–8]. A number of factors contribute significantly to developing anxiety and
depression, such as social and economic status [9]. Students with fewer socio-economic
resources appear particularly vulnerable to mental health issues [10,11]. Significantly, stress
can impact students’ overall performance and affect their physical and mental health [6].
Previous studies have identified a link between low physical activity and mood disorders,
including anxiety and depression [12,13]. Additional reports have linked insomnia to
depression in undergraduate students and highlighted the need for insomnia treatment
centers to ameliorate mood disorders [14]. The link between poor sleep quality and mood
disorders is well established. Insomnia is a common feature in depressed and anxiogenic
patients [15].

Previous studies have indicated that during the COVID-19 outbreak, individuals’
physical activity was reduced significantly, indicating that such activity decreases during
pandemics [16–19]. Additionally, physical activity is negatively associated with the risk
of developing mood disorders [20,21]. Moreover, maintaining regular physical activity
improves the status and quality of sleep [22]. Because our focus was on mental health and
sleep quality, we added a measure of physical activity in our study.

To the best of our knowledge, no studies to date have been conducted to examine
the multiple factors that may be associated with the negative psychological effects of
COVID-19 in Saudi college students during the second wave of the pandemic. Most
studies examining the psychological effects of COVID-19 in Saudi college students were
either conducted during the first wave of the pandemic or performed on a major-specific
domain [23–29]. Additionally, no study on Saudi undergraduate students has examined
the socio-economic link between insomnia, anxiety, and depression. Previous reports
have investigated the COVID-19-related mental health and economic burden on Saudi
physicians [30], Indian immigrants in Saudi Arabia [31], and the public community [32]. A
cross-national longitudinal report found that the number of reported COVID-19 symptoms
and students testing positive for COVID-19 was significantly higher in the second wave of
the pandemic in most of the six participating countries than in the first wave. Additionally,
the number of infected friends or family members was higher in the second wave [33].
In addition, The Saudi Ministry of Health spokesman stated that the second wave of
COVID-19 was linked to an increased number of infected personnel following a substantial
reduction in COVID-19 positive cases, indicating the second wave represented a significant
health burden [34].

Saudi people aged below 25 years, which is the age of most college undergraduate
students, make up about 50% of the Saudi population [35], indicating that undergraduate
mental health is a significant public health burden. During outbreaks, individuals are put
under highly stressful conditions, resulting in a greater risk of developing anxiety. This
suggests that students’ mental health may deteriorate over prolonged periods of physical
distancing and virtual learning. However, to the best of our knowledge, no study in the
Kingdom of Saudi Arabia (KSA) has assessed the link between physical activity, mental
health, and insomnia during the COVID-19 pandemic. This research, therefore, explored
depression, anxiety, and sleep quality in Saudi undergraduate students. Next, we also
examined the effectiveness of physical activities in reducing depression and negative emo-
tions [36–38]. Based on the association between these factors, we highlight the need to
establish supportive programs. To fulfil our objective, the following specific aims were ad-
dressed: (1) Estimating whether the prevalence of physical activity in Saudi students aligns
with the WHO recommendation (≥150 min per week). This was achieved using a ques-
tionnaire, as described previously [19]. (2) Analyzing the impact of COVID-19 on mental
health by examining anxiety and depression in Saudi students using self-reported surveys
on generalized anxiety disorder (GAD-7) and a patient health questionnaire (PHQ-9) [39].
(3) Analyzing the impact of COVID-19 on sleep quality using the Pittsburgh Sleep Quality
Index (PSQI) [33]. (4) Investigating the possible link between physical activity, anxiety,
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and depression in light of different variables, such as exposure to COVID-19 [39]. Figure 1
presents the specific aims of the study.
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Figure 1. The specific aims of the study.

2. Materials and Methods
2.1. Participants

Participants comprised 207 university students from Saudi Arabia, with a mean age of
23 years (ranging from 18 to 42, M = 22.73, SD = 3.68). The majority were women (89%),
single (94%), and had fewer than ten family members (see Table 1). Most participants were
from the Central Region (85.51%), and around 40% were interns. Students represented
various universities in all geographical regions of Saudi Arabia, different colleges, and all
study levels, as listed in Table 1.

Table 1. Demographic characteristics of the sample.

Variable Categories n %

Gender Women 185 89.37
Men 22 10.63

Marital status Single 194 93.72
Married 13 6.28

Number of family members 1 6 2.90
2 5 2.42
3 10 4.83
4 15 7.25
5 28 13.53
6 34 16.43
7 46 22.22
8 32 15.46
9 15 7.25
10 6 2.90
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Table 1. Cont.

Variable Categories n %

11 6 2.90
12 3 1.45
13 1 0.48

Geographical region The Central Region
(Riaydh, Qasim) 177 85.51

The Western Region
(Mecca, Medina, Jeddah) 10 4.83

The Eastern Region (Damam,
Khafji, Alhasa) 8 3.86

The Southern Region
(Asir, Najran, Jizan) 3 1.45

The Northern Region (Tabuk,
Jouf, Hail) 9 4.35

Study year Internship 82 39.61
First 9 4.35

Second 14 6.76
Third 27 13.04

Fourth 39 18.84
Fifth 25 12.08
Sixth 11 5.31

2.2. Measurement
2.2.1. Exposure to COVID-19

We examined exposure to COVID-19, as described previously [19,33]. The following
eight questions were used to assess the consequences of COVID-19: (1) Have you experi-
enced symptoms that could indicate coronavirus infection? (2) Have you been tested for
coronavirus? (3) did coronavirus hospitalize you? (4) Did you have to be in strict quarantine
for at least 14 days and isolated from loved ones because of the coronavirus infection?
(5) Has anyone in your family or friend group been infected with coronavirus? (6) Have
any of your relatives died of coronavirus? (7) Have you or a loved one lost their job because
of coronavirus? (8) Are you currently experiencing a worsening of your functioning or
economic status due to the coronavirus pandemic? Participants answered these questions
by choosing Yes = 1 or No = 0.

2.2.2. Perceived Impact of COVID-19

The perceived negative impact of the COVID-19 (PNIC) was used to assess student’s
concerns and perceptions regarding the different situations that might be affected by the
COVID-19 pandemic. The PNIC was developed by investigators (but not validated), and
has been used in several previous studies [19,33] It addresses five concerns that may emerge
during the COVID-19 pandemic: (1) completing the semester and graduating; (2) finding a
job and professional development; (3) financial situation (e.g., subsistence during studies);
(4) relationships with loved ones and family; (5) relationships with colleagues and friends.
Participants responded to each statement on a 5-point Likert scale (ranging from 1 = Strongly
disagree to 5 = agree) [19,33]. Higher PNIC scores indicated more significant COVID-19-related
concerns. The PNIC contains two subscales: Socio-Economic Status (SES), which includes
three items—completing the semester, finding a job, and financial situation, and Social
Relationship (SR), which includes two items—relationships with loved ones and colleagues.
The internal reliability for both sub-scales was acceptable, with Cronbach’s α = 0.73 for
PNIC-SES and 0.72 for PNIC-SR.

2.2.3. Physical Activity

Physical activity during the COVID-19-related quarantine was assessed as described
previously [19], using the following questions: “How many days a week did you exercise
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physically or pursue sports activities at home or away from home, at the university, in
fitness clubs, or at the gym, in the last month?” Responses were reported on an eight-point
scale from 0 (not one day) to 7 (seven days a week). The second question addressed the average
minutes of practice per day (open question). The third question addressed the frequency of
activity in the month before the COVID-19 quarantine: “How many days a week did you
do physical exercise or sports activities at home or away from home, at the university, in
fitness clubs or at the gym, within a month before the general coronavirus quarantine?”
The level of physical activity during the previous week was calculated by multiplying
the number of days by the number of minutes per day. In the survey, we followed WHO
recommendations in categorizing participants into active and inactive groups. Participants
who exercised for ≥150 min were included in the group with a sufficient level of physical
activity (sufficient), while those exercising for <150 min per week were included in the
group with insufficient physical activity for health (insufficient) [40,41].

2.2.4. Anxiety

The Generalized Anxiety Disorder Scale (GAD-7) is a seven-item self-report ques-
tionnaire, with high validity, that is used to detect anxiety in the general population [42].
Responses are given on a 4-point Likert scale ranging from 0 (not at all) to 3 (every day) in the
previous two weeks. Total scores of 0 to 21 were used to determine the risk of anxiety [43].
The scale cut-off points are mild (5), moderate (10), and severe anxiety (15) [44]. For logistic
regression, the total sample was divided into two groups based on anxiety level, coded
as 0 = Low risk of anxiety (GAD-7 scores ≤ 9) and 1 = Moderate risk of anxiety (GAD-7
scores ≥ 10). The Cronbach’s α reliability coefficient for the GAD-7 was 0.98.

2.2.5. Depression

The Patient Health Questionnaire-9 (PHQ-9) is a 9-item self-report measure of depres-
sion symptoms that follows the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) criteria [42,45]. Participants were asked to rate the frequency with
which they had been troubled by the nine symptoms of depression over the last two weeks
on a scale of 0 to 3 (0 = not at all, 1 = several days, 2 = more than half the days, 3 = nearly every
day) [45]. Total scores were interpreted as indicating depression severity according to the
following scale: usual (0–4), mild (5–9), moderate (10–14), moderately severe (15–19), and
severe (20–27) [42,44]. Participants in this study were divided into a moderate depression
risk group (PHQ-9 scores ≥ 10) and a low depression risk group (PHQ-9 scores ≤ 9) [45].
The Cronbach’s α reliability coefficient for the PHQ-9 was 0.87.

2.2.6. Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) is a valid questionnaire used to assess sleep
habits during the previous month. It consists of 19 self-rated questions and five additional
questions rated by a roommate or a bed partner [46,47]. The 19 items are grouped into
seven components (rated from 0 to 3) to assess the different variables related to sleep quality.
The seven components are: subjective sleep quality, sleep latency, sleep duration, sleep
efficiency, sleep disturbance, use of sleep medication, and daytime dysfunction [46]. The
total PSQI score ranges from 0 to 21, with higher scores indicating worse sleep quality. The
cut-off point of the PSQI was >6 [48], and the Cronbach’s α reliability coefficient was 0.79.

2.2.7. Demographics

The online survey elicited information on the following demographic characteristics:
age, gender, marital status, number of family members at home, place of residence in Saudi
Arabia (Central, Western, Eastern, Northern, or Southern region), university, college major,
and year of study (ranging from the first year to internship).



Int. J. Environ. Res. Public Health 2022, 19, 6262 6 of 18

2.3. Study Design

This cross-sectional study was conducted in KSA during the second wave of the
outbreak of the COVID-19 pandemic on 6 March and 18 August 2021. The survey was
distributed through the most popular social media platforms in Saudi Arabia (Twitter,
WhatsApp, Telegram, etc.). Google Forms was used to create a link for the survey, and each
participant was invited to take part using a specific link; all participation was voluntary.
A consent message indicating that responses were confidential and completely voluntary,
along with a clear indication of the project aims, was stated at the beginning of the survey.
Consent was obtained by asking participants to confirm their agreement to complete
the questionnaire by marking a “yes; I agree to participate” tick box. Ten participants
completed the questionnaire, but declined to participate. Ethical approval was granted
from the Institutional Review Board at King Saud University in Riyadh, Saudi Arabia (KSU-
HE-21-290). A pilot questionnaire was first conducted to validate the survey, following
which several amendments were made.

2.4. Statistical Analysis

A number of statistical tests were performed to answer the research questions. The
McNemar χ2 test was conducted to examine changes in physical activity level (sufficient
vs. insufficient) between two periods: (1) before and (2) during the COVID-19 pandemic.
Associations between anxiety, depression, and sleep quality, exposure to COVID-19, and
physical activity were examined using 2 × 2 contingency tables and Pearson’s χ2 test of
independence, with a φ coefficient to assess effect size. Multivariate logistic regression
was performed to examine associations between depression (as a dependent variable) and
exposure to COVID-19, physical activity, anxiety, and sleep quality (considered as predictor
variables), and gender as a potential confounding variable.

Next, we assessed the parametric properties of anxiety, depression, sleep quality, and
the perceived negative impact of COVID-19 on daily life, all of which were considered
continuous variables. The range of scores, mean (M), standard deviation (SD), median
(Mdn), skewness, kurtosis, and Cronbach’s α were calculated for this purpose. A parametric
Pearson’s correlation test was then performed to identify associations between variables.
Finally, a linear multiple regression analysis was conducted, using the entering method of
introducing variables. All statistics were performed using SPSS for Windows, while figures
were obtained from JASP for Windows, JASP Team (2020). JASP (Version 0.14.1). Computer
software. Amstedram, The Netherlands: Department of Psychological Methods, University
of Amsterdam.

3. Results
3.1. Prevalence of Anxiety, Depression, and Exposure to COVID-19

Among the university students, 89 people were at moderate risk of GAD (GAD-7
scores ≥ 10), with a prevalence of 43%. A total of 50% (n = 104) of participants also exhibited
a moderate depression risk (PHQ-9 scores ≥ 10). The prevalence of poor sleep quality
(PSQI > 6) was 66% (n = 136). Regarding exposure to COVID-19, 46% (n = 95) of students
sampled experienced symptoms that could indicate COVID-19 infection (Exposure 1);
61% (n = 127) were tested for COVID-19 (Exposure 2); 6% (n = 13) were hospitalized
by COVID-19 (Exposure 3); 30% (n = 61) were in strict quarantine for at least 14 days
(i.e., in isolation from loved ones because of the COIVD-19 infection) (Exposure 4); 80%
(n = 165) stated that some members of their family or friend group were infected with
COVID-19 (Exposure 5); 26% (n = 53) reported that their relatives had died of COVID-19
(Exposure 6); 16% (n = 33) declared that they or a loved one lost their job because of
COVID-19 (Exposure 7), and 31% (n = 64) experienced worse functioning or lower economic
status due to the effects of the pandemic (Exposure 8).



Int. J. Environ. Res. Public Health 2022, 19, 6262 7 of 18

3.2. Examining Physical Activity in the Sample of University Students

A contingency table was created to examine and compare changes in physical ac-
tivity level one month before the pandemic and in the most recent month during the
COVID-19 crisis. Overall, only 34% of participants (n = 49) were sufficiently involved in
physical activity (physical activity ≥ 150 min. per week) during the pandemic, while 21%
(n = 43) were involved before the pandemic. Only 26 people reported being sufficiently
engaged in physical activity both before and during the pandemic. Twenty-three persons
exercised insufficiently before the pandemic, but sufficiently during the COVID-19 crisis.
Seventeen people were sufficiently involved in physical activity before, but not during
the pandemic. The sample of participants with an insufficient level of physical activity
both before and during the pandemic consisted of 141 students. The difference between
insufficient physical activity level before the pandemic (79.23%) and during (76.33%) was
2.90% (95% CI = −3.18%; 8.98%). These changes were, however, not significant (McNemar
χ2(1) = 0.90, p = 0.34 [corrected for continuity p = 0.43]).

3.3. The Association between Exposure to the COVID-19 Pandemic and Physical Activity with the
Mental Health of University Students

A 2 × 2 contingency table was performed to examine the association between exposure
to COVID-19 (no, yes) and physical activity level (sufficient, insufficient), with the risk
of anxiety and depression (low risk, moderate risk), and also sleep quality (good, poor).
A Pearson’s χ2 test of independence was performed to examine significant relationships
between dichotomous variables, while φ was calculated for effect size. The results are
presented in Table 2. Anxiety risk was not related to any of these variables, whereas
depression was weakly linked to being in strict quarantine for at least 14 days (χ2(1) = 6.49,
p < 0.05, φ = 0.18). Poor sleep quality was related to isolation from loved ones (χ2 (1) = 4.94,
p < 0.05, φ = 0.15) and to losing a job because of COVID-19 (χ2(1) = 4.52, p < 0.05, φ = 0.15).
Physical activity was not associated with anxiety, depression, or sleep quality.

The logistic regression analysis was performed for all variables, which were considered
categorical, including gender (men = 0, women = 1), exposure (no = 0, yes = 1), physical
activity (insufficient = 0, sufficient = 1), anxiety (low = 0, moderate = 1), sleep quality
(poor = 0, good = 1), and depression (low = 0, moderate = 1). The results (Table 3) indicate
that among all variables included in the regression model, only Exposure 4 (being on strict
quarantine for at least 14 days in isolation from loved one and family), anxiety, and sleep
quality were significant predictors of depression. Exposure to strict quarantine doubled
the risk of depression (OR = 2.74, p < 0.05), moderate or severe anxiety levels increased the
risk of depression 15 times (OR = 15.48, p < 0.001), while sleep quality increased the risk of
depression four-fold (OR = 4.08, p < 0.001). The model of regression can explain 39% of
depression variance (Cox–Snell R2 = 0.392).
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Table 2. The associations of anxiety and depression with exposure to COVID-19 and physical activity N = 207).

Variable

Anxiety Depression Sleep Quality

Low Risk Moderate Risk Low Risk Moderate Risk Good Poor

n % n % χ2(1) φ n % n % χ2(1) φ n % n % χ2(1) φ

Exposure 1 1.86 −0.09 0.58 −0.05 0.22 0.03
No 59 52.68 53 47.32 53 47.32 59 52.68 40 56.34 72 52.94
Yes 59 62.11 36 37.89 50 52.63 45 47.37 31 43.66 64 47.06

Exposure 2 0.21 −0.03 0.83 0.06 1.15 0.28
No 44 55.00 36 45.00 43 53.75 37 46.25 31 43.66 49 36.03
Yes 74 58.27 53 41.73 60 47.24 67 52.76 40 56.34 87 63.97

Exposure 3 0.06 0.02 2.00 a 0.10 2.20 a 0.10
No 111 57.22 83 42.78 99 51.03 95 48.97 69 97.18 125 91.91
Yes 7 53.85 6 46.15 4 30.77 9 69.23 2 2.82 11 8.09

Exposure 4 0.73 0.06 6.49 a* 0.18 4.94 a* 0.15
No 86 58.9 60 41.10 81 55.48 65 44.52 57 80.28 89 65.44
Yes 32 52.46 29 47.54 22 36.07 39 63.93 14 19.72 47 34.56

Exposure 5 1.05 a −0.07 1.82 a −0.09 0.02 a −0.01
No 21 50.00 21 50.00 17 40.48 25 59.52 14 19.72 28 20.59
Yes 97 58.79 68 41.21 86 52.12 79 47.88 57 80.28 108 79.41

Exposure 6 0.80 a −0.06 0.01 0.01 0.37 −0.04
No 85 55.19 69 44.81 77 50.00 77 50.00 51 71.83 103 75.74
Yes 33 62.26 20 37.74 26 49.06 27 50.94 20 28.17 33 24.26

Exposure 7 0.10 a 0.02 4.24 a 0.14 4.52 a* 0.15
No 100 57.47 74 42.53 92 52.87 82 47.13 65 91.55 109 80.15
Yes 18 54.55 15 45.45 11 33.33 22 66.67 6 8.45 27 19.85

Exposure 8 2.77 0.11 1.34 0.08 1.57 a 0.09
No 87 60.84 56 39.16 75 52.45 68 47.55 53 74.65 90 66.18
Yes 31 48.44 33 51.56 28 43.75 36 56.25 18 25.35 46 33.82
PA 0.00 0.00 0.28 0.04 3.20 0.12

Sufficient 28 57.14 21 42.86 26 53.06 23 46.94 22 30.99 27 19.85
Insufficient 90 56.96 68 43.04 77 48.73 81 51.27 49 69.01 109 80.15

Note: Exposure = Exposure to COVID-19 to assess the consequences of COVID-19. Exposure 1 = symptoms of COVID-19 infection; Exposure 2 = test for COVID-19;
Exposure 3 = hospitalization; Exposure 4 = strict quarantine for at least 14 days; Exposure 5 = family or friend infected; Exposure 6 = death of a loved one or relative; Exposure 7 = job
loss; Exposure 8 = a worsening economic status; PA = Physical activity during the coronavirus-related quarantine; a = the Fisher exact test statistical value, used due to the small sample
size; * p < 0.05.
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Table 3. Results of logistic regression analysis for depression.

Variable b SE b β AOR
95% CI Wald Test

LL UL z χ2(1) p

Intercept −1.43 0.80 0.03 0.24 0.05 1.15 −1.79 3.21 0.073
Gender −1.09 0.66 −0.34 0.34 0.09 1.21 −1.67 2.77 0.096

Exposure 1 −0.58 0.44 −0.29 0.56 0.24 1.33 −1.32 1.73 0.188
Exposure 2 0.40 0.43 0.20 1.49 0.64 3.48 0.93 0.86 0.355
Exposure 3 0.62 0.88 0.15 1.86 0.33 10.32 0.71 0.50 0.481
Exposure 4 1.01 0.47 0.46 2.74 1.08 6.94 2.12 4.51 0.034
Exposure 5 −0.50 0.49 −0.20 0.61 0.23 1.57 −1.03 1.07 0.302
Exposure 6 −0.08 0.47 −0.04 0.92 0.36 2.32 −0.18 0.03 0.858
Exposure 7 0.87 0.56 0.32 2.40 0.80 7.17 1.56 2.44 0.118
Exposure 8 −0.41 0.43 −0.19 0.66 0.29 1.54 −0.96 0.92 0.339

PA 0.56 0.50 0.24 1.74 0.66 4.64 1.11 1.24 0.265
Anxiety 2.74 0.41 1.36 15.48 6.98 34.32 6.74 45.44 <0.001

Sleep quality 1.41 0.42 0.67 4.08 1.81 9.20 3.39 11.46 <0.001

Note. Exposure = Exposure to COVID-19 to assess the consequences of COVID-19. Exposure 1 = symptoms
of COVID-19 infection; Exposure 2 = test for COVID-19; Exposure 3 = hospitalization; Exposure 4 = strict
quarantine for at least 14 days; Exposure 5 = family or friend infected; Exposure 6 = death of a loved one or
relative; Exposure 7 = job loss; Exposure 8 = a worsening economic status; PA = physical activity during the
COVID-19-related quarantine. SE = standard deviation, AOR = adjusted odds ratio, CI = confidence interval,
LL = lower level, UL = upper level.

3.4. Descriptive Statistics

First, the parametric properties of continuous variables (anxiety, depression, sleep
quality, and the perceived negative impact of COVID-19 on daily life) were examined, yield-
ing information on the range of scores, mean (M), standard deviation (SD), median (Mdn),
skewness, kurtosis, and Cronbach’s α (see Table 4). The value of skewness and kurtosis
ranged between +1, indicating that the variables met the assumptions for a parametric
statistical analysis.

Table 4. Descriptive statistics for study variables.

Scale Range M SD Mdn Skewness Kurtosis Cronbach’s α

PHQ-9 0–27 10.14 6.45 10 0.30 −0.54 0.87
GAD-7 0–21 8.83 5.48 8 0.24 −0.88 0.89
PSQI 0–16 8.12 3.48 8 0.05 −0.66 0.79

PNIC-SES 1–5 3.12 1.02 3 −0.13 −0.52 0.73
PNIC-SR 1–5 3.32 1.11 3 −0.21 −0.69 0.72

Note. GAD-7 = a seven-item scale of General Anxiety Disorder; PHQ-9 = a nine-item scale of Patient Health;
PSQI = the Pittsburgh Sleep Quality Index; PNIC-SES = Socio-Economic Status of the Perceived Negative Impact
of COVID-19; PNIC-SR = Social Relationships of the Perceived Negative Impact of COVID-19.

3.5. Associations between Variables

Preliminary correlation analysis was performed to examine associations between
variables. The results are presented in Figure 2. A high correlation was found between
depression and anxiety, and a moderate correlation between sleep quality and both anxiety
and depression, and also between both PNIC scales (SES and SR). SES and SR were weakly
related to anxiety and depression, but not sleep quality.
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Figure 2. Scatter plots for associations between study variables. PNIC-SES = Socio-Economic Status
of the Perceived Negative Impact of COVID-19; PNIC-SR = Social Relationships of the Perceived
Negative Impact of COVID-19.

Linear regression was performed to explore predictors of depression among all other
variables, including anxiety, sleep quality, exposure to COVID-19 (considered the sum of
all eight items), and both PNIC scales SES and SR (Table 5). Anxiety, sleep quality, and
PNIC-SES were significant predictors of depression. The model of regression explained
66% of depression variance (R = 0.81, R2 = 0.66, F(5, 43) = 16.53, p < 0.001).

Table 5. Results of linear regression analysis for depression (N = 207).

Variable b SE b β t p
95% CI

LL UL

Constant −6.12 2.71 −2.26 0.029 −11.59 −0.65
Anxiety 0.42 0.16 0.33 2.73 0.009 0.11 0.74

Sleep quality 0.72 0.27 0.32 2.73 0.009 0.19 1.26
Exposure to
COVID-19 −0.03 0.39 −0.01 −0.07 0.942 −0.82 0.76

PNIC-SES 1.72 0.72 0.26 2.39 0.021 0.27 3.17
PNIC-SR 0.81 0.85 0.12 0.96 0.344 −0.90 2.53

Note. PNIC-SES = Socio-Economic Status of the Perceived Negative Impact of COVID-19; PNIC-SR = Social
Relationships of the Perceived Negative Impact of COVID-19.
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4. Discussion
4.1. The Mental Health of Saudi Students

The current study was conducted during the second wave of the pandemic to examine
the link between sleep quality, physical activity, and PNIC as predictors of mental health
among undergraduate students in Saudi Arabia. It also assessed the need to establish
support programs. The results indicated that a significant number, about half of the par-
ticipants, were at a higher risk of developing depression. A similar risk was reported in
those individuals with poor sleep quality. Our multiple linear regression analysis revealed
a strong association between depression and anxiety. Furthermore, an association was iden-
tified between depression and exposure to COVID-19. About one-third of the participants
exhibited a higher risk of depression when undergoing a strict two week quarantine.

Our report revealed that the prevalence of depression is relatively high. However, the
difference between insufficient physical activity levels before and during the pandemic was
not significant. This aligns with a recent cross-national study, which reported that physical
activity was not linked to depression or anxiety in students [49].

The COVID-19 pandemic provoked anxiety and lifestyle changes worldwide. Fol-
lowing the declaration of a Public Health Emergency of International Concern, lockdown
and social distancing were implemented in most countries [50]. These preventive mea-
sures are linked to psychological well-being [51]. Compounding the psychological impacts
most individuals had to endure due to changes in habits and routine, college students
had to cope with additional stress factors, such as examinations, academic overload, and
adjusting to college life. At college, a sudden and rapid development occurs, both psycho-
logically and physiologically. Developmental psychologists refer to this stage as emerging
adulthood [52]. During this phase, challenging stages are encountered, such as long-term
life, career, and personal choices, financial independence, personal planning, and becoming
a self-reliant adult [53].

Studies published during the COVID-19 pandemic demonstrated that frequent de-
pressive symptoms, anxiety symptoms, suicidal thoughts, and perceived stress are more
prevalent among college students than non-students [54]. Another study found that 71%
of college students reported increased stress and anxiety due to the COVID-19 pandemic.
Only 5% sought help through mental health counseling services [6].

The prevalence of depression reported in our study affected approximately half of the
participants, indicating significant potential academic, health, and societal consequences.
For example, a recent report using the PHQ-8 scale suggested that the prevalence of
depression in Turkish and Polish university students was 60% [55]. Major depressive
disorder is a severe disorder, one of the leading disabilities, and has a high comorbidity
profile [56–58]. A similar magnitude has been reported in Indian medical students [59].
Furthermore, depression increases the risk of suicide by 15% [60], and suicide is the third
leading cause of death in young populations [61].

The elevated risk of reported depression could also be related to the gender of the
participants. About 90% of our participants were female. It is well-established that females
exhibit a higher risk of developing depression and anxiety [62]. The elevated risk may also
be due to the nature of the study. Self-reporting studies are confounded by participants’
perceptions and points of view, along with the sample size.

A previous study indicated that the effect of social isolation during confinement on
French undergraduate students who lived with their parents was less severe than on
those who lived away from their families [63]. Additionally, scores on the self-reported
PHQ-9 have indicated that social support from family members, friends, and significant
others has a significant impact on the quality of life [64]. Depression due to exposure
to a moderate stress levels can be prevented by social support [65]. A United Kingdom
social study reported that individuals with high social support scored lower on the PHQ-9,
suggesting that social support reduces the risk of developing depression [66]. Additionally,
family support promotes coping mechanisms and helps change attitudes toward seeking
psychological help [67]. Being away from families and loved ones triggers overwhelming
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loneliness [68]. Loneliness is linked to passive coping mechanisms [69], and is a unifying
feature among psychological diseases, especially mood disorders [70,71].

Our analyses indicated that the prevalence of anxiety affected more than a third
of the participants. This pandemic evolved dramatically, and the global community is
uncertain about its length and consequences [72]. We found that a substantial number of
students exhibited poor sleep quality. Similar findings have been reported in previous
studies [73]. Our results also identified a significant association between poor sleep quality
and isolation from loved ones and job loss. In line with our findings, prior research has
found that poor sleep quality is significantly linked to sociodemographic and interpersonal
relationships [74]. A previous study also identified a significant association between
insomnia and clinically significant depression and anxiety [75]. Another report linked
suicide ideation with sleep distress in university students and athletes [76]. Socio-economic
factors are significant stressors during the COVID-19 pandemic. Importantly, family income
stability has been found to be a significant stressor in university students [77]. Additionally,
a recent cross-national longitudinal study reported that socio-economic deterioration during
the COVID-19 pandemic increases the risk of high COVID-19-related post-traumatic stress
disorder [33].

Our data indicated that the difference between insufficient physical activity levels
before and during the pandemic was not significant, nor was its relationship with mental
health status. However, previous studies have reported the opposite [20,21]. This could be
attributed to several factors. First, the tools used differ in accuracy and scale fitness [78];
thus, the utilization of other scales might impact the reported results. Different instruments
are available for evaluating physical activity, including the International Physical Activity
Questionnaire (IPAQ) and the Human Activity Profile (HAP) [79]. A systematic review
examining the properties of physical activity questionnaires indicated that existing evi-
dence regarding criterion validity is inconclusive. For example, instruments demonstrated
variability in test-retest reliability and validity. Further studies are needed to assess the
short-form self-reporting questionnaire [80]. Second, our sample was cross-sectional. The
association between physical activity and mental health might require a larger population
sample size, as the association was reported to be small and inconsistent [81].

A confounding factor in our research was that a significant number of participants
were female, preventing us from examining gender differences. A similar observation was
reported in other studies [26,82]. A recent systematic review indicated that the COVID-19
pandemic negatively affects the health-related quality of life in children and/or adolescents.
Notably, the review found that only a couple of studies examined gender differences,
suggesting a lack of gender-based studies in this field. The first report indicated that
gender differences existed before the pandemic in young German populations. However,
these differences were not significant during the pandemic. Similarly, during the pan-
demic, no gender differences existed in the health-related quality of life of young Spanish
populations [83].

4.2. Institutional Mental Health Support Systems

College and university counseling services have been established in different areas
around the world in an effort to help students overcome the various problems they may
face while at college. For example, in the United States, a typical university counseling
center staff member holds a license to practice, usually as a psychologist, and anxiety and
depression are the most common concerns presented by students [84]. The University
of Washington Counseling Center is one example of a counseling service that provides
a variety of options for students seeking assistance with stress and mental health issues.
Their service offers workshops, individual counseling, group counseling, and referrals for
students interested in long-term or specialized counseling. They also provide multiple
self-help online materials on their web pages, such as apps, articles, and podcasts that
provide information on different topics, but these are not intended to be a substitute for
counseling [85]. Similar services are also offered by the counseling and mental health sup-
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port at Northumbria University in Newcastle [86]. While counseling services in universities
across the United States and the United Kingdom seem to offer different styles of counseling
services, almost all provide a hotline service for emergencies and immediate assistance for
situations such as suicidal ideation, extreme psychological distress, or being assaulted.

Regarding local counseling services, the Kingdom of Saudi Arabia has established
the National Center for Mental Health Promotion, which aims to promote mental health
awareness in the community, help people obtain treatment and rehabilitation services, and
promote access to a better life. Furthermore, to address the growing number of mental
health issues among college students, the National Center for Mental Health Promotion
has issued a request to universities in all regions of the Kingdom to establish groups to
promote mental health. In response, many universities in the area have established student
counseling services, some of which offer appointments for personal counseling, such as the
Effat University Student Counseling Services, Imam Abdulrahman bin Faisal University
Counseling Center, Imam Muhammad bin Saud Islamic University Psychological and
Social Counseling Unit, Princess Nourah bint Abdulrahman University Family Consulting
Center, and King Saud University Psychological Services Unit (as part of the department of
psychology at the college of education). In addition, universities such as Saudi Electronic
University and King Saud University have established committees to organize seminars
and awareness programs.

Most Saudi universities offer counseling services and provide all the contact informa-
tion needed to book an appointment. However, some essential aids are missing, such as
adequate online resources and self-help and crisis hotline materials. Counseling services
are vital for college students who exhibit higher levels of distress and need mental health
counseling. It is crucial to efficiently execute the counseling services for college students to
reduce attrition, improve academic and psychosocial performance, and reduce the risk of
onset of a wide range of chronic physical conditions resulting from mental illnesses.

4.3. The Utilities and Arrangements for COVID-19 Testing in Saudi Arabia

Our results highlighted that numerous populations had been tested for COVID-19
(Exposure 2). Saudi Arabia has established guidelines and implemented proactive preven-
tive measures for the preparedness, detection, testing, tracing, isolation, and treatment of
COVID-19 [87], making it one of the first countries to implement early preventive measures
to control the spread of the virus [88]. In addition to Saudi Arabia’s Ministry of Health,
military hospitals and other government-sponsored institutions provide free healthcare
services for the general population. COVID-19 testing and treatment have also been offered
for all citizens, legal, and illegal residents, free of charge and without any consequences [87].
Surveillance and mass testing are crucial measures initiated by Saudi Arabia in the early
phase of the pandemic. According to a recent study, testing is a critical factor in slowing
the spread of the disease. Countries with a high rate of positive cases are less likely to have
tested widely enough to detect positive COVID-19 cases at an early stage [89]. These data
imply a clear link between a country’s choice to conduct mass screening tests and the total
number of deaths and infected cases.

One study demonstrated that the best course of action for community health is to begin
testing as soon as possible, which will allow for early discovery of infection, treatment, and
isolation of infected individuals to prevent disease transmission [89]. In Saudi Arabia, mass
screening was implemented in stages, with the first stage focusing on conducting field
testing in heavily populated areas [90]; this resulted in the identification of a large number
of confirmed cases and their contacts, and the implementation of necessary preventive
measures to avoid future spread [87].

The Saudi government has established and implemented both “Taakkad” centers and
Tetamman clinics [87,90]. High laboratory capacity and preparedness were necessary to
manage and analyze COVID-19 samples. To optimize the national initiatives targeted at
preventing the spread of COVID-19, the Ministry of Health collaborated with the Saudi
Center for Disease Prevention and Control (SCDC), regional laboratories, and various
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reference laboratories in the health sector. In addition to laboratories with a capacity
estimated at over 80,000 tests per day, Saudi Arabia also signed a contract with China
to provide nine million COVID-19 diagnostic tests, along with devices, specialists, and
specialized technicians, and the establishment of six large regional laboratories distributed
across various regions of the Kingdom, including a mobile laboratory with the capacity to
perform 10,000 tests per day [87].

4.4. Study Limitations

The first limitation of the current study is that most of the participants were from the
Central Region. Moreover, most of the sample subjects were single females. Significantly,
some studies have indicated that being single and female are risk factors for anxiety and
stress. The output of this study is significant, and the sample size is adequate, but the
number of participants is not considered large. However, it is important to note that
a similar sample size was acceptable in both GAD-7 [91–93] and PHQ-9 studies [94,95].
Our study also reported results that are consistent with published studies. The second
limitation of this study relates to the measurement method, namely the self-report online
questionnaires that relied on convenience sampling. Nevertheless, this was the only way in
which mental health could be investigated during the lockdown.

5. Conclusions

Our study highlighted the significant prevalence of anxiety, poor sleep quality, and
depression among undergraduate students. It further examined the impact of isolation
from loved ones and job loss. This report underlines the socio-economic impact of this
pandemic and the overwhelming prevalence of depression. Based on the findings, the
researchers recommend establishing and developing institutional mental health preventive
and support programs focused on improving sleep quality and decreasing anxiety and
depression among university students.
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Korchagina, E.V.; et al. Exposure to COVID-19 during the First and the Second Wave of the Pandemic and Coronavirus-Related
PTSD Risk among University Students from Six Countries—A Repeated Cross-Sectional Study. J. Clin. Med. 2021, 10, 5564.
[CrossRef] [PubMed]

34. Ministry of Health—Kingdom of Saudi Arabia. MOH Spokesman: Second Wave of COVID-19 Means Increase in Infections after
Significant Decline. MOH News, 28 September 2020.

35. Statistical Analysis and Decision Support Center. Saudi Youth in Numbers A report for International Youth Day. 2020.
Available online: https://www.stats.gov.sa/sites/default/files/saudi_youth_in_numbers_report_2020en_0.pdf (accessed on
15 December 2021).

36. Zhang, Y.; Zhang, H.; Ma, X.; Di, Q. Mental health problems during the COVID-19 pandemics and the mitigation effects of
exercise: A longitudinal study of college students in China. Int. J. Environ. Res. Public Health 2020, 17, 3722. [CrossRef] [PubMed]

37. Caputo, E.L.; Reichert, F.F. Studies of Physical Activity and COVID-19 during the Pandemic: A Scoping Review. J. Phys. Act.
Health 2020, 17, 1275–1284. [CrossRef]

38. Carriedo, A.; Cecchini, J.A.; Fernandez-Rio, J.; Méndez-Giménez, A. COVID-19, Psychological Well-being and Physical Activity
Levels in Older Adults During the Nationwide Lockdown in Spain. Am. J. Geriatr. Psychiatry 2020, 28, 1146–1155. [CrossRef]

39. Buysse, D.J.; Reynolds, C.F., III; Monk, T.H.; Hoch, C.C.; Yeager, A.L.; Kupfer, D.J. Quantification of Subjective Sleep Quality in
Healthy Elderly Men and Women Using the Pittsburgh Sleep Quality Index (PSQI). Sleep 1991, 14, 331–338. [CrossRef]

40. Jokisch, E.; Coletta, A.; Raynor, H.A. Acute energy compensation and macronutrient intake following exercise in active and
inactive males who are normal weight. Appetite 2012, 58, 722–729. [CrossRef]

41. WHO. Coronavirus Disease (COVID-19): Staying Active; WHO: Geneva, Switzerland, 2020.
42. Levis, B.; Benedetti, A.; Thombs, B.D. Accuracy of Patient Health Questionnaire-9 (PHQ-9) for screening to detect major

depression: Individual participant data meta-analysis. BMJ 2019, 365, l1476. [CrossRef]
43. Johnson, S.U.; Ulvenes, P.G.; Øktedalen, T.; Hoffart, A. Psychometric Properties of the General Anxiety Disorder 7-Item (GAD-7)

Scale in a Heterogeneous Psychiatric Sample. Front. Psychol. 2019, 10, 1713. [CrossRef]
44. Spitzer, R.L.; Kroenke, K.; Williams, J.B.; Löwe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7. Arch.

Intern. Med. 2006, 166, 1092–1097. [CrossRef]
45. Manea, L.; Gilbody, S.; McMillan, D. A diagnostic meta-analysis of the Patient Health Questionnaire-9 (PHQ-9) algorithm scoring

method as a screen for depression. Gen. Hosp. Psychiatry 2015, 37, 67–75. [CrossRef] [PubMed]
46. Buysse, D.J.; Reynolds, C.F.; Monk, T.H.; Berman, S.R.; Kupfer, D.J. The Pittsburgh sleep quality index: A new instrument for

psychiatric practice and research. Psychiatry Res. 1989, 28, 193–213. [CrossRef]
47. Mollayeva, T.; Thurairajah, P.; Burton, K.; Mollayeva, S.; Shapiro, C.M.; Colantonio, A. The Pittsburgh sleep quality index as a

screening tool for sleep dysfunction in clinical and non-clinical samples: A systematic review and meta-analysis. Sleep Med. Rev.
2016, 25, 52–73. [CrossRef] [PubMed]

48. Manzar, M.D.; Moiz, J.A.; Zannat, W.; Spence, D.W.; Pandi-Perumal, S.R.; Ahmed, S.B.; Hussain, M.E. Validity of the Pittsburgh
Sleep Quality Index in Indian University Students. Oman Med. J. 2015, 30, 193–202. [CrossRef]
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