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Sleep disorders and associated 
factors among medical students 
in the Middle East and North 
Africa: a systematic review 
and meta‑analysis
Sonia Chaabane 1*, Karima Chaabna 1, Salina Khawaja 1, Jasmine Aboughanem 1, 
Dhruv Mittal 2, Ravinder Mamtani 1 & Sohaila Cheema 1

Sleep disturbances like poor and insufficient sleep are common among medical students in the Middle 
East and North Africa (MENA) countries; however, the extent of medically defined sleep disorders 
(SDs) remains unclear. This meta-analysis determines SD prevalence and identifies associated factors 
among medical students in the MENA. PubMed, Web of Science, Google Scholar, and reference lists 
of included studies were searched (latest search: June 2022). Meta-analyses included 22 studies and 
were performed using random-effect models. Included studies used self-reported screening tools 
for assessing SDs and then estimated the proportion of participants at high risk of developing a SD. 
Central disorders of hypersomnolence were the most prevalent SD [prevalencepooled range: 30.9% 
(Jordan) to 62.5% (Saudi Arabia)], followed by insomnia disorders [prevalencepooled range: 30.4% 
(Jordan) to 59.1% (Morocco)], circadian rhythm sleep–wake disorders [prevalencepooled range: 13.5% 
(Jordan) to 22.4% (Saudi Arabia)], sleep-related breathing disorders [prevalencepooled range: 12.2% 
(Jordan) to 22.5% (Pakistan)], sleep-related movement disorders [prevalencepooled range: 5.9% (Egypt) 
to 30.6% (Saudi Arabia)], and parasomnias [prevalencepooled range: 5.6% (Jordan) to 17.4% (Saudi 
Arabia)]. Female sex, studying in the latter academic years, having anxiety, excessive internet use, 
and poor academic performance were significantly associated with SDs. SDs are prevalent among 
MENA medical students. Implementing student-centered interventions targeting high risk groups in 
medical schools should be considered to improve students’ health and wellbeing.

Medically defined sleep disorders (SDs) include insomnia disorders, sleep-related breathing disorders, central 
disorders of hypersomnolence, circadian rhythm sleep–wake disorders, sleep-related movement disorders, and 
parasomnias1–4. SDs increased in the last decade globally5,6 but remain under-diagnosed and under-treated7. 
SDs affect not only physical and mental functioning and work productivity but are also associated with various 
psychiatric6,8–10 and physical11–15 illnesses, workplace injuries7, and sudden death16. Consequently, SDs’ substan-
tially impact the society7.

Insufficient sleep affects up to one third of the global population17 and has been declared a ‘public health epi-
demic’18.Worldwide, medical students appear to be more affected by sleep disturbances (e.g. poor sleep quality, 
insufficient sleep duration, irregular sleep, and insomnia symptoms) than non-medical students6,9,19–22 or the 
general population9,19,23–25, owing to the large academic load and assigned clinical duties6,26. Hence, we expect a 
high SD prevalence in this population.

Several recently published systematic reviews (SRs) are focused on sleep disturbances rather than SDs among 
medical students16,20,22–24,27–31 and university students19,23,32–36 Also, the available SRs with data on insomnia were 
conducted among non-medical university students9,36–38 with a focus on one specific country37, and the COVID-
19 pandemic period36–38. Several primary studies on SDs in the Middle East and North Africa (MENA) medical 
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students have been recently published. Notably, the countries of the MENA region have the highest total number 
of medical schools in their respective continents (Asia and Africa)39.

To our knowledge, no SR and meta-analysis synthesizing the epidemiology of SDs in MENA medical students 
has been conducted. The aim of this SR and meta-analysis was to quantify SD prevalence and synthesize the 
factors associated with SDs among medical students in the MENA countries before and during the COVID-19 
pandemic.

Methods
The SR methodology was developed based on the Cochrane Handbook for Systematic Review of Interventions 
and followed the AMSTAR 2 checklist. The manuscript follows the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (Table S1), the PRISMA checklist for search strategy (Sup-
plementary Table S2)40,41 and Meta-analyses of Observational Studies in Epidemiology (MOOSE) guidelines42. 
The research protocol was developed a priori and registered prospectively on Open Science Framework (https://​
doi.​org/https://​doi.​org/​10.​17605/​OSF.​IO/​2WZJ4).

Literature search strategy
PubMed, Web of Science, and Google Scholar were searched by two independent reviewers for grey and non-grey 
literature. The database selection and search strategy were developed in consultation with a specialized librarian. 
The latest search was conducted on June 25, 2022. The search included a combination of controlled vocabulary 
terms and text words related to SDs and medical or university students. The search strategy is described in Sup-
plementary Box S1. Two independent reviewers also manually searched the reference lists of included primary 
studies and relevant reviews, as well as the internal literature database we developed, titled ‘Mental Health in 
University Students’.

Eligibility criteria
Primary outcomes
The primary outcome of interest was the prevalence of any SD. We included any SD listed in the International 
Classification of Sleep Disorders, third edition (ICSD-3): the most widely used classification system and a key 
reference for the diagnosis of SDs using ‘International Classification of Diseases, Ninth and Tenth Revision, Clini-
cal Modification1–4.’ SDs reported in the primary studies were categorized, as per the ICSD-3 recommendations, 
into seven categories that include: (1) insomnia disorders, (2) sleep-related breathing disorders, (3) central disor-
ders of hypersomnolence, (4) circadian rhythm sleep–wake disorders (CRD), (5) parasomnias, (6) sleep-related 
movement disorders, and (7) other SDs (not fitting in the previous categories). Specific SDs included in each 
category as per ICSD-3 are presented in Table S3. SDs identified by clinical diagnosis, or any self-reported tools 
were included in our SR. Severity levels of SDs were included and categorized into mild, moderate, and severe as 
per the study and/or instrument definition. Cases of risk of SD were defined as those have abnormal scores (any 
level) according to the scoring system (cut-offs) recommended by the tool. If not reported, the prevalence of an 
SD was calculated based on crude data reported in the study. Studies with insufficient information to compute 
prevalence data of SDs, or those reporting only symptoms related to SDs, were excluded.

Secondary outcome
The secondary outcome of interest was the factors associated to a higher risk of SD. We synthesized any effect 
measure used to quantify a relationship between the factor and SDs reported in the included studies. Reported 
effect sizes included risk and mean differences, correlations, attributable proportion, risk ratios, relative risks, 
and odds ratios.

Population of interest
A study was eligible for inclusion if it included pre-medical or medical students enrolled in a medical school 
among the 20 MENA countries: Algeria, Bahrain, Djibouti, Egypt, Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco, 
Oman, Pakistan, Palestine, Qatar, Saudi Arabia, Sudan, Syria, Tunisia, the United Arab Emirates, and Yemen. The 
list of MENA countries in this study was based on that developed in a series of published SRs and meta-analyses 
characterizing the population health MENA43–51. Pre-medical and medical students mixed with other university 
students were included only if data specific to the population of interest was available. We excluded studies on 
medical science students (nursing, pharmacy, dentistry) unless specified as medical students studying for their 
Medical Degree (MD or MBBS).

Study design
Any observational study (e.g., cross-sectional study, case–control, or cohort) was included in the SR. Reviews, 
case reports, letters to editors, commentaries, and clinical trials were excluded.

Multi‑stage screening
The Rayyan software (Rayyan Systems, Inc, Cambridge, MA, USA, https://​www.​rayyan.​ai/) was used for dupli-
cate removal and multi-stage screening. Two independent reviewers conducted the title and abstract screening, 
full-text screening, and data extraction. Discrepancies were resolved with a third reviewer to achieve consensus 
on study inclusion and data extraction.

For inclusion in the systematic review (SR), a study should correspond to the PICOTS framework criteria52—
population, outcome, study design, time of the study, and setting (control and intervention criteria were not 
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applicable since they were not relevant to the SR question). We included studies reported in English, Arabic, 
French, Spanish and/or Urdu—languages spoken by the authors of this SR.

Data extraction
Data was extracted from the included primary studies for the following variables: (1) study characteristics (e.g. 
study design, sampling method, data collection period, sample size, (2) setting (3) medical student characteristics 
including age, sex, year of study, and socio-economic status, (4) prevalence of SDs, including the instrument 
used to diagnose an SD and its related characteristics, (6) factors for which a difference and/or an association 
with the risk of having an SD was assessed.

Quality assessment
The risk of bias (RoB) and methodological quality of included studies were appraised independently by two 
reviewers using a validated RoB tool for prevalence studies53. Briefly, the RoB tool uses an items scale to assess: 
(1) the external validity of the study, based on selection and nonresponse biases, and (2) the internal validity of 
the study, based on measurement bias and bias related to the analysis. No summary quality score was computed 
as per COSMOS-E guidance, which provides guidance on conducting SRs of observational studies of aetiology54. 
Each included study was assigned a low or high ROB for each assessment item. A synthesis of studies’ quality 
was based on a summary of low and high risk of bias assessment of each quality domain.

Reporting bias due to missing data was discussed. Discussion on the validity and reliability of our estimates 
was also performed to assess the confidence in the body of evidence presented in the SR. The certainty assess-
ment method was based on the Grading of Recommendations, The Assessment, Development, and Evaluation 
(GRADE) approach. The GRADE approach used in our study considers the RoB and reporting biases in a body 
of evidence, precision of the meta-analysis effect estimates, the consistency of the primary study results, and how 
directly the body of evidence answers the research question55.

Synthesis
A meta-analysis of the prevalence of SD categories (proportion of participants at a high risk of any ICDS cat-
egory of SD) (Supplementary Table S3) was conducted using the DerSimonian-Laird random-effects model56. 
Random effects model with the logit transformation of the proportion was used to conduct the meta-analyses 
pooling prevalence measures and their 95% confidence intervals (95% CI). The Freeman-Tukey double arcsine 
transformation was used in the analyses involving the pooling of proportions, using the command sm = “PFT” 
in R57. Clopper-Pearson confidence intervals were computed for individual prevalence measures. The minimum 
study sample size required for a study to be included in the meta-analysis was 2558.

Subgroup meta-analyses were conducted by sex (males and females), academic training period (preclinical, 
clinical, and late clinical), and MENA country. For each category of SDs, prevalence data were pooled by SD 
severity level (mild, moderate, and severe). Prevalence data on mixed disorder levels, mixed sex, and/or mixed 
training periods were pooled in a separate group. If not reported, the prevalence of an SD was calculated based 
on crude data reported in the study. Sensitivity analyses were conducted to assess the impact of SD prevalence 
during the COVID-19 pandemic lockdown on the pooled estimates when applicable. Factors associated with 
SDs among MENA medical students (secondary outcome) were synthesized as reported in the included studies.

SD prevalence measures stratified by sex, disorder severity level, SDs category, and academic period were 
prioritized for inclusion in the meta-analysis rather than the overall measures on the entire study population 
or any SD. Prevalence measures reported for each academic year were combined and classified into preclinical, 
clinical, and late clinical training periods, according to the medical school curriculum followed by the country. 
Multiple SDs under the same ICDS category reporting on the same study population were merged prior to the 
inclusion in the meta-analysis to ensure independency of observations.

The heterogeneity between studies was assessed using the I2 statistic59 and Cochran’s Q between-subgroups 
statistic60. Heterogeneity between studies was considered as substantial when I2 > 50%61. The Cochran’s Q 
between-subgroups statistic was used to test for differences between prevalence estimates across subgroups60, 
and statistical significance was considered at p value ≤ 0.05. Univariate random-effects meta-regression was used 
to estimate odds ratios (ORs) and corresponding 95% confidence interval (CI)s measuring the magnitude of 
relative changes in the pooled SDs prevalence according to study-level factors62.

To further explore heterogeneity between studies, univariate random-effects meta-regression was conducted 
to evaluate potential associations between SD prevalence and measurable study-level factors, including sampling 
method, sample size, instrument, and study response rate. Meta regression was used to estimate odds ratios (OR) 
and corresponding 95% CIs to measure the magnitude of relative changes in the pooled SD prevalence according 
to the study-level factors62.

For the meta regression analyses, all SDs were considered grouped to increase the statistical power.
Both meta-analyses and meta-regressions analyses were conducted using RStudio software (version 2022.07.1 

Build 554).
Methodological quality of the included studies was appraised using the risk of bias (RoB) tool for prevalence 

studies53. Reporting bias due to missing data was also discussed. Discussion on the validity and reliability of our 
estimates was also performed to assess the confidence in the body of evidence presented in the SR.

Publication bias was assessed using the Doi plot, a method that allows better visual representation of asym-
metry as compared to the conventional funnel plot63,64. In the Doi plot, the effect estimate (X-axis) is plotted 
against the percentiles converted to a normal quantile (Z-score) for each study (Y-axis). The prevalence of SDs 
was transformed to the log odds scale for better statistical properties for the meta-analysis64. We also estimated 
LFK index to detect and quantify symmetry of study effects in the Doi plot. A LFK index of zero indicates a 
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complete symmetry. The closer the value of the LFK index to zero, the more symmetrical the Doi plot would be. 
LFK index, values beyond − 1 and + 1were deemed consistent with asymmetry and potential publication bias63. 
Alternatively, for pooled SDs prevalence with identified publication bias, the 95% prediction interval was used 
to describe the distribution of true outcome measures around the pooled prevalence65,66

Results
A total of 2046 records were identified through the literature search conducted in PubMed and Web of Science, 
and 1349 records were identified through Google Scholar, citation hand searching of relevant studies, and other 
research databases. Twenty-two primary studies were included in the SR and the meta-analysis (Fig. 1). The 
characteristics of the included studies are described in Table 1. Studies excluded at the full-text screening stage 
are listed in Supplementary Box S2.

Characteristics of the included studies
Out of the included studies, 21 were cross-sectional (95%, 21/22) and one study used a longitudinal design. They 
were conducted in Egypt, Jordan, Morocco, Pakistan, and Saudi Arabia, between 2013 and 2019, and published 
between 2015 and 2021. The MENA medical students’ mean age ± standard deviation ranged between 20.5 ± 1.67 
and 23.1 ± 3.8 years. The total population size varied between 122 and 1,041 medical students (Table 1).

Pooled estimates of sleep disorders
Insomnia disorders
A total of 54 prevalence measures classified under insomnia disorders, including sleep state misperception (para-
doxical insomnia), were retrieved from 18 studies conducted in Jordan, Morocco, Pakistan, and Saudi Arabia 
(Table 1). Following data merging and classification, 30 prevalence measures on any type of insomnia disorder 
were included in the meta-analysis. Most of the included data (24/30 prevalence measures) were computed from 
any severity level of insomnia.

The pooled prevalence of insomnia disorders ranged between 30.4% in Jordan and 59.1% in Morocco. A 
total of three studies67–69 were conducted during the COVID-19 pandemic lockdown in Saudi Arabia67,68 and 
Morocco69. In Saudi Arabia, pooled prevalence computed with and without data during the COVID-19 pandemic 
lockdown were similar, at 45.9%; 95% CI: 30.2–62.1 and 50.0%; 95% CI: 29.4–70.6 respectively. The pooled preva-
lence of insomnia disorders, in Saudi Arabia and Pakistan, following the exclusion of the study not reporting the 
used tool was 42.1% 95% CI: 27.1–57.9 and 36% 95% CI: 23.1–50.0, respectively. All prevalence data identified 
for Morocco was measured during the COVID-19 pandemic lockdown.

No statistically significant difference in the prevalence of insomnia disorders was identified between MENA 
countries. In these countries, mild-level of insomnia was reported by 38.4% of medical students, followed by 
moderate- (22.2%) and severe-levels of insomnia (11.6%) (Table 2). Insomnia disorders were significantly 
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Figure 1.   PRISMA flow chart 2020. From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, 
Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 
2021;372:n71. https://​doi.​org/​10.​1136/​bmj.​n71. http://​www.​prisma-​state​ment.​org/.
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Country
First author, 
year—reference Study design Sampling method

Data collection 
time

Population 
characteristics

Sleep disorder 
instrument

Prevalence 
description

Prevalence (%) 
of students with 
sleep disorder/
issue

Insomnia disorders

 Insomnia

  Pakistan Pervez120 CS NR January–April 
2019

M: 80 (53.3%), F: 
70 (46.7%), Mean 
age (SD): 23.14 
(3.8)

AIS

Any disorder 
level/any academic 
period

36.6

M 31.5

F 42.8

  Pakistan Zainab70 CS Non-probability September 2016–
December 2017

Liaquat National 
Medical College, 
University years: 
1–5, M: 111 
(30.8%), F: 249 
(69%), Mean age 
(SD): 21.98 (1.7)

ISI
Any disorder 
level/any academic 
period

17

  Pakistan Khan121 CS Non-probability June–August 2018

University of 
Lahore, University 
years: 1–5, M: 106 
(48.2%), F: 114 
(51.8%)

ISI

Any disorder 
level/any academic 
period

51.8

F 75

  Pakistan Khurshid122 Longitudinal NR 2019
Local College of 
Lahore, Sample 
size: 309

Self-developed 
questionnaire

Any disorder 
level/any academic 
period

9.7

  Pakistan Ali123 CS Non-probability March–April 2019 M: 350 (70%), F: 
150 (30%) NR

Any disorder 
level/any academic 
period

75.2

  Pakistan Shakeel124 CS Probability February–May 
2018

University years: 
3–6, M: 75 
(55.55%), F: 60 
(44.44%), Mean 
age (SD): 21 (6.9)

AIS

Any disorder 
level/clinical train-
ing period

59.25

M 41.81

F 58.18

  Pakistan Ram125 CS Non-probability NR

University years: 
1–5, M: 35 
(10.8%), F: 290 
(89.2%), Mean age 
(SD): 20.55 (1.67)

AIS

Any disorder 
level/any academic 
period

33.5

M 40

F 32.8

  Saudi Arabia Mohamed75 CS Probability NR

Medical students 
at Majmaah Uni-
versity, University 
years: 1–5, M: 
145 (76.3%), F: 45 
(23.7%)

NR

Any disorder 
level/any academic 
period

70

Mild 48.9

Moderate 17

Severe 17

  Saudi Arabia Alfadeel126 CS Non-probability 2015–2016

College of Medi-
cine at Almaarefa 
colleges for science 
and technology 
(MCST), Univer-
sity years: 1–3, F: 
150 (100%)

AIS

Pre-clinical 74

Clinical 72.8

Late clinical 76.6

  Saudi Arabia Alrashed68 CS Non-probability During COVID-19

Medical students 
at King Saud 
University (KSU), 
University years: 
3–5 M: 256 
(55.3%), F: 207 
(44.7%)

ISI

Any disorder 
level/any academic 
period

35

M 43

F 57

Year 3 36

Year 4 36.51

Year 4–5 28.92

Year 5 16.7

Intern 20.9

  Saudi Arabia Mansour127 CS Non-probability October 
2013–2014

College of 
Medicine, Taibah 
University, M: 38 
(31.1), F: 84 (68.9), 
Mean age (SD): 
20.5

Self-developed 
questionnaire

Any disorder 
level/any academic 
period

23.7

M 10.5

F 29.7

Continued
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Country
First author, 
year—reference Study design Sampling method

Data collection 
time

Population 
characteristics

Sleep disorder 
instrument

Prevalence 
description

Prevalence (%) 
of students with 
sleep disorder/
issue

  Saudi Arabia Alzahrani128 CS Probability

Total duration 
including data 
collection took 
around 6 months 
for completion of 
the study

Majmaah Univer-
sity, M: 98 (75.4), 
F: 32 (24.6), Uni-
versity years: 2–5

Self-developed 
questionnaire

Any disorder 
level/any academic 
period

37.7

M 38.7

F 34.3

  Saudi Arabia Goweda129 CS Probability

During the 
ongoing global 
COVID-19 crisis 
and lockdown, 
February 10–1 
April 2020

Umm Al-Qura 
University Faculty 
of Medicine, 
Bachelor of Medi-
cine, Bachelor of 
Surgery (MBBS), 
University years: 
2–6, M: 217 
(49.5%), F: 221 
(50.5%)

SLEEP-50
Any disorder 
level/any academic 
period

31.5

  Saudi Arabia Alshaaer73 NR Non-probability 
sampling NR

Alfaisal University 
College of Medi-
cine University 
years: 2–3, Sample 
size: 129

AIS
Any disorder 
level/any academic 
period

62.1

  Jordan Alqudah130 CS Non-probability NR
University years: 
1- 6, M/F, Sample 
size: 299

ISI
Any disorder 
level/any academic 
period

70.2

  Jordan Yassin71 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology/Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

18.3

M 17.8

F 18.8

  Jordan Al-mistarehi72 NR NR NR

Jordan University 
of Science and 
Technology in 
Irbid, M: 410 
(48.5%), F: 436 
(51.5%), Mean age 
(SD): 22.4 (2.1)

SLEEP-50
Any disorder 
level/academic 
period NR

18.7

  Morocco Essangri69 CS Probability April 8–18, 2020, 
During COVID

All medical 
universities in 
Morocco, Univer-
sity years: 1–8, M: 
143 (26%), F: 406 
(74%)

ISI

Mild 28.8

Moderate 26.8

Severe 7.1

M 50.3

F 67

Pre-clinical 67.6

Clinical 65.5

Late clinical 49.1

Sleep state misperception (paradoxical insomnia)

 Jordan Yassin71 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology/Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

0.57

M 0.6

F 0.5

Sleep-related movement disorders

 Restless leg syndrome/periodic limb movement disorder

  Saudi Arabia Goweda129 CS Probability

During the 
ongoing global 
COVID-19 crisis 
and lockdown, 
February 10–1 
April 2020

Umm Al-Qura 
University Faculty 
of Medicine, 
Bachelor of Medi-
cine, Bachelor of 
Surgery (MBBS), 
University years: 
2–6, M: 217 
(49.5%), F: 221 
(50.5%)

SLEEP-50
Any disorder 
level/any academic 
period

22.4

  Saudi Arabia Burhan76 CS NR February–May 
2017

King Abdulaziz 
University, Sample 
size: 618, M/F

SLEEP-50
Any disorder 
level/academic 
period NR

39.29

Continued
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Country
First author, 
year—reference Study design Sampling method

Data collection 
time

Population 
characteristics

Sleep disorder 
instrument

Prevalence 
description

Prevalence (%) 
of students with 
sleep disorder/
issue

  Pakistan Ishaq131 CS Non-probability 
sampling

June 2017–July 
2018

Jinnah Medical 
and Dental 
Medical College 
(JMDC) DIMC), 
Liaquat College 
of Medicine 
and Dentistry 
(LCMD), and 
Al-Tibri Medical 
College (ATMC)), 
Karachi, M: 80 
(26.6%), F: 220 
(73.3%), Mean age: 
21.3 (1.68)

RLS rating scale

Any disorder 
level/academic 
period NR

7

M 9

F 6

Mild 3

Moderate 4

  Jordan Al-Mistarehi72 NR NR NR

Jordan University 
of Science and 
Technology in 
Irbid: M: 410 
(48.5%), F: 436 
(51.5%), Mean age 
(SD): 22.4 (2.1)

SLEEP-50
Any disorder 
level/academic 
period NR

14.2

  Jordan Yassin71 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology or Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

10.3

M 7.3

F 13.1

  Egypt Shalash132 CS Non-probability January–Novem-
ber 2013

Faculty of Medi-
cine, Ain Shams 
University Cairo, 
M: 172 (44.2%), F: 
217 (55.8%)

RLS rating scale

Moderate disorder 
level/any academic 
period NR

5.9

M 7.5

F 4.6

Sleep-related breathing disorders

 Obstructive sleep apnea

  Saudi Arabia Goweda0129 CS Probability

During the 
ongoing global 
COVID-19 crisis 
and lockdown, 
February 10–1 
April 2020

Umm Al-Qura 
University Faculty 
of Medicine, 
Bachelor of Medi-
cine, Bachelor of 
Surgery (MBBS), 
University years: 
2–6, M: 217 
(49.5%), F: 221 
(50.5%)

SLEEP-50
Any disorder 
level/any academic 
period

16.4

  Saudi Arabia Burhan76 CS NR February–May 
2017

King Abdulaziz, 
University, Sample 
size: 618

SLEEP-50
Any disorder 
level/academic 
period NR

26.81

  Jordan Yassin71 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology/Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

12.1

M 15.4

F 9.1

  Jordan Al-Mistarehi72 NR NR NR

Jordan University 
of Science and 
Technology in 
Irbid, M: 410 
(48.5%), F: 436 
(51.5%), Mean age 
(SD): 22.4 (2.1)

SLEEP-50
Any disorder 
level/academic 
period NR

12

  Pakistan Zainab70 CS Non-probability September 2016–
December 2017

Liaquat National 
Medical College, 
University years: 
1–5, M: 111 
(30.8%), F: 249 
(69%), Mean age 
(SD): 21.98 (1.7)

BQ
Any disorder 
level/any academic 
period

20.6

Central disorders of hypersomnolence

 Hypersomnia

  Jordan Yassin71 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology/Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

23

M 22.1

F 23.9

Continued
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Country
First author, 
year—reference Study design Sampling method

Data collection 
time

Population 
characteristics

Sleep disorder 
instrument

Prevalence 
description

Prevalence (%) 
of students with 
sleep disorder/
issue

 Narcolepsy

  Saudi Arabia Burhan, 201976 CS NR February–May 
2017

King Abdulaziz 
University, Sample 
size: 618, M/F

SLEEP-50
Any disorder 
level/academic 
period NR

72.64

  Saudi Arabia Goweda129 CS Probability

During the 
ongoing global 
COVID-19 crisis 
and lockdown, 
February 10–1 
April 2020

Umm Al-Qura 
University Faculty 
of Medicine, 
Bachelor of Medi-
cine, Bachelor of 
Surgery (MBBS), 
University years: 
2–6, M: 217 
(49.5%), F: 221 
(50.5%)

SLEEP-50
Any disorder 
level/any academic 
period

51.6

  Jordan Yassin71 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology/Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

7.8

M 8.7

F 7.1

Circadian rhythm sleep–wake disorders

 Circadian rhythm disorder

  Saudi Arabia Goweda129 CS Probability

During the 
ongoing global 
COVID-19 crisis 
and lockdown, 
February 10–1 
April 2020

Umm Al-Qura 
University Faculty 
of Medicine, 
Bachelor of Medi-
cine, Bachelor of 
Surgery (MBBS), 
University years: 
2–6, M: 217 
(49.5%), F: 221 
(50.5%)

SLEEP-50
Any disorder 
level/any academic 
period

22.4

  Jordan Al-mistarehi72 NR NR NR

Jordan University 
of Science and 
Technology in 
Irbid, M: 410 
(48.5%), F: 436 
(51.5%), Mean age 
(SD): 22.4 (2.1)

SLEEP-50
Any disorder 
level/academic 
period NR

13.9

  Jordan Yassin, 202071 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology/Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

13.2

M 14.8

F 11.9

Parasomnias

 Nightmares

  Saudi Arabia Goweda129 CS Probability 
sampling

During the 
ongoing global 
COVID-19 crisis 
and lockdown, 
February 10–1 
April 2020

Umm Al-Qura 
University Faculty 
of Medicine, 
Bachelor of Medi-
cine, Bachelor of 
Surgery (MBBS), 
University years: 
2–6, M: 217 
(49.5%), F: 221 
(50.5%)

SLEEP-50
Any disorder 
level/any academic 
period

13.7

  Jordan Yassin71 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology/Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

4.6

M 3

F 6

 Sleep walking

  Saudi Arabia Goweda129 CS Probability

During the 
ongoing global 
COVID-19 crisis 
and lockdown, 
February 10–1 
April 2020

Umm Al-Qura 
University Faculty 
of Medicine, Bach-
elor of Medicine, 
University years: 
2–6, Bachelor of 
Surgery (MBBS), 
M: 217 (49.5%), F: 
221 (50.5%)

SLEEP-50
Any disorder 
level/any academic 
period

3.7

Continued
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more prevalent among female medical students than among male students (49.9% vs. 26.1%; p value = 0.0027). 
Although the highest pooled prevalence of insomnia disorders was observed during the late clinical training 
period (year 7 or more), no statistically significant difference was found between the academic training periods.

Reported factors significantly associated with an increased odds of having insomnia disorders were being 
a female student69, clinical or late clinical years69, and use of internet for more than 12 h daily70 (Table 3). The 
reported findings also highlighted the significant negative impact of insomnia70–73 and sleep state misperception 
disorder71 (known also as paradoxical insomnia74) on academic performance. Reported data suggests that the 
impact of anxiety on the risk of insomnia depends on the anxiety severity level70,75.

Sleep‑related breathing disorders
A total of 7 prevalence measures classified under sleep-related breathing disorders, including obstructive sleep 
apnoea (OSA) disorders, were retrieved from 5 studies conducted in Jordan, Pakistan, and Saudi Arabia (Table 1). 
Following data merging and classification, 6 prevalence measures on any type of sleep-related breathing disorders 
were included in the meta-analysis.

The pooled prevalence of sleep-related breathing disorders ranged between 12.2% in Jordan and 22.5% in 
Pakistan (Table 2). Significant differences in the pooled prevalence of these disorders were identified between 
Jordan, Pakistan, and Saudi Arabia. Only one study67 from Saudi Arabia reported a prevalence of Obstructive 
Sleep Apnea (OSA) during the COVID-19 pandemic lockdown. Statistically significant difference in the pooled 
prevalence of sleep-related breathing disorders was also found between sexes (p value = 0.002); however, this 
observation was based on a limited number of data points. Reported factors significantly associated with an 
increased odds of having OSA were being a male student70,71, increased age70, progression through the academic 
years76, use of the internet for more than 4–8 h daily70, and mild and extremely severe anxiety70 (Table 3). Moder-
ate stress was significantly associated with lower odds of having OSA when compared with no stress70.

Central disorders of hypersomnolence
A total of 8 prevalence measures classified under central disorders of hypersomnolence were retrieved from 
3 studies, including hypersomnia and narcolepsy disorders, conducted in Jordan and Saudi Arabia (Table 1).

The pooled prevalence of central disorders of hypersomnolence ranged between 30.9% in Jordan and 62.5% 
in Saudi Arabia (Table 2). Significant differences in the prevalence of central disorders of hypersomnolence were 
found between these two countries. Only one study reported prevalence data of central disorders of hypersom-
nolence by sex71, and another one67 during the COVID-19 pandemic lockdown in Saudi Arabia. Reported risk 
of having narcolepsy was significantly associated with an increased odd of having poor academic performance71 
(p value = 0.045) (Table 3). No significant differences were reported for the prevalence of narcolepsy and hyper-
somnia between males and females71.

Country
First author, 
year—reference Study design Sampling method

Data collection 
time

Population 
characteristics

Sleep disorder 
instrument

Prevalence 
description

Prevalence (%) 
of students with 
sleep disorder/
issue

  Jordan Yassin71 CS Probability Academic year 
2018–2019

Jordan University 
of Science and 
Technology/Yar-
mouk University, 
M: 493 (47.4%), F: 
548 (52.6%)

SLEEP-50

Any disorder 
level/any academic 
period

1

M 1.6

F 0.5

 Any sleep disorders

  Saudi Arabia Almansour133 CS Probability NR

College of 
Medicine at King 
Saud University in 
Riyadh, University 
years: 1–5, M: 
215 (50%), F: 215 
(50%)

Self-developed 
questionnaire

Any disorder 
level/any academic 
period

9.5*

Table 1.   Characteristics of the included studies on the prevalence of sleep disorders among medical students 
in MENA. *Calculated based on crude data. M male, F female, SD Standard deviation, CS cross-sectional study, 
RLS rating scale restless leg syndrome rating scale, REM rapid eye movement, NREM non-rapid eye movement, 
ISI insomnia severity index, AIS athens insomnia scale, BQ berlin questionnaire, NR not reported. Considered 
cut-offs for seep disorders RLS rating scale: Mild (1–10 points), Moderate (11–20 points); Severe (21–30 points); 
Very severe (31–40 points); Qualified individuals (meeting the International Restless Legs Syndrome Study 
Group (IRLSSG) criteria for the diagnosis of Restless Legs Syndrome (RLS)) to take this scale should have 
shown symptoms). ISI: Subthreshold insomnia (8–14 points); Clinical insomnia (moderate severity) (15–21 
points); Clinical insomnia (severe) (22–28 points). AIS: Mild insomnia (6–9 points); Moderate insomnia 
(10–15), Severe insomnia (16–24). BQ: High risk for Obstructive Sleep Apnea (OSA) if two or more sections 
out of the three sections have positive scores.
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Number of prevalence 
measures Total sample size Prevalence range (%)

Effect size Subgroup 
Comparison (Q 
between subgroup 
tests p value)

Heterogeneity 
between studies I2 (%)

Weighted average 
prevalence (%) 95% CI

Insomnia disorders

 Countries

  Jordan 4 2186 18.5–70.2 30.4 9.8–56.5

0.222

99.0

  Morocco 2 549 67.0–50.3 59.1 42.5–74.7 91.8

  Saudi Arabia 12 1772 9.2–83.7 45.9 30.2–62.1 97.4

  Pakistan 10 1913 9.7–75.2 40.2 26.1–55.2 98.5

 Sex

  M 8 1218 9.2–50.3 26.1 16.7–36.6
0.003

 < 0.001

91.5

  F 12 2111 19.3–74.0 49.9 38.5–61.3 97.2

  M/F not separated 7 2731 18.7–83.7 51.3 29.9–72.5
NA

99.3

  N/R 1 309 9.7 9.7 6.6–13.6 N/A

 Training period

  Preclinical 4 680 25.5–74.0 57.3 35.2–77.9

0.467

 < 0.001

97.6

  Clinical 5 688 30.7–72.8 52.0 35.8–67.9 94.3

  Late clinical 3 208 49.2–79.1 68.1 48.1–85.3 89.0

  Mixed training 
periods 12 3417 9.2–75.2 41.8 26.3–58.1

NA
98.9

  NR 6 1427 9.7–42.9 22.6 13.1–33.7 90.9

 Disorder severity level*

  Mild 2 739 28.8–48.9 38.4 20.0–58.7

0.050
0.003

98.6

  Moderate 2 739 17.4–26.8 22.2 13.8–32.0 95.9

  Severe 2 739 7.1–17.4 11.6 3.5–23.4 86.0

  Level not specified 24 5531 9.2–76.6 37.9 28.7–47.6 NA 93.2

Sleep-related breathing disorders

 Countries

  Jordan 3 1887 9.1–15.4 12.2 8.9–15.9

0.001

79.4

  Saudi Arabia 2 1056 16.4–26.9 21.5 12.2–32.5 93.9

  Pakistan 1 329 22.5 22.5 18.1–27.4 N/A

 Sex

  M 1 493 15.4 15.4 12.3–18.9
0.002

< 0.001

N/A

  F 1 548 9.1 9.1 6.8–11.9 N/A

  M/F not separated 4 3272 12.4–26.9 19.2 13.2–26.0 NA 94.4

 Training period

  Mixed training 
periods 4 1808 9.1–22.5 15.5 10.4–21.3

0.636
90.3

  NR 2 1464 12.4–26.9 19.1 7.1–35.0 97.9

 Disorder severity level*

  Level not specified 6 3272 9.1–26.9 16.7 11.8–22.2 NA 94.2

Central disorders of hypersomnolence

 Countries

  Jordan 2 1041 30.8–31.0 30.9 28.2–33.8
0.004

0.0

  Saudi Arabia 2 1056 51.6–72.7 62.5 41.2–81.5 98.0

 Sex

  M 1 493 30.8 30.8 26.8–35.1

0.015

NA

  F 1 548 31.0 31.0 27.2–35.1 NA

  M/F not separated 2 1056 51.6–72.7 62.5 41.2–81.5 98.0

 Training period

  Mixed training 
periods 3 1479 30.8–51.6 37.6 24.9–51.3

 < 0.001
96.4

  NR 1 618 72.7 72.7 69.0–76.1 NA

 Disorder severity level*

  Level not specified 3 2097 30.8–72.7 46.5 27.2–66.4 NA 99.0

Circadian rhythm sleep–wake disorders

 Countries

Continued
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Number of prevalence 
measures Total sample size Prevalence range (%)

Effect size Subgroup 
Comparison (Q 
between subgroup 
tests p value)

Heterogeneity 
between studies I2 (%)

Weighted average 
prevalence (%) 95% CI

  Jordan 3 1887 11.9–14.8 13.5 12.0–15.1
 < 0.001

6.7

  Saudi Arabia 1 438 22.4 22.4 18.6–26.6 NA

 Sex

  M 1 493 14.8 14.8 11.8–18.3

0.202

NA

  F 1 548 11.9 11.9 9.3–14.9 NA

  M/F not separated 2 1284 13.9–22.4 17.9 10.4–26.8 92.9

 Training period

  Mixed training 
periods 3 1479 11.9–22.4 16.1 10.6–22.5

0.502
89.9

  NR 1 846 13.9 13.9 11.7–16.5 NA

 Disorder severity level*

  Level not specified 4 2325 11.9–22.4 15.5 11.5–20.0 0.000 85.9

Parasomnias

 Countries

  Jordan 2 1041 4.7–6.6 5.6 3.9–7.6
 < 0.001

42.5

  Saudi Arabia 1 438 17.4 17.4 13.9–21.2 NA

 Sex

  M 1 493 4.7 4.7 3.0–6.9

 < 0.001

NA

  F 1 548 6.6 6.6 4.6–9.0 NA

  M/F not separated 1 438 17.4 17.4 13.9–21.2 NA

 Training period

  Mixed training 
periods 3 1479 4.7–17.4 8.8 3.0–17.3 NA 95.6

 Disorder severity level*

  Level not specified 3 1479 4.7–17.4 8.8 3.0–17.3 NA 95.6

Sleep-related movement disorders

 Countries

  Jordan 3 1887 7.3–14.2 11.4 7.4–16.1

0.002

87.9

  Saudi Arabia 2 1056 22.4–39.3 30.6 15.5–48.2 97.1

  Pakistan 2 300 6.4–8.8 6.9 4.2–10.1 0.0

  Egypt 2 389 4.6–7.6 5.9 3.3–9.1 32.1

 Sex

  M 3 745 7.3–8.8 7.4 5.6–9.4
0.897

0.024

0.0

  F 3 985 4.6–13.1 7.9 3.6–13.5 88.6

  M/F not separated 3 1902 14.2–39.3 24.6 11.8–40.1 NA 98.4

 Training period

  Mixed training 
periods 3 1479 7.3–22.4 13.7 6.4–23.2 0.818 95.5

  NR 6 2153 4.6–39.3 12.1 4.6–22.4 97.9

 Disorder severity level*

  Mild 1 300 3.0 3.0 1.4–5.6

0.002

NA

  Moderate 3 689 4.0–7.6 5.1 3.3–7.2 27.3

  Level not specified 5 2943 7.3–39.3 18.2 9.0–29.6 98.2

Table 2.   Meta-analysis of sleep disorders prevalence among medical students in MENA countries. NR not 
reported, NA not applicable. Weighted average prevalence measures were obtained using random-effect 
model. p-value ≤ 0.05 was considered statistically significant. The total number of prevalence measures in 
each category of sleep disorders (SDs) may vary according to the subgroup analysis. *Severity disorder levels 
were considered as classified by the individual studies and are mutually exclusive. For disorder severity levels, 
the ’level not specified’ category includes SD prevalence measures reported without any specification of the 
disorder severity level from the primary studies. Pooled prevalence measures by sex consider combined 
disorder severity levels, academic training periods, and countries for a specific SDs. Pooled prevalence 
measures by academic training period consider combined disorder severity levels, sexes, and countries for a 
specific SDs. Pooled prevalence measures by MENA countries consider combined SDs severity levels, sexes, 
and academic training periods. For sex variable, ‘M/F not separated’ includes studies where SD prevalence was 
not provided for males and females separately.
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Factors Compared groupsd
Mean ± Standard Deviation (SD)/OR/r 
coefficient p value/95% CI

Insomnia disorders

Insomnia

Sex
Female versus Male69 ORa: 1.830 95% CI: 1.176–2.847, p-value = 0.007

Male versus Female70 OR adjusteda: 1.42 95% CI: 0.71–2-83

Age “There was increase in the frequency of 
insomnia with increased age”125 NR p-value = 0.008

Academic Year

Preclinical Year (1st-2nd year) versus 
Early (3rd-6thyear) & Late clinical year 
(> 7 years)69

ORa: 0.720 95% CI: 0.545–0.949, p-value = 0.020

2nd year versus 1st year70 OR adjusteda: 2.54 95% CI: 0.60–10.67

3rd year versus 1st year70 OR adjusteda: 1.76 95% CI: 0.33–8.76

5th year versus 1st year70 OR adjusteda: 1.32 95% CI: 0.17–10.09

Academic performance

Low mean GPA (< 3.0) versus High mean 
GPA (> 3.0)72

NR p-value = 0.001

ORa: 1.59 95% CI: 1.11–2.28, p-value = 0.012

Students’ GPA73 R = − 0.163 p-value = 0.03

Perceived very frequently their academic 
performance affected by insomnia versus 
‘do not perceive at all their academic per-
formance affected by insomnia70

OR adjusteda: 5.01 95% CI: 1.69–14.82

Perceived frequently their academic perfor-
mance affected by insomnia versus do not 
perceive at all their academic performance 
affected by insomnia70

OR adjusteda: 2.16 95% CI: 0.71–6.60

“Perceived sometimes their academic perfor-
mance affected by insomnia” versus “do not 
perceive at all their academic performance 
affected by insomnia70

OR adjusteda: 1.30 95% CI: 0.48–3.52

Poor academic performance (GPA ≤ 2.49) 
versus Good academic per (GPA ≥ 2.50)71 OR adjustedc: 1.96 95% CI: 1.35–2.85, p-value < 0.001

Technology use Internet use more than 12 h daily versus 
Less than 4 to 8 h70 OR adjusteda: 5.20 95% CI: 1.66–16.26, p-value =  < 0.010

Characteristics of residency Living in high prevalence of Covid versus 
Low prevalence of Covid69 ORa: 1.370 95% CI: 0.931–2.018, p-value = 0.111

Initial exposure followed by a subsequent 
experience of dissection No Insomnia versus Insomnia 122 90.3%versus 9.7% p-value = 0.001

Stress

Mild stress versus no stress70 OR adjusteda: 0.79 95% CI: 0.27–2.30

Moderate stress versus no stress70 OR adjusteda: 1.77 95% CI: 0.65–4.84

Severe stress versus no stress70 OR adjusteda: 1.24 95% CI: 0.28–5.42

Extremely severe stress versus no stress70 OR adjusteda: 7.18 95% CI: 0.90–17.00

Anxiety

Mild anxiety versus no anxiety70 OR adjusteda: 0.55 95% CI: 0.17–1.77

Moderate anxiety versus no anxiety70 OR adjusteda: 1.88 95% CI: 0.70–5.03

Severe anxiety versus no anxiety70 OR adjusteda: 0.61 95% CI: 0.15–2.43

Extreme severe anxiety versus mild, moder-
ate, severe, or no anxiety70 OR adjusteda: 1.95 95% CI: 0.50–7.57

Mild versus Moderate versus Severe anxi-
ety75 50% versus 72.1% versus 91.5% p-value < 0.001

Sleep state misperception (paradoxical insomnia)

Academic performance
Poor academic performance (GPA ≤ 2.49) 
versus good academic performance 
(GPA ≥ 2.50)71

OR adjustedc: 6.40 95% CI: 1.04–39.19, p-value = 0.045

Sleep-Related Breathing Disorders

Obstructive sleep apnea

Sex
Male versus Female71 OR unadjusted: 1.815 95% CI: 1.242–2.654, p-value = 0.002

Male versus Female70 OR adjusted a: 3.52 95% CI: 1.85–6.66, p-value =  < 0.001

Age One year increase in the age70 OR adjusteda: 1.37 95% CI: 1.01–1.85

Academic performance

Low mean GPA (< 3.0) versus High mean 
GPA (> 3.0)72 ORa:1.57 95% CI: 1.03–2.39

Poor academic performance (GPA ≤ 2.49) 
versus Good academic performance 
(GPA ≥ 2.50)71

16.8% versus 11.0% p-value = 0.117

Academic year
3rd year versus 1st Year70 OR adjusteda: 2.61 95% CI: 0.56–12.14

2nd year versus 1st Year70 OR adjusteda 1.19 95% CI: 0.26–5.09

Use of technology Use of internet for
4–8 h daily versus < 4–8 h daily70 OR adjusteda: 2.41 95% CI: 1.14–5.08

Continued
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Factors Compared groupsd
Mean ± Standard Deviation (SD)/OR/r 
coefficient p value/95% CI

Stress

Mild stress versus no stress70 OR adjusteda: 0.55 95% CI: 0.20–1.47

Moderate stress versus no stress70 OR adjusteda 0.21 95% CI: 0.06–0.74, p-value ≤ 0.050

Severe stress versus no stress70 OR adjusteda: 0.75 95% CI: 0.15–3.73

Extremely severe stress versus no stress70 OR adjusteda: 0.22 95% CI: 0.02–1.77

Anxiety

Mild anxiety versus no anxiety70 OR adjusteda: 3.44 95% CI: 1.47–8.07, p-value ≤ 0.010

Moderate anxiety versus no anxiety70 OR adjusteda: 1.38 95% CI: 0.45–4.20

Severe anxiety versus no anxiety70 OR adjusteda: 1.69 95% CI: 0.47–5.99

Extremely severe anxiety versus no anxi-
ety70 OR adjusteda: 32.01 95% CI: 7.45–137.42, p-value ≤ 0.001

Central Disorders of Hypersomnolence

Hypersomnia

Academic performance Poor academic performance (GPA ≤ 2.49) 
versus Good Academic per (GPA ≥ 2.50)71 19.4% versus 23.9% p-value = 0.176

Narcolepsy

Academic performance
Poor academic performance (GPA ≤ 2.49) 
versus Good academic performance 
(GPA ≥ 2.50)71

OR adjustedc: 2.03 95% CI: 5.83–15.60, p-value = 0.045

Circadian Rhythm Sleep–Wake Disorders

Circadian Rhythm Sleep–Wake Disorders

Academic performance
Poor academic performance (GPA ≤ 2.49) 
versus good academic performance 
(GPA ≥ 2.50)71

OR adjustedc: 2.03 95% CI: 1.34–3.08, p-value < 0.001

Low mean GPA (< 3.0) versus High mean 
GPA (> 3.0)72 ORa: 1.71 95% CI: 1.50–2.56, p-value = 0.008

Parasomnias

Nightmares

Sex Male versus Female71 OR unadjusted: 0.490 95% CI: 0.263–0.913, p-value = 0.022

Academic performance
Poor academic performance (GPA ≤ 2.49) 
versus Good academic performance 
(GPA ≥ 2.50)71

5.6% versus 4.4% p-value = 0.458

Sleep walking

Academic performance
Poor academic performance (GPA ≤ 2.49) 
versus good academic performance 
(GPA ≥ 2.50)71

2.0% versus 0.8% p-value = 0.135

Sleep-Related Movement Disorders

Periodic limb movement disorder/restless leg syndrome

Sex
RLS score in Female versus Male131 Mean ± SD: 10.86 ± 1.34 & Mean ± SD: 

11.57 ± 5.798 p-value = 0.754

Male versus Female71 OR unadjusted: 0.521 95% CI: 0.342–0.793, p-value = 0.002

Academic performance

Poor academic performance (GPA ≤ 2.49) 
versus Good academic performance 
(GPA ≥ 2.50)71

11.2% versus 10.2% p-value = 0.665

“RLS/PLMD was not associated with low 
academic performance (GPA < 3.0)”72 NR p-value = 0.152

Combined categories of SDse

Academic performance

GPA score in students with SDs versus GPA 
score in students without SDs67

Mean ± SD: 2.72 ± 1.34 versus Mean ± SD: 
2.61 ± 1.43 p-value = 0.484

Poor academic performance (GPA ≤ 2.49) 
versus Good (GPA 2.50–2.99) versus Very 
good (GPA 3.00–3.49) versus Excellent 
(GPA 3.50–3.99)/Outstanding (GPA ≥ 4.00) 
academic performance71

93.4% versus 82.9%
versus 66.8% versus 56.5% p-value = 0.005

Use of Technology
Time spent watching television and/or on 
smartphones versus No time spent watch-
ing television and/or on smartphones67

Mean ± SD: 6.71 h ± 3.83 versus Mean ± SD: 
5.90 h ± 3.40 p-value = 0.004

BMI (BMI kg/m2) BMI in SD group versus BMI in no SD 
group67

Mean ± SD: 24.8 kg/m2 ± 6.45 versus 
Mean ± SD: 24.8 kg/m2 ± 7.50 p-value = 0.936

Table 3.   Synthesis of reported factors associated with the risk of sleep disorders among MENA medical 
students. Significant results are highlighted in bold (p value ≤ 0.05). GPA grade point average, OR odd ratio, 
NR not reported, BMI body max index, RLS restless leg syndrome. a Adjustment unknown; b Model included 
age, gender, education, stress, anxiety, use of internet, and academic performance; c Adjusted for sex and 
obesity; d The second group listed refers to the reference group when applicable. e The studies assessed the factor 
associated with SDs combining obstructive sleep apnea (OSA), Insomnia, Narcolepsy, Restless leg syndrome/
Periodic limb movement disorder (RLS/PLMD), Circadian rhythm disorder (CRD), Sleep walking, and 
Nightmares.
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Circadian rhythm sleep–wake disorders (CRD)
A total of 5 prevalence measures classified under CRD disorders were retrieved from 3 studies conducted in 
Jordan and Saudi Arabia (Table 1). Following data merging and classification, 5 prevalence measures on any type 
of CRD disorder were included in the meta-analysis.

A significant difference in the pooled prevalence of CRD was found between the two countries with available 
data: Jordan (13.5%) and Saudi Arabia (22.4%) (Table 2). Only one study reported prevalence data of CRD by 
sex71. and another one67 during the COVID-19 pandemic lockdown in Saudi Arabia. Reported risk of having 
CRD was associated with an increased odds of having poor academic performance in two studies71,72 (Table 3). 
No significant difference was reported in the prevalence of CRD between males and females (p value = 0.162)71.

Parasomnias
A total of 8 prevalence measures classified under parasomnias disorders, including nightmares and sleep walk-
ing, were retrieved from 2 studies conducted in Jordan and Saudi Arabia (Table 1). Following data merging and 
classification, 3 prevalence measures on any type of parasomnias disorder were included in the meta-analysis.

The pooled prevalence of parasomnia disorders ranged between 5.6% in Jordan and 17.4% in Saudi Arabia 
(Table 2). A significant difference in the prevalence of parasomnia disorders was found between Jordan and Saudi 
Arabia. Only one study reported prevalence data of parasomnias segregated by sex71, and another one67 during 
the COVID-19 pandemic lockdown in Saudi Arabia.

No significant difference was reported in the prevalence of sleep walking (p-value = 0.090) between males 
and females71 (Table 3). The reported factor associated with an increased odds of having nightmares was being 
a female medical student (p value = 0.022)71.

Sleep‑related movement disorders
A total of 14 prevalence measures classified under sleep-related movement disorders were retrieved from 6 studies 
conducted in Jordan, Egypt, Pakistan, and Saudi Arabia (Table 1).

Following data merging and classification, 9 prevalence measures on any type of sleep-related movement 
disorder were included in the meta-analysis.

The pooled prevalence of sleep-related movement disorders ranged between 5.9% in Egypt and 30.6% in Saudi 
Arabia (Table 2). Only one study67 reported a prevalence of restless leg syndrome (RLS) during the COVID-19 
pandemic lockdown in Saudi Arabia. Significant differences in the pooled prevalence of sleep-related movement 
disorders were found between Egypt, Jordan, Saudi Arabia, and Pakistan. 5.1% of medical students had a mod-
erate-level of sleep-related movement disorders and 3.0% had a mild-level. No statistically significant difference 
in sleep-related movement disorders was found between males and females. The reported factor associated with 
decreased odds of having periodic limb movement disorder/RLS was being a male medical student71 (Table 3).

Undefined sleep disorder
Only one study reported a prevalence measure of any SD (without type specific SD prevalence), which was 9.5% 
among a male and female medical student during mixed training periods in Saudi Arabia (Table 1).

Heterogeneity
Between-study heterogeneity was relatively high, and differences between prevalence estimates across subgroups 
were significant between sex groups, academic training periods, and countries for the majority of SDs (Table 2). 
Meta-regression analyses revealed that prevalence measures retrieved from studies that did not report the SD 
measurement tool (n = 2) were significantly higher compared with studies that used a validated tool (n = 47). 
Although not statistically significant, prevalence measures assessed using non-validated tools seem to provide 
lower prevalence measures as compared to those using validated tools (Table 4). Although not statistically sig-
nificant, SD prevalence measures based on ‘non-probability sampling’, ‘sampling method not reported’, ‘sample 
size £ 100’, and ‘response rates3 75%’ were associated with higher SD prevalence measures when compared to 
‘probability sampling’, ‘sampling method reported’, ‘sample size > 100’, and ‘response rates < 75%’, respectively.

Study‑level quality assessment
Overall, most included primary studies properly reported the information required to allow quality assessment 
and were of good methodological quality (low RoB) (Supplementary Table S4). Most of the included studies 
(86%, 19/22) had a low likelihood of nonresponse bias, collected data directly from the targeted population (91%, 
20/22), used an acceptable case definition (82%, 18/22), and used a validated instrument to measure SD (77%, 
17/22). All included studies used the same mode of data collection for comparison groups. However, only 32% 
(7/22) of the included studies used a random-sampling method. A total of 20 studies out of 22 (91%) had a high 
RoB related to the representativeness of the national and target populations. Most of the included studies (73%, 
16/ 22) used an appropriate tool to identify cases with a high risk of SDs. Only one study had a high RoB with 
‘including appropriate numerators and denominators for the studied SDs’. Overall, the included studies had good 
internal validity and moderate external validity that could limit the generalizability of the results.

Reporting bias and certainty assessment
Our synthesis was likely impacted by the limited number of primary studies retrieved in some specific SDs cat-
egories and MENA countries, which may have consequently limited the representativeness of our pooled preva-
lence estimates. Most of the primary studies had a low risk of non-response bias, however, they had a high risk 
of selection bias, which could impact their external validity. Additionally, pooled SD prevalence estimates were 
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likely robust because of the good studies’ internal validity (low risk of measurement and analysis biases); however, 
identified heterogeneity between studies has likely impacted the precision of the pooled prevalence estimates.

The visual inspection of the Doi plots indicates some positive asymmetry (with studies spread out towards the 
right limb), for all SDs except central disorders of hypersomnolence (Fig. 2). The LFK index was consistent with 
no asymmetry of the Doi plot for central disorders of hypersomnolence and therefore no evidence of a publica-
tion bias. The LFK index was consistent with a minor positive asymmetry of the Doi plots (minor publication 
bias) for (1) circadian rhythm sleep–wake disorders, (2) parasomnias, and (3) sleep-related movement disorders 
(Fig. 2). LFK index was consistent with a positive major asymmetry of the Doi plot for insomnias disorders and 
sleep-related breathing disorders. Hence, there may be a major publication bias related to studies with a higher 
prevalence more likely to be published. The prediction 95% intervals for the prevalence of on insomnias disorders 
and sleep-related breathing disorders were [6.67%-87.59%] and [5.3%-40.40%], respectively.

Based on the above, the certainty of available evidence was rated as moderate.

Discussion
The pooled prevalence of SD categories among MENA medical students was the highest for central disorders 
of hypersomnolence, insomnia, and CRDs. Statistically significant differences in the pooled prevalence were 
identified between Egypt, Jordan, Morocco, Pakistan, and Saudi Arabia. While insomnia disorders were generally 
studied in the region, limited data were found for central disorders of hypersomnolence, CRDs, sleep-related 
breathing disorders, sleep-related movement disorders, and parasomnias disorders preventing conclusions on 
their extent and positioning. Limited data on the prevalence of SDs among medical students were available 
globally77, and a wide range of SD prevalence measures was reported among university students globally9,19,25,78. 
Additionally, only two studies assessed the impact of the COVID-19 pandemic lockdown on the prevalence 
insomnias disorders.

Insomnia disorder prevalence among the MENA medical students, ranging between 30.4% and 59.1%, was 
higher than medical students in China (27.8%)79 and lower than medical students in Georgia (70.11%)80. Insom-
nia prevalence in MENA medical students was comparable to the global insomnia prevalence reported among 
healthcare workers (37–38%)81,82. Medical students typically cope with large academic loads and clinical duties 
that include overnight on-call shifts, which could interfere with their sleep6,26. However, medical students may 
also overreport symptoms compared to non-medical university students or the general population, because of 
their medical knowledge and their perceived value on health83, which could contribute to the higher self-reported 
SD prevalence.

Globally, a wide range of insomnia prevalence measures have been reported in university students9,19,36–38,84 
and the adult general population5,37,38,81,85–89 preventing comparisons. The differences in the diagnostic criteria 
used to assess insomnia could explain some of the observed differences in the insomnia prevalence between 
studies.

The variability in insomnia and other SD prevalence measures in the literature could also be explained by 
the use of sleep disturbance tools, such as Pittsburgh Sleep Quality Index, for assessing the risk of SDs9,19,25,35. 
Although sleep disturbance tools are good predictors of the risk of SDs90,91, only a small proportion of students 
with sleep complaints will meet SD clinical interview and diagnostic criteria78. For instance, 30–40% of the 
population with sleep disturbances will meet the clinical diagnostic scores for insomnia35, as symptoms related 

Table 4.   Univariate meta-regression models for any sleep disorder prevalence in MENA medical students. 
Significant results are highlighted in bold (p-value ≤ 0.05). Associations between study-level factors62 and the 
prevalence of combined SDs is reported as odds ratios (ORs) with its corresponding 95% confidence interval.

Study-level factors Number of prevalence measures Total sample size (n = 19,955)

Effect size Univariable analyses

Weighted average prevalence 
(%) 95% CI (%) OR 95% CI p-value†

Sampling

Probability based 26 10,308 24.3 17.1–32.2 Ref Ref Ref

Non-probability based 19 3950 37.0 23.5–51.5 1.74 0.84–3.63 0.139

NR 10 5697 26.7 15.7–38.4 1.18 0.48–2.89 0.724

Sample size

 > 100 45 19,336 27.7 20.8–35.2 Ref Ref Ref

 ≤ 100 10 619 34.7 22.4–48.0 1.50 0.63–3.60 0.361

Tools

Validated 47 18,274 28.6 22.2–35.4 Ref Ref Ref

Non validated 6 991 15.2 7.9–24.2 0.48 0.18–1.32 0.156

NR 2 690 79.3 70.5–86.9 11.24 2.22–56.99 0.004

Response rate

 < 75% 2 135 41.6 20.7–64.1 Ref Ref Ref

 ≥ 75% 6 2628 26.3 16.9–36.9 2.06 0.27–15.56 0.486

NR 47 17,192 28.8 21.7–36.4 1.01 0.35–2.93 0.980
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to middle-of-night awakenings or daytime impairments are not captured by sleep quality tools and are required 
to fulfill the criteria for insomnia disorders92,93.

Our meta-analysis demonstrated that insomnia disorders and sleep-related breathing disorders were signifi-
cantly more prevalent in female medical students as compared to male students. Sex-related differences were not 
identified for other SDs. The synthesis of reported factors associated with SDs suggested that the female sex was 
associated with the occurrence of insomnia disorders, nightmares, periodic limb movement disorder, and RLS; 
and the male sex was associated with the occurrence of OSA. The higher vulnerability of women to insomnia5,94–97 
and RLS5,98,99 as compared to men is consistent with previous findings in the general population, suggesting the 
need to target female students when planning interventions.

Differences in SD prevalence by academic training period or disorder severity level assessed in our meta-
analyses could not be established given the limited data; however, included studies suggested that late academic 
years (clinical and late clinical years) were associated with insomnia and OSA. Medical education in general and 
the clinical years specifically have been identified as causative factors for poor sleep quality worldwide6,100. Our 
findings highlighted the significant negative impact of insomnia disorders, sleep state misperception, narcolepsy, 

Figure 2.   Publication bias assessed via the Doi plot using the prevalence of each sleep disorder as an effect 
estimate (ES) and the LFK (Luis Furuya-Kanamori) index. In the Doi plot, the dots representing individual 
prevalence measures extracted from each study on each outcome (sleep disorders).
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and CRD disorders on academic performance in medical school. Low academic performance among medical 
and university students has been correlated with poor sleep quality20,101. Additional studies are required to 
assess the impact of SDs on the academic performance of MENA medical students. Interventions involving 
sleep-education24,102, monitoring cognitive behavior24,102, and mindfulness relaxation24,102 during clinical train-
ing years can help medical students to improve their sleep. Student well-being services can support students in 
managing disturbed sleep and its consequences. Additionally, incorporating sleep education into the curriculum 
has been recommended to address medical students’ poor knowledge and misconceptions about sleep practices 
and disorders6,103,104 and prevent misdiagnosis and maltreatment of SDs105.

Our synthesis of reported factors associated with SDs suggested that excessive daily internet use was asso-
ciated with the occurrence of insomnia disorders and OSA. A significant increase in sleep problems and a 
reduction in sleep duration were found among individuals addicted to the internet106, suggesting a potential 
association with SDs. Additionally, our synthesis suggested that the negative impact of anxiety on the risk of 
insomnia disorders and OSA depends on the severity level of anxiety. Both insomnia disorders77,94,107–112 and 
OSA113–115 are associated with an increased risk of depression and anxiety in adults and adolescents, and it seems 
that this relationship is bi-directional116. As anxiety and depressive symptoms are relatively common in medi-
cal students117,118, they probably contribute to the increased prevalence of insomnia disorders and OSA in this 
population. Consequently, interventions designed to prevent or address SDs are also likely to positively impact 
mental health disorders holistically.

To our knowledge, this is the first SR and meta-analysis focusing on SDs rather than sleep disturbances in 
MENA medical students. The majority of included studies were of good methodological quality, which reinforces 
the validity of our findings. A minor impact of the two studies not reporting the tool for measuring SD prevalence 
on the pooled prevalence is expected given that 85% of the included studies used a validated tool for assessing 
SDs. There was no evidence for the impact of other study characteristics on the SD prevalence (Table 4). All 
included studies assessed SDs using self-reported questionnaires, which could be subject to recall bias. Also, 
all included studies have used screening tools for assessing SDs. Therefore, the proportion of medical students 
meeting the clinical diagnosis criteria is expected to be lower than the estimated proportion of students with 
SDs considering screening criteria only78. While an objective clinical diagnosis of SDs is generally more reliable, 
self-reported screening questionnaires are utilized not only in research but also in clinical practice because of 
their administration efficiency and low cost119. Most studies included in this review were comprised of rather 
small sample sizes or limited generalizability. Studies with larger samples and geographical coverage are required 
to confirm our results. Our findings may not be generalizable to all MENA countries given the limited number 
of countries with available data. Although a publication bias related to the available data on insomnias disorders 
and sleep-related breathing disorders has been detected, we are confident that the prevalence of these SDs are 
within the prediction interval. Despite these limitations and the existence of heterogeneity, several subgroup 
analyses of SD prevalence assessed using validated tools were conducted. Therefore, these limitations do not 
affect the interpretation of our findings.

As most of the included studies were cross-sectional, temporal sequencing of SD development and potential 
associated factors cannot be established, which limits conclusions on potential causal associations. However, 
this synthesis can be used to generate hypotheses and support future study design to assess the risk factors and 
consequences of SDs in medical students.

Conclusion
SDs with the highest prevalence among medical students in MENA were central disorders of hypersomnolence, 
insomnia disorders, and CRD disorders. Female sex, latter academic years, anxiety, and excessive internet use 
were associated with the occurrence of several SDs. SDs negatively impact students’ academic performance. 
Implementing public health and clinical interventions in medical school settings, particularly targeting high-risk 
groups (i.e., female students and students in late academic years), should be given serious consideration to help 
improve students’ overall health, wellbeing, and quality of life.

Data availability
The original contributions presented in the study are included in the article and online supplement. Further 
inquiries can be directed to the corresponding author.
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