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Abstract:
OBJECTIVE: Sleep problems during the coronavirus disease 2019 (COVID‑19) pandemic commonly 
affected general populations. Data on the effect of the COVID‑19 pandemic on sleep quality in 
Saudi Arabia are scarce. Thus, the aim of our study was to evaluate sleep quality and assess the 
psychological burden of the pandemic in COVID‑19 patients and the general population.
METHODS: This was a multicenter, observational, cross‑sectional survey. Participants with COVID‑19 
were recruited from different health‑care centers in the western region during the lockdown period 
from May 13, 2020 to September 2, 2020. All participants completed a validated online survey. The 
control group comprised individuals from the general public who responded to the online survey 
through social media. Demographic data, COVID‑19 status, and history of chronic diseases were 
collected. Sleep quality, depression, and insomnia were assessed using validated questionnaires.
RESULTS: In total, 1091 participants were surveyed and 643 (58.9%) were positive for COVID‑19. 
Poor sleep quality was reported in 66.1% of COVID‑19 patients (mean score ± standard deviation [SD] 
6.9  ±  4.0) and 72.8% of controls  (mean score  ±  SD 7.6  ±  4.3). Insomnia affected 50.5% of 
COVID‑19 patients (mean score ± SD 6.5 ± 5.5) and 58.5% of controls (mean score ± SD 7.6 ± 5.5). 
Depression was diagnosed in 39.5% of COVID‑19 patients (mean score ± SD 4.7 ± 4.6) and 70.1% 
of controls (mean score ± SD 8.9 ± 6.7).
CONCLUSIONS: The COVID‑19 pandemic had a great impact on mental health and sleep quality in 
both COVID‑19 patients and the general population but more pronounced in the general population.
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At the end of 2019, a surge in atypical 
pneumonia cases occurred in the 

City of Wuhan, China. The causative 
pathogen was acute respiratory syndrome 
coronavirus 2, which causes coronavirus 
disease 2019 (COVID‑19).[1] The virus spread 
at an alarming rate, which led the World 

Health Organization to declare the novel 
coronavirus outbreak a “Public Health 
Emergency of International Concern” in 
January 2020 and a global pandemic in 
March 2020.[2]

The first case in Saudi Arabia was confirmed 
by the Ministry of Health  (MOH) on the 
March 02, 2020.[3] In the ensuing months, 
the Kingdom of Saudi Arabia recorded 
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the highest number of active cases among the Gulf 
Arab states. At the time of this study, 318,319  cases 
of COVID‑19 were confirmed in the Kingdom with 
293964 (92.3%) recoveries and 3929 succumbing to the 
disease (case‑fatality rate 1.2%).[4]

The early detection of cases through surveillance 
and contact tracing helped contain the outbreak.[5] 
Different control measures to contain the COVID‑19 
outbreak were implemented in Saudi Arabia. These 
included enforcement of social distancing rules, case 
isolation, contact tracing, country‑wide lockdowns, 
and precautionary measures to limit the spread of 
infection.[6]

Such precautionary measures have had significant 
economic impacts and caused social disruptions in 
Saudi Arabia and across the world.[7] The pandemic 
has resulted in increased rates of mental disorders, 
including stress, anxiety, and depression.[8] A study 
conducted by Alkhamees et al.[9] showed that one‑fourth 
of the general population in Saudi Arabia experienced 
moderate‑to‑severe psychological impact during the 
early stages of the COVID‑19 pandemic.

Clinical studies have shown that anxiety and depression 
have a detrimental effect on the quality of sleep.[10] 
Negative emotions may increase the sleep latency of 
individuals, making it difficult to establish sleep, increase 
nighttime and early awakenings, and increase dreaming. 
Thus, poor sleep efficiency and disruption of sleep 
structure ensues.[10]

Wu et  al. reported that the COVID‑19 pandemic 
increased mental health problems (depression, anxiety, 
distress and insomnia) of the global population, 
particularly health‑care workers, noninfectious 
patients with chronic disease, COVID‑19  patients, 
and quarantined persons.[10] Furthermore, Deng et al. 
conducted a systematic review and random effects 
meta‑analysis to assess the prevalence of depression, 
anxiety, and sleep disturbances in COVID‑19 patients. 
The present study found that the pooled prevalence 
of depression, anxiety, and sleep disturbances was 
45%, 47%, and 34%, respectively, without significant 
differences in the prevalence estimates between 
different genders; however, depression and anxiety 
prevalence estimates varied based on different 
screening tools used.[11]

It is estimated that sleep disorders during the COVID‑19 
pandemic affected 40% of the general population. In 
particular, patients with confirmed COVID‑19 and 
health‑care workers had a higher prevalence of sleep 
disorders.[12,13] Moreover, sleep deprivation has negative 
consequences on physical and mental health.[14,15]

To our knowledge, data on the effect of the COVID‑19 
pandemic on sleep quality in Saudi Arabia are scarce. 
Thus, the objectives of our study were to evaluate sleep 
quality and assess the psychological burden of the 
pandemic on patients diagnosed with COVID‑19 and 
the general population.

Methods

Design and setting
This study is an observational, cross‑sectional survey 
conducted by trained physicians at different centers in 
the western region of Saudi Arabia. Demographic data: 
Age, gender, employment, COVID‑19 diagnosis, and 
history of chronic disease were collected. Sleep quality, 
depression, and insomnia were assessed using validated 
questionnaires.

Participants
The study was carried out over a period of 16 weeks, 
from May 13, 2020, to September 2, 2020. Patients were 
diagnosed with COVID‑19 if they tested positive on 
nasopharyngeal swab PCR testing. The COVID‑19 group 
consisted of admitted COVID‑19  patients at different 
hospitals in the Makkah region and patients who were 
isolated in hotels or at home by an order of the MOH. 
Both arms consisted of individuals older than 18 years of 
age who were recruited through an online questionnaire. 
Confirmed COVID‑19 patients who were sedated and 
intubated in intensive care units were excluded. The 
other exclusion criterion was a previous diagnosis of 
sleep or mental disorders.

Sample size
A sample size of 612 was calculated based on these 
parameters for the comparison of two proportions: 
P1 = 0.56 (prevalence of poor sleep quality in the general 
Saudi population during COVID‑19 pandemic);[16] 
P2  =  0.75  (prevalence of poor sleep quality in the 
COVID‑19  patients)  (10); ratio  =  1; 0.99 confidence 
interval, and 0.99 power for a two‑tailed test. As the 
study used a convenient sampling strategy, therefore, 
we recruited slightly higher number of participants in 
the study.

Instruments
Pittsburgh Sleep Quality Index
The Pittsburgh Sleep Quality Index  (PSQI) is an 
instrument used to assess the quality and pattern of 
sleep. Sleep is characterized as “poor” or “good” by 
evaluating seven domains: Subjective sleep quality, 
sleep latency, sleep duration, habitual sleep efficiency, 
sleep disturbances, use of sleep medication, and 
daytime dysfunction over the last month. Scoring 
of the answers is based on a 0–3 scale, with a higher 
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score indicating worse quality of sleep in that 
particular domain. An overall score higher than 5 
indicates poor sleep quality.[17] The reliability of the 
PSQI  (Cronbach’s alpha: 0.76) was adequate in the 
study sample.

Patient Health Questionnaire 9
The Patient Health Questionnaire (PHQ‑9) scale is a tool 
used to screen for major depressive disorder. It consists 
of nine questions, each scored from 0 to 3 points. Patients 
who score  <4 points are unlikely to have depression. 
The lowest possible score is 0, and the highest is 27. 
Higher scores suggest more severe depression.[18] A 
total PHQ‑9 score  ≥5 represents depression; a score 
of 5–9 represents mild depression, a score of 10–14 
represents moderate depressions, a score of 15–19 
represents moderately severe depression, and a score 
of 20–27 represents severe depression. The reliability of 
the PHQ‑9 (Cronbach’s alpha: 0.89) was very good in 
this study sample.

Athens Insomnia Scale
The Athens Insomnia Scale  (AIS) is a validated 
questionnaire that assesses insomnia severity. This 
eight‑item questionnaire evaluates sleep onset, waking at 
night and early in the morning, sleep time, sleep quality, 
frequency and duration of complaints, distress caused by 
the experience of insomnia, and interference with daily 
functioning.[19] A total AIS score ≥6 represents insomnia. 
The reliability of the AIS (Cronbach’s alpha: 0.88) was 
very good in this study sample.

Ethical approval
The study was approved by the Institutional Review 
Board of King Abdulaziz University Hospital. The study 
objectives and procedures were explained to eligible 
patients who were then invited to voluntarily participate 
after providing verbal consent.

Statistical analysis
Data entry and analysis were conducted using the 
Statistical Software Package SPSS version 25.0 (IBM SPSS 
Statistics for Windows, Version 25.0. Armonk, NY, USA. 
IBM Corp.). Data are presented using the descriptive 
statistics in the form of frequencies, percentages, means, 
and standard deviations, as all data were categorized 
as type and quantitative data. Analytical statistics were 
performed using the Chi‑square tests  (χ2) to test for 
associations and/or differences between the categorical 
variables. We used the t‑test for comparisons between 
positive and negative COVID‑19 quantitative variables. 
Age was recorded as a continuous variable. It was 
also classified based on human developmental stages; 
young: 18–39 years, middle age: 40–64 years, and elderly: 
65–88  years for performing multivariate analysis of 
variance (MANOVA).

A multi‑factor MANOVA showing association of 
factors  (all categorical variables: Age, gender  (male/
female), current employment status  (yes/no), 
health worker  (yes/no), and positive for COVID‑19 
symptoms (yes/no), location of treatment, and presence 
of chronic conditions) and their second order interaction 
effects on the combined dependent variable  (PSQI 
score, PHQ‑9 score, and AIS score) was performed. 
COVID‑19 diagnosis (yes/no) was not included as an 
independent variable in the multifactor MANOVA 
because it was highly correlated to positive for COVID‑19 
symptoms  (yes/no)  (r  =  0.87, P  <  0.01). P < 0.05 was 
considered statistically significant.

Results

A total of 1091 participants were surveyed; 643 (58.9%) 
were COVID‑19 patients. The mean age of the patients 
in the COVID‑19 arm was 42.8  ±  15.2  years, with a 
male predominance of 61.1%. Approximately half were 
employed at the time of the study (53.3%), but only 18% 
worked in the health‑care sector. The majority (58.1%) 
reported worsened sleep during the COVID‑19 
pandemic. One‑third  (30.2%) had a history of chronic 
disease, and the majority (88.3%) had symptoms related 
to COVID‑19.

The mean age of participants in the control arm was 
37.3  ±  11.8  years, with a slight male predominance 
of 52%. Most of them were employed  (64.1%), and 
only 19.2% worked in the health‑care sector. The 
majority  (61.2%) reported worsened sleep during the 
COVID‑19 pandemic. No participants had a history of 
chronic disease [Table 1].

Poor sleep quality was reported in 66.1% of the patients 
in the COVID‑19 group  (mean score of 6.9 ± 4.0) and 
72.8% of participants in the control group (mean score 
7.6  ±  4.3). Insomnia affected 50.5% of the patients 
with COVID‑19  (mean score of 6.5  ±  5.5) and 58.5% 
of controls  (mean score of 7.6  ±  5.5). Depression was 
diagnosed in 39.5% of COVID‑19 patients (mean score of 
4.7 ± 4.6) and 70.1% of controls (mean score of 8.9 ± 6.7). 
Among the participants diagnosed with depression in 
both arms, most had mild depression [Table 2].

Multifactor multivariate analysis of variance 
showing association of factors and their second 
order interaction effects on the combined 
dependent variable  (Pittsburgh Sleep Quality 
Index score, Patient Health Questionnaire‑9 score, 
and Athens Insomnia Scale score)
There was a statistically significant independent effect 
of age on the combined dependent variable (PSQI score, 
PHQ‑9 score, and AIS score: Henceforth referred to 



Alshumrani, et al.: Sleep quality and mental health during COVID-19 pandemic

24	 Annals of Thoracic Medicine - Volume 17, Issue 1, January‑March 2022

as mental health), F  (6, 1940) = 2.339, P  =  .03; Wilks’ 
Λ = 0.986 [Table 3]. There was a statistically significant 
independent effect of place of treatment on the combined 
dependent variable (PSQI score, PHQ‑9 score, and AIS 
score), F (9, 2360.88) = 3.369, P ≤ 0.001; Wilks’ Λ = 0.963.

Tests of between‑subject’s effects showed that age 
was significantly associated with the AIS score 
(F  [2, 972] = 2.966; P < 0.05; partial η2 = 0.01). Tests 
of between‑subject’s effects showed that female 
gender was significantly associated with the AIS score 
(F [1, 972] = 5.125; P < 0.02; partial η2 = 0.01). Similarly, 
follow‑up univariate ANOVA revealed that place of 
treatment was significantly associated with the PHQ‑9 
score (F [3, 972] = 6.551; P < 0.001; partial η2 = 0.02). 
There was a statistically significant interaction effect 
between being a health worker and place of treatment 
with the PHQ‑9 score, F (3, 972) = 2.651, P < 0.05; partial 
η2 = 0.01.

Discussion

The COVID‑19 outbreak has caused a global 
socioeconomic crisis and profound psychological 
distress.[8] At time of this study, more than 120 million 
cases had been registered, and more than 2.6 million 
patients had succumbed to the disease.[20] During 
the pandemic, sleep and mental disorders, including 
insomnia, stress, anxiety and depression, increased in 
the population.[12] In this prospective, cross‑sectional 
study, the prevalence rates of poor sleep quality, 
insomnia, and depression were high among the study 
population  (68.8%, 53.8%, and 52.1%, respectively). 
Interestingly, poor sleep quality, insomnia, and 
depression were significantly higher in the control 
group than in the COVID‑19 group (72.8% vs. 66.1%, 
58.5% vs. 50.5% and 70.1% vs. 39.5%, respectively).

Sleep quality in the general population during the 
pandemic may be compromised due to anxiety 
about becoming ill, and anxiety may be worsened 
by social isolation and fear of financial loss.[21] Our 
study concurs with this expectation and revealed 

high prevalence rates of poor sleep quality among 
COVID‑19  patients  (66.1%) and participants in the 
control group  (72.8%). A  study conducted on 7236 
participants in China during the pandemic concluded 
that 18% of the general population experienced poor 
sleep quality.[22] In addition, patients with COVID‑19 
are expected to have reduced sleep quality due to 
symptoms associated with contracting the disease.[22] 
The reported poor sleep quality in our study was 
higher than that reported in China, which could be 
related to the time the study was conducted during 
the pandemic. Our study was conducted in the second 
half of 2020, while the Chinese study was carried 
out in early 2020 at the onset of the pandemic. Other 
reasons could be cultural differences in perceiving 
and coping with stress and measures adopted by 
governments to contain the pandemic. In another 
study in China, Zhao et  al. concluded that anxiety 
associated with the COVID‑19 pandemic deteriorated 

Table 1: Demographic data of the responders
COVID−, n (%) COVID+, n (%) t‑test or Chi‑square test

t or χ2 P
Age, range (mean±SD) 18‑71 (37.3±11.8) 18‑88 (42.8±15.2) t=−6.4 <0.001*
Gender

Male 233 (52) 393 (61.1) χ2=8.9 0.003*
Female 215 (48) 250 (38.9)

Current employment 287 (64.1) 343 (53.3) χ2=12.4 <0.001*
Health sector employment 86 (19.2) 116 (18.0) χ2=0.2 0.6
Chronic diseases ‑ 194 (30.2) ‑ ‑
Positive symptoms ‑ 568 (88.3) ‑ ‑
*P-value  < 0.05  is considered  significant. Chronic diseases included hypertension, diabetes, and congestive heart failure positive symptoms included fever, 
cough, headache, and shortness of breath. SD=Standard deviation

Table 2: Prevalence of poor sleep quality, 
depression and insomnia in confirmed coronavirus 
disease‑2019  patients and the control group

COVID−, 
n (%)

COVID+, 
n (%)

t‑test
t P

PSQI
Positive 326 (72.8) 425 (66.1) 2.8 0.005*
Mean±SD 7.6±4.3 6.9±4.0

AIS
Positive 262 (58.5) 325 (50.5) 3.4 0.001*
Mean±SD 7.6±5.5 6.5±5.5

PHQ‑9
Positive 314 (70.1) 254 (39.5) 12.4 <0.001*
Mild 147 (46.8) 163 (64.2)
Moderate 78 (24.8) 64 (25.2)
Moderately severe 49 (15.6) 23 (9.1)
Severe 40 (12.7) 4 (1.6)
Mean±SD 8.9±6.7 4.7±4.6

*P-value  < 0.05  is considered  significant.A global PSQI score ≥5 represents 
poor sleep quality, A total AIS score ≥6 represents insomnia, A total PHQ‑9 
≥5 represents depression; a score of 5‑9 represents mild depression, a 
score of 10‑14 represents moderate depression, a score of 15‑19 represents 
moderately severe depression, and a score of 20‑27 represents severe 
depression. PSQI=Pittsburgh Sleep Quality Index, PHQ‑9=Patient Health 
Questionnaire‑9, AIS=Athens Insomnia Scale, SD=Standard deviation
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sleep quality among the general population and 
health‑care workers.[23]

Although we found that the prevalence of insomnia was 
higher in the general population, it was generally high 
in both groups. In a cross‑sectional study conducted on 
2,427 participants in Greece during the pandemic, 37.6% 
of the general population surveyed reported insomnia, 
which was lower than that in our study (58.5%).[24] Taken 
together, these results indicate that the prevalence of 
insomnia seems to have increased considerably from 
prepandemic worldwide estimates that ranged from 3.9% 
to 22%;[25] this may be attributed to the persistent fear of 
contracting the virus, self‑isolation, and unemployment.

In addition, more control participants  (70.1%) than 
COVID‑19  patients  (39.5%)  (P  <  0.05) were found 
to have depression, and most had mild depression. 
Chronic stress could explain the higher prevalence of 
depression in the control group due to the upregulation 
of the sympathetic nervous system that occurs under 
conditions that induce chronic stress.[26] In a similar study 
conducted by Alamri et al. in Saudi Arabia during the 
pandemic, 1597 participants in the general population 
were surveyed using the Depression, Anxiety, and Stress 
Scale‑21. They concluded that 17.1% of respondents 
reported moderate‑to‑severe depressive symptoms, 
10% reported moderate‑to‑severe anxiety symptoms, 
and 12% reported moderate‑to‑severe stress levels.[27] 
Both our study and that published by Alamri et al.,[27] 
however, revealed a higher prevalence of depression 
than that published in the Saudi National Mental Health 
Survey  (SNMHS) covering the 12  months before the 
pandemic (3.8%).[28]

Furthermore, an international study across 18 countries 
found that during the peak of the pandemic, the 
prevalence of symptoms of depression was high. Among 
almost 10,000 participants surveyed in the multination 
study, 25% of the sample reported that they did not enjoy 
doing certain things anymore, 33% reported boredom 
and nearly 50% reported that their time was being 
wasted. Interestingly, not all participants were affected, 

as 40% felt their mental state had improved. The authors 
concluded that this could be due to the collective feeling 
that “everybody is in it together.”[29]

In our study, multi‑factor MANOVA showed a statistically 
significant independent effect of age, and place of 
treatment on the combined dependent variable  (PSQI 
score, PHQ‑9 score, and AIS score). Age and female gender 
were significantly associated with insomnia based on 
AIS score. In addition, there was a statistically significant 
interaction effect between being a health worker 
and location of treatment with combined dependent 
variable (PSQI score, PHQ‑9 score, and AIS score). Most 
patients in the COVID‑19 group were young and middle 
aged (mean age ± standard deviation [SD] 42.8 ± 15.2) 
with a male predominance  (61.2%). According to the 
SNMHS, young age along with female gender were the 
risk factors for developing anxiety and mood disorders.[28] 
This is similar to evidence from the United Kingdom 
Household Longitudinal Study, which concluded that the 
intersection of young age and female gender increased 
anxiety, depression, and sleep problems.[30]

A recently published meta‑analysis during the COVID‑19 
pandemic found that approximately 40% of the 
general and health‑care populations experienced sleep 
problems (insomnia, anxiety, stress, depression, and poor 
sleep quality). The present study found that patients with 
COVID‑19 appeared to be the most affected group, with 
a pooled rate of sleep disorders of 74.8% (95% confidence 
interval [CI], 28.7%–95.6%).[12] They also concluded that 
the prevalence of sleep problems among the general 
population, comprising a total of 54,231 participants from 
13 countries, was 32.3% (95% CI, 25.3%–40.2%), which is 
twice as high as the previously reported prevalence in the 
general population in China before the pandemic (15.0%, 
95% CI, 12.1%–18.5%).[12,31]

Interestingly, we found that the location where 
COVID‑19  patients received care was significantly 
correlated with poor sleep quality, depression and 
insomnia. This was illustrated by the significant positive 
relationship between the location of treatment and the 

Table 3: Multi‑factor multivariate analysis of variance showing association of factors and their second order 
interaction effects on the combined dependent variable
Effect Wilks’ Λ value F (exact statistics) df effect df error Significant Partial η2

Age 0.986 2.339 6.000 1940.000 0.030 0.007
Gender 0.993 2.381 3.000 970.000 0.068 0.007
Presence of chronic diseases 0.998 0.759 3.000 970.000 0.517 0.002
Current employment status 0.998 0.400 6.000 1940.000 0.880 0.001
Health worker 1.000 0.152 3.000 970.000 0.929 0.000
Place of treatment 0.963 4.121 9.000 2360.876 <0.001 0.013
Positive symptoms 0.996 1.419 3.000 970.000 0.236 0.004
Health worker × place of treatment 0.979 2.331 9.000 2360.876 0.013 0.007
Only factors and significant second order interaction effects of factors are shown. PSQI=Pittsburgh Sleep Quality Index, PHQ‑9=Patient Health Questionnaire‑9, 
AIS=Athens Insomnia Scale, df=Degree of freedom
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combined dependent variable. These findings could 
be related to pharmacotherapy and psychotherapy 
support available in hospitals, consistent wake/sleep 
schedules, and feeling less vulnerable having been cared 
for by medical personnel. The observed trend of poor 
mental health among patients isolating in hotels was 
pronounced because of increased poor sleep quality and 
insomnia symptoms. Although our results do not prove 
causation, they indicate that for better management 
of mental health, isolation in hotels may better be 
reconsidered by health‑care authorities.

The strength of this study is that it is one of the first to 
assess sleep quality and mental health among patients 
with COVID‑19 in the region and to our knowledge, 
the first to perform a head‑to‑head comparison between 
COVID‑19 patients and the general population during 
the lockdown period. It would be interesting to conduct 
similar studies in the era of vaccination and after the 
pandemic period to determine the effect of preventive 
programs on sleep and mental health.

The limitations of the current study include its 
cross‑sectional nature. Consequently, general inferences 
at a certain point in time can be made, although 
causation cannot be established. In addition, the data 
of health‑care workers did not differentiate the nature 
of employment  (frontline vs. nonfrontline health‑care 
workers), and as such, the study did not investigate 
the effect of occupation on sleep and mental health. 
Additional studies are needed to determine which 
professions are most vulnerable.

Conclusions

The study findings have important clinical implications, 
as they indicate that both the general population 
and COVID‑19  patients are affected and need 
psychosocial support. The general population had 
more depression and insomnia and poorer sleep quality 
than COVID‑19 patients. Patients who isolated in hotels 
had worse sleep health than those isolating at home or 
in hospitals, and hence, isolation in hotels should be 
reconsidered by health‑care authorities.

Further studies are required to identify the subpopulations 
most vulnerable to the effects of stress during the 
COVID‑19 pandemic, and awareness of available 
psychological services to improve coping during this 
difficult time should be increased.
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