
V
IE

W
PO

IN
TS

PA
PE

RS

www.jogh.org • doi: 10.7189/jogh.12.04092 1 2022  •  Vol. 12  •  04092

Prevalence of sleep disorders 
among first responders for medical 
emergencies: A meta-analysis

Electronic supplementary material: 
The online version of this article contains supplementary material.

© 2022 The Author(s)
JoGH © 2022 ISoGH

Cite as: Huang G, Lee T, Band KJ, Pien L, Jen H, Chen R, Liu D, Hsiao SS, Chou K. Prevalence of sleep 
disorders among first responders for medical emergencies: A meta-analysis. J Glob Health 2022;12:04092.

Garry Huang1,2,3, Tso-Ying Lee4, Kondwani 
Joseph Banda5,6, Li-Chung Pien7,8, Hsiu-Ju 
Jen5,9, Ruey Chen5,7,9, Doresses Liu5,10,11,  
Shu-Tai Shen Hsiao5,12, Kuei-Ru Chou5,9,11,13,14

 1 School of Health Care Administration, College of 
Management, Taipei Medical University, Taipei, Taiwan

 2 Australasian College of Paramedicine, Australia
 3 Australian Institute of Project Management, Australia
 4 Nursing Research Center, Department of Nursing, Taipei 

Medical University Hospital, Taipei, Taiwan
 5 School of Nursing, College of Nursing, Taipei Medical 

University, Taipei, Taiwan
 6 Endoscopy Unit, Surgery Department, Kamuzu Central 

Hospital, Lilongwe, Malawi
 7 Post-Baccalaureate Program in Nursing, College of 

Nursing, Taipei Medical University, Taipei, Taiwan
 8 Psychiatric Research Center, Wan Fang Hospital, Taipei 

Medical University, Taipei, Taiwan
 9 Department of Nursing, Taipei Medical University-

Shuang Ho Hospital, New Taipei, Taiwan
10 Department of Nursing, Wan Fang Hospital, Taipei 

Medical University
11 Center for Nursing and Healthcare Research in Clinical 

Practice Application, Wan Fang Hospital, Taipei Medical 
University, Taipei, Taiwan

12 Superintendent Office, Taipei Medical University 
Hospital, Taipei, Taiwan

13 Psychiatric Research Center, Taipei Medical University 
Hospital, Taipei, Taiwan

14 Neuroscience Research Center, Taipei Medical 
University, Taipei, Taiwan

Correspondence to:
Dr. Kuei-Ru Chou, PhD, FAAN 
School of Nursing 
College of Nursing 
Taipei Medical University 
Taipei 
Taiwan, R.O.C 
kueiru@tmu.edu.tw

Background Shift work and irregular work schedules among 
first responders have been associated with physical and psy-
chological problems such as sleep disorders. We conducted 
the first meta-analysis to explore and estimate the prevalence 
of sleep disorders among first responders for medical emer-
gencies.

Methods We searched four databases: Web of Science, Psych 
Info, CINAHL, and PubMed. The Generalized Linear Mixed 
model (GLMM) was used to estimate the prevalence estimates 
of sleep disorders in R software and the DerSimonian-Lard 
random-effects model in Comprehensive Meta-Analysis was 
used to explore associated comorbidities for OSA and insom-
nia, presented as odds ratios (ORs) and confidence intervals 
(CIs). The Cochran’s Q, τ2, and the  statistics were used to as-
sess heterogeneity and the moderator analysis was conducted 
to identify moderator variables.

Results Twenty-eight studies with 100 080 first respond-
ers were included from the total of 1119 studies retrieved 
from the databases. The prevalence rates for sleep disor-
ders were 31% (95% CI = 15%-53%) for shift work disor-
der (SWD), 30% (95% CI = 18%-46%) for obstructive sleep 
apnea (OSA), 28% (95% CI = 19%-39%) for insomnia, 28% 
(95% CI = 24%-33%) for excessive daytime sleepiness (EDS), 
2% (95% CI = 1%-4%) for restless leg syndrome, and 1% 
(95% CI = 0%-5%) for narcolepsy. Anxiety (OR = 2.46; 95% 
CI = 1.99%-3.03%), cardiovascular disease (CVD) (OR = 2.03; 
95% CI = 1.43-2.88), diabetes mellitus (DM) (OR = 1.93; 
95% CI = 1.41-2.65), depression (OR = 1.89; 95% CI = 1.01-
3.56), gastroesophageal reflux disease (GERD) (OR = 1.83; 
95% CI = 150-2.22), and post-traumatic stress disorder 
(PTSD) (OR = 1.78; 95% CI = 1.33-2.39) were associated with 
OSA. Depression (OR = 9.74; 95% CI = 4.67-20.3), anxiety 
(OR = 9.22; 95% CI = 3.81-22.3), and PTSD (OR = 7.13; 95% 
CI = 6.27-8.10) were associated with insomnia. Age, gender, 
first responders, continent, study quality, study design, and 
assessment tool were significant moderator variables for OSA, 
insomnia, and EDS.

https://creativecommons.org/licenses/by/4.0/legalcode
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Sleep is a biological function necessary for vital functions, including memory, emotion, learning, metabolic 
regulation, cellular toxin removal, and neural development in humans [1]. It is crucial in maintaining surviv-
al, recovery, and energy conservation, which are important for good health and improved quality of life, while 
poor sleep has severe health implications as it interrupts circadian rhythms [1,2]. Circadian rhythms are re-
sponsible for regulating the body’s processes (i.e., the behavioural, physical, and mental changes that occur 
over 24 hours) through the release of melatonin [3]. Poor sleep habits have been associated with short-term 
effects including irritability, difficulty with concentration, headaches, and mood changes and long-term effects 
including increased risk for cardiovascular disease, cancer, and obesity [4,5]. Thus, exploring sleep problems 
among first responders is crucial for preventing physical and mental problems leading to improved service 
delivery among this population.

First responders are a group of professionals that includes emergency medical service (EMS) personnel includ-
ing ambulance personnel, paramedics, and emergency medical technicians (EMTs), police, and fire fighters 
[6-8]. These frontline workers are responsible for pre-hospital medical services during emergencies, accidents, 
and disasters facing numerous calls and irregular daily schedules that disturb their usual sleep patterns leading 
to sleep disorders, which have been associated with physical and mental health disorders [4,9]. Sleep disorders 
lead to disturbance of normal behaviour or usual sleeping patterns [10]. The International Classification of Sleep 
Disorders, Third Edition (ICSD-3) and International Classification of Diseases, Tenth Edition (ICD-10) define, 
classify, and categorize sleep disorders into those of organic origin focusing on medical and neurological-based 
disorders and non-organic origin focusing on behavioural and mental disorders. The ICSD-3 is the most ad-
vanced classification of sleep disorders that categorizes sleep disorders into 10 conditions including restless 
legs syndrome, insomnia, nightmare disorder, hypersomnolence, breathing-related sleep disorders, narcolep-
sy, non-rapid eye movement sleep (NREM) sleep arousal disorders, substance- or medication-induced sleep 
disorders, circadian rhythm sleep awake disorders, and rapid eye movements (REM) sleep behaviour disorder.

Current evidence on the prevalence of sleep disorders among first responders for medical emergencies remains 
unclear and unknown in the current research. A systematic review by Jones [11] showed that sleep disturbanc-
es were associated with poor alertness and concentration, fatigue, mood disturbances, cognitive impairment, 
and poor quality of life among first responders. Moreover, demographic factors (education, gender, age, smok-
ing status, alcohol status, living habits and environment, marital status, mental disorders, and medical history) 
and occupational factors (irregular work schedules, type of work, profession, peer support, and awareness of 
support measures) have shown to have an impact on the occurrence of sleep disorders [4]. However, previ-
ous systematic review included limited number of studies, explored no specific sleep disorders but focused on 
sleep disturbances, and found no conclusive evidence on the prevalence of sleep disorders. Thus, no compre-
hensive meta-analysis has been conducted to explore and estimate the prevalence of sleep disorders among 
first responders for medical emergencies, revealing a knowledge gap that needs to be addressed. To address 
this and extend current evidence by conducting a first meta-analysis, we aimed to investigate and estimate the 
prevalence of sleep disorders and associated comorbidities among first responders for medical emergencies. 
We hypothesized that first responders for medical emergencies would demonstrate similar prevalence rates of 
sleep disorders to that of other shift workers.

METHODS
Search strategy

The study protocol was registered with PROSPERO: CRD42022330754 and followed the Meta-Analysis of Ob-
servational Studies in Epidemiology (MOOSE) guidelines [12]. We comprehensively searched PubMed, Web of 
Science, CINAHL, and Psych Info from each database date of inception with initial search on 20/02/ February 
20, 2022, and a follow-up search on May 11, 2022. The following keywords were used in combination with 
detailed search strategy including MeSH terms in Table S1 in the Online Supplementary Document: (preva-
lence OR incidence OR epidemiology OR rate OR rates OR number OR proportion OR probability OR event) 
AND (insomnia OR narcolepsy OR REM sleep behavior disorder OR restless leg syndrome OR parasomnias OR 

Conclusions This meta-analysis found a substantially high prevalence of sleep disorders including SWD, 
OSA, insomnia, and EDS among first responders for medical emergencies. Early assessment and manage-
ment of sleep disorders among first responders is necessary to promote good, quality sleep to help prevent 
anxiety, depression, CVD, DM, GERD, and PTSD.
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sleep apnea OR Non-24-hour sleep wake disorder OR excessive sleepiness OR shift wake disorder OR period-
ic limb movement disorder) AND (Emergency Medical Services Personnel OR EMS personnel OR ambulance 
personnel OR fire fighters OR law enforcement OR police OR first responders OR paramedics OR emergency 
medical technicians OR EMTs). A manual search was conducted by reviewing the reference lists of relevant 
observational studies, systematic review, and meta-analysis and potential studies were then searched in Goo-
gle. We also contacted original study authors for missing data to ensure most eligible studies were included.

Study selection

The eligible studies inclusion was based on the PICOS criteria without any language restrictions were: 1) pop-
ulation: first responders including emergency medical service (EMS) personnel, ambulance personnel, para-
medics, police, emergency medical technicians (EMTs), and fire fighters; 2) exposure of interest: sleep disor-
ders (insomnia, narcolepsy, REM sleep behaviour disorder, restless leg syndrome, parasomnias, sleep apnoea, 
non-24-hour sleep wake disorder, excessive sleepiness, shift wake disorder, periodic limb movement disorder); 
3) comparison: no sleep disorders, 4) outcome of interest: epidemiology, incidence, or prevalence using a val-
idated assessment tool, and 5) study design: observational studies including cross-sectional and prospective 
studies (Table S2 in the Online Supplementary Document). Studies were excluded if they were non-relevant 
population studies, systematic review or meta-analysis studies, studies using non-validated assessment tools, 
study protocols, duplicate studies, studies unrelated to the topic, and randomized controlled trials (Figure 1).

Figure 1. Flowchart for study selection. 

Data extraction and study outcomes

Two independent reviewers (GH and KJB) extracted the data into following categories: 1) author and year of 
publication, 3) age, 4) sample size, 5) gender, 6) study design, 7) country, 8) continent, 9) sleep disorders in-
cluding obstructive sleep apnoea (OSA), restless leg syndrome (RLS), shift work disorder (SWD), insomnia, 
excessive daytime sleepiness (EDS), and narcolepsy, 10) assessment tool, and 11) associated comorbidities, 
including anxiety, depression, cardiovascular disease (CVD), diabetes mellitus (DM), gastroesophageal reflux 
disease (GERD), and post-traumatic stress disorder (PTSD) in the included studies.

The primary outcome was pooled prevalence of sleep disorders, including 1) SWD measured by Shift Work 
Disorder Screening Questionnaire (SWDSQ) and International Classification of Sleep Disorders-2nd Edition 
(ICSD-2), 2) OSA measured by polysomnography using Apnea-Hypopnea Index (AHI), Berlin Questionnaire 
(BQ), and snoring, tiredness, observed apnoea, blood pressure, body mass index, age, neck size, gender (STOP-
BANG) questionnaire, 3) insomnia measured by Athens Insomnia Scale (AIS) and Insomnia Severity Index 
(ISI), 4) EDS measured by Epworth Sleepiness Scale (ESS), 5) RLS measured by Restless Leg Syndrome Epi-
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demiology, Symptoms and Treatment Questionnaire (RLSESTQ), and 6) narcolepsy among first responders. 
The secondary outcomes were associated comorbidities including anxiety, depression, CVD, DM, GERD, and 
PTSD for OSA and insomnia (Table 1).

Table 1. Demographic characteristics for first responders with sleep disorders

Author (year) Country Mean age 
(years)

Sample size 
(N)

Gender (n) Study design Study 
qualityMale Female Other

Angehrn et al. (2020) [13] Canada 39.0 4019 NA NA 4019 Cross-sectional 8 – M

Barger et al. (2015) [14] USA 40.4 (±8.9) 6933 6360 410 163 Cross-sectional 9 – L

Cramm et al. (2021) [15] Canada 40.0 1217 1024 77 116 Cross-sectional 8 – M

Fernandez et al. (2014) [16] USA 36.9 1047 703 255 89 Cross-sectional 10 – L

Garbarino et al. (2002) [17] Italy 29.7 (±5.6) 1280 1060 220 NA Cross-sectional 7 – M

Garbarino et al. (2019) [18] Italy 36.0 (±7.4) 236 236 NA NA Cross-sectional 7 – M

Glaser et al. (2014) [19] USA 51.5 (±7.9) 636 636 NA NA Cross-sectional 8 – M

Haddock et al. (2013) [20] USA 38.2 (±9.9) 458 458 NA NA Cross-sectional 8 – M

Hendrickson et al. (2022) [21] USA 39.6 (±1.1) 187 NA NA 187 Cross-sectional 7 – M

Jang et al. (2020) [22] South Korea 40.0 9,738 9080 658 NA Cross-sectional 9 – L

Khan et al. (2020) [23] Australia 39.1 (±12.1) 136 62 74 NA Cross-sectional 7 – M

Khan et al. (2020) [24] Australia 44.1 (±12.1) 83 83 NA NA Cross-sectional 7 – M

Khan et al. (2020) [24] Saudi Arabia 39.1 (±12.1) 104 104 NA NA Cross-sectional 7 – M

Kim et al. (2021) [25] South Korea 40.7 (±9.6) 51 149 46 544 4605 NA Cross-sectional 9 – L

Klawe et al. (2005) [26] Poland 47.1 (±3.2) 21 NA NA 21 Cross-sectional 7 – M

Kwak et al. (2020) [27] South Korea 40.1 (±8.7) 352 328 24 NA Cross-sectional 8 – M

Lim et al. (2020) [28] South Korea 39.6 (±8.7) 9788 9124 664 NA Cross-sectional 9 – L

Pan et al., (2019) [29] China 40.1 (±9.1) 1036 799 237 NA Cross-sectional 9 – L

Pazmino Erazo et al. (2020) [30] Ecuador 30.0 27 16 11 NA Cross-sectional 7 – M

Pinto et al. (2018) [31] Brazil 34.6 (±6.1) 22 22 NA NA Cross-sectional 7 – M

Pirrallo et al. (2012) [32] USA 35.7 1306 905 401 NA Cross-sectional 7 – M

Rajaratnam et al. (2011) [33] USA and Canada 38.5 (±8.3) 4957 4079 861 17 Prospective cohort 9 – L

Savall et al. (2021) [34] France 39.1 (±11.5) 193 159 34 NA Cross-sectional 7 – M

Shi et al. (2021) [35] USA 42.9 268 156 112 NA Cross-sectional 7 – M

Sofianopoulos et al. (2020) [36] Australia 39.7 60 46 14 NA Cross-sectional 7 – M

Sunderram et al. (2018) [37] USA 52.8 (±9.9) 601 498 103 NA Cross-sectional 9 – L

Tsehay et al. (2021) [38] Ethiopia 34 (±7.4) 385 324 61 NA Cross-sectional 8 – M

Webber et al. (2011) [39] USA 42.3 (±8.0) 4756 NA NA 4756 Prospective cohort 7 – M

Yadav et al. (2015) [40] India 26.6 (±0.6) 85 34 51 NA Cross-sectional 7 – M

F – female, h – poor quality, L – high quality, M – moderate quality, Ma – male, NA – not available, USA – United States of America

Quality assessment of included studies

The quality of the included studies was examined by GH and KJB using the Hoy’s Risk of Bias assessment tool 
[41]. The assessment tool has 10 domains that assesses the internal and external validity of prevalence obser-
vational studies. Selection and non-response bias represent the external validity of the study domains assessed 
in items 1-4. Measurement bias and bias related to the analysis represent the internal validity of the study do-
mains assessed in items 5-10. The 10 items with the score for each item being 1 for low risk and 0 for high 
risk are added to have the overall risk of study bias. The quality of the included studies was as follows: 9-10 
for a low risk of bias study, 7-8 for a moderate risk of bias study, and 0-6 for a high of bias risk study (Table 
1, Table S3 in the Online Supplementary Document). A third expert reviewer (KRC) resolved and addressed 
differences between GH and KJB through discussions.

Statistical methods

The generalized linear mixed model (GLMM) in R-software was used to estimate the pooled estimates of sleep 
disorders (SWD, OSA, insomnia, EDS, RLS, and narcolepsy) among first responders [42,43]. This method 
combines proportions and accounts for within-study variations, accounting for studies with small sample siz-
es and rare events. The GLMM does not need corrections in the analysis for zero counts and models preva-
lence estimates with binomial likelihoods without any data transformations for each study and uses specific 
link function to transform proportion estimates to a linear scale. Statistical significance for all the outcomes 
was set at a P-value of <0.05.
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Heterogeneity assessment of OSA, insomnia, and EDS prevalence estimates was assessed to account for varia-
tions regarding participants and methodological factors among the included studies. An X2 test using Cochran’s 
Q, τ2, and I2 statistics (P<0.10) [42,44] indicating low (<25%), moderate (≥25% to ≤75%), and high (≥75%) 
heterogeneity was used for heterogeneity assessment. Publication bias for OSA, insomnia, and EDS was mea-
sured by the Egger’s regression test and funnel plot of the proportion estimates [45].

The DerSimonian-Lard random and fixed-effects models in Comprehensive Meta-Analysis (CMA), Version 2.0 
software was used to assess the associated comorbidities for OSA and insomnia, including anxiety, depression, 
CVD, DM, GERD, and PTSD [46]. The inverse variance-weighted mean of the logarithm of odds ratios (ORs) 
with 95% confidence intervals (CIs) was used in CMA to estimate the pooled OR for associated comorbidities 
(anxiety, depression, CVD, DM, GERD, and PTSD) for OSA and insomnia.

Pre-specified demographic and methodological factors for OSA, insomnia, and EDS were used for moderator 
analysis due to the observed statistical heterogeneity among the included studies [47]. Continuous variables in-
cluding mean age and male and female percentage were used in the meta-regression models. Sub-group analysis 
was conducted for categorical variables including 1) first responders (EMS personnel, police, and firefighters), 
2) continent (America, Asia, Europe, and Africa), 3) sample size (≥500 and <500), 4) study design (cross-sec-
tional and prospective), 5) country status (high-income and middle-income), 6) study quality (moderate and 
low risk studies), and 7) year of publication (<2020 and ≥2020).

Ethical approval

This study used secondary data from previously published studies that already sought informed consent from 
the participants and required no ethical approval.

RESULTS
Study characteristics

A total of 1119 studies were retrieved from Psych Info, Web of Science, CINAHL, and PubMed and 28 were 
included [13-40], published between 2002 and 2022 (Figure 1) with 101 080 first responders for medical 
emergencies including police, EMS personnel, firefighters, and paramedics. Among the 101 080 first respond-
ers, 82 840 were males, 8872 were females, and 9368 were identified as other types of gender. A cross-sec-
tional design was used in 26 studies, while two studies used prospective cohort design. Ten studies were done 
in North America, 11 in Asia, four in Europe, two in South America, and one in Africa. Eight studies had low 
risk of bias, while 20 studies had moderate risk of bias.

We found six disorders, including insomnia (15 studies), EDS (14 studies), OSA (13 studies), SWD (five stud-
ies), restless leg syndrome (two studies), and narcolepsy (two studies). The most common reported sleep dis-
orders were insomnia, EDS, OSA, and SWD and the least reported sleep disorders were restless leg syndrome 
and narcolepsy. The prevalence of insomnia measured by AIS and ISI ranged from 3.4% to 74.1%. The prev-
alence of EDS measured by ESS ranged from 17.1% to 44.9%. The prevalence of OSA measured by AHI, BQ, 
and STOP-BANG questionnaire ranged from 9.9% to 80.8%. The prevalence of SWD measured by SWDSQ 
and ICSD-2 ranged from 9.1% to 54.0%. The prevalence of restless leg syndrome measured by RLSESTQ 
ranged from 1.6% to 3.4%. The prevalence of narcolepsy ranged from 0.4% to 4.0%. The associated comorbid-
ities for OSA and insomnia included anxiety, depression, CVD, DM, GERD, and PTSD (Table 1 and Table 2).

Prevalence of shift work disorder among first responders

The pooled prevalence of SWD among first responders for medical emergencies was estimated at 31% (95% 
CI = 15%-53%). We found statistical heterogeneity among the included studies (Q = 361.69, τ2 = 1.0802, 
I2 = 97%; P = 0.01) (Figure 2, Table 3, Figure S1 in the Online Supplementary Document).

Prevalence of obstructive sleep apnea among first responders

The pooled prevalence of OSA among first responders for medical emergencies was estimated at 30% (95% 
CI = 18%-46%). We found statistical heterogeneity among the included studies (Q = 4069.89, τ2 = 1.5367, 
I2 = 100%; P = 0.0001) (Figure 2, Table 3, Figure S2 in the Online Supplementary Document). The Egger 
regression co-efficient was 11.1 (t-value = 1.91, P = 0.08) and the funnel plot showed no evidence of publica-
tion bias (Figure S7 in the Online Supplementary Document).
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Table 2. Disease characteristics for sleep disorders among first responders

Author (year) Type of first 
responders Sleep disorder (tool) Prevalence 

(N (%))
Prevalence 

(%)
Associated  

factors
Associated 

comorbidities

Angehrn et al. 
(2020) [13]

Paramedics, 
police, 

firefighters
Insomnia (ISI) 418/678/1424

60.0/53.0/ 
55.6

Age, gender, marital 
status, work experience

NA

Barger et al. 
(2015) [14]

Firefighters
Insomnia (AIS), OSA (BQ), 

SWD (ICSD-2), RLS (RLSEST-Q)
416/1969/ 
631/236

6.0/28.4/ 
9.1/3.4

Age, gender, marital 
status, work experience

Depression, anxiety, 
DM, CVD

Cramm et al. 
(2021) [15]

Firefighters Insomnia (ISI) 256 21.0
Age, gender, marital 

status, work experience
Depression, anxiety, 

PTSD
Fernandez et al. 
(2014) [16]

EMS personnel EDS (ESS) 394 37.6
Age, gender, marital 

status, work experience
NA

Garbarino et al. 
(2002) [17]

Police EDS (ESS) 243 19.0
Age, gender, marital 

status, work experience
NA

Garbarino et al. 
(2019) [18]

Police EDS (ESS) 42 17.8
Age, gender, marital 

status, work experience
NA

Glaser et al. 
(2014) [19]

Firefighters OSA (AHI, PSG) 514 80.8
Age, gender, marital 

status, work experience
GERD

Haddock et al. 
(2013) [20]

Firefighters EDS (ESS) 125 27.4
Age, gender, marital 

status, work experience
NA

Hendrickson et 
al. (2022) [21]

Firefighters, 
EMS personnel

Insomnia (ISI) 24/40 33.3/34.8
Age, gender, marital 

status, work experience
NA

Jang et al.  
(2020) [22]

Firefighters Insomnia (ISI) 883 9.0
Age, gender, marital 

status, work experience
Depression, anxiety, 

PTSD
Khan et al. 
(2020) [23]

Paramedics
Insomnia (ISI), EDS (ESS), OSA 

(BQ), SWD (SWDSQ), narcolepsy
56/34/41/67/5

41.5/25.0/ 
30.0/49.0/4.0

Age, gender, marital 
status, work experience

NA

Khan et al. 
(2020) [24]

Paramedics
Insomnia (ISI), EDS (ESS), 
OSA (BQ), SWD (SWDSQ)

28/18/38/45
34.0/22.0/ 
46.0/54.0

Age, gender, marital 
status, work experience

NA

Khan et al. 
(2020) [24]

Paramedics
Insomnia (ISI), EDS (ESS), 
OSA (BQ), SWD (SWDSQ)

53/33/37/53
51.0/32.0/ 
36.0/51.0

Age, gender, marital 
status, work experience

NA

Kim et al.  
(2021) [25]

Firefighters OSA (BQ) 8,236 16.1
Age, gender, marital 

status, work experience
Depression

Klawe et al. 
(2005) [26]

Police OSA (AHI, PSG) 8 8.0
Age, gender, marital 

status, work experience
NA

Kwak et al. 
(2020) [27]

Firefighters Insomnia (ISI) 166 47.2
Age, gender, marital 

status, work experience
NA

Lim et al.  
(2020) [28]

Firefighters Insomnia (ISI) 890 9.1
Age, gender, marital 

status, work experience
PTSD

Pan et al.  
(2019) [29]

Police
Insomnia (ISI), EDS (ESS), 

OSA (BQ)
228/179/103 22.0/17.1/9.9

Age, gender, marital 
status, work experience

NA

Pazmino Erazo et 
al. (2020) [30]

Paramedics Insomnia (ISI) 20 74.1
Age, gender, marital 

status, work experience
NA

Pinto et al. 
(2018) [31]

Police
Insomnia (ISI), EDS (ESS), 

OSA (AHI, PSG)
7/5/6

31.8/22.7/ 
27.3

Age, gender, marital 
status, work experience

NA

Pirrallo et al. 
(2012) [32]

EMTs EDS (ESS) 466 35.7
Age, gender, marital 

status, work experience
NA

Rajaratnam et al. 
(2011) [33]

Police
Insomnia (AIS), EDS (ESS)/
OSA (BQ)/SWD (SWDSQ)/
RLS (RLSEST-Q)/narcolepsy

281/589/1666/ 
269/70/16

6.5/31.6/33.6/ 
14.5/1.6/0.4

Age, gender, marital 
status, work experience

Depression, anxiety, 
DM

Savall et al. 
(2021) [34]

Firefighters
Insomnia (ISI), EDS (ESS), 

OSA (STOP-BANG)
36/53/3 18.8/27.7/1.3

Age, gender, marital 
status, work experience

NA

Shi et al.,  
(2021) [35]

Firefighters EDS (ESS) 112 41.8
Age, gender, marital 

status, work experience
Depression, anxiety, 

PTSD
Sofianopoulos et 
al. (2020) [36]

Paramedics EDS (ESS), OSA (BQ) 18/13 30.0/21.7
Age, gender, marital 

status, work experience
NA

Sunderram et al. 
(2018) [37]

EMS personnel OSA (BQ) 451 75.0
Age, gender, marital 

status, work experience
Depression, anxiety, 

PTSD, DM, GERD, CVD
Tsehay et al. 
(2021) [38]

Police Insomnia (ISI) 61 15.8
Age, gender, marital 

status, work experience
NA

Webber et al. 
(2011) [39]

EMS personnel OSA (BQ) 1735 36.5
Age, gender, marital 

status, work experience
PTSD, GERD

Yadav et al. 
(2015) [40]

Police EDS (ESS) 33 38.8
Age, gender, marital 

status, work experience
NA

AHI – Apnea-Hypopnea index, AIS – Athens Insomnia Scale, BQ – Berlin Questionnaire, CVD – cardiovascular disease, DM – diabetes mellitus, EDS – exces-
sive daytime sleepiness, ESS – Epworth Sleepiness Scale, GERD – gastroesophageal reflux disease, ICSD-2 – International Classification of Sleep Disorders – 2nd 
Edition, ISI – Insomnia Severity Index, ISS – Insomnia Symptom Scale, N – number, NA – not available, OSA – obstructive sleep apnoea, PTSD – post-traumatic 
stress disorder, PSG – polysomnography, RLS – restless leg syndrome, RLSESTQ – Restless Leg Syndrome Epidemiology, Symptoms and Treatment Question-
naire, STOP-BANG questionnaire – snoring, tiredness, observed apnoea, blood pressure, body mass index, age, neck size, gender questionnaire, SWD – shift 
work disorder, SWDSQ – Shift Work Disorder Screening Questionnaire
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Prevalence of excessive daytime sleepiness among first responders

The pooled prevalence of EDS among first responders for medical emergencies was estimated at 28% (95% 
CI = 24%-33%). We observed statistical heterogeneity among the included studies (Q = 975.41, τ2 = 0.1715, 
I2 = 96%; P = 0.01) (Figure 2, Table 3, Figure S4 in the Online Supplementary Document). The Egger re-
gression co-efficient was 1.35 (t-value = 0.52, P = 0.614) and the funnel plot showed no evidence of publication 
bias (Figure S9 in the Online Supplementary Document).

Prevalence of restless leg syndrome among first responders

The pooled prevalence of RLS among first responders for medical emergencies was estimated at 2% (95% 
CI = 1%-4%). We found statistical heterogeneity among the included studies (Q = 33.90, τ2 = 0.1347, I2 = 97% 
(P = 0.01) (Figure 2, Table 3, Figure S5 in the Online Supplementary Document).

Table 3. Prevalence of sleep disorders and associated comorbidities

Sleep disorders n Prevalence  
(95% CI) N

Heterogeneity
I2 τ2 P

SWD 5 31% (15%-53%) 9117 99% 1.0802 <0.01

OSA 13 30% (18%-46%) 70 687 100% 1.5367 <0.0001

Insomnia 15 28% (19%-39%) 38 518 100% 1.2234 <0.0001

EDS 14 28% (24%-33%) 7905 96% 0.1715 <0.01

RLS 2 2% (1%-4%) 11 231 97% 0.1347 <0.01

Narcolepsy 2 1% (0%-5%) 4434 95% 1.1393 <0.01

Associated comorbidities OR (95% CI) N I2 τ2 P

OSA

Anxiety 2 2.46 (1.99-3.03) 11 890 0% 0.0000 0.447

CVD 2 2.03 (1.43-2.88) 11 890 0% 0.0000 0.896

DM 2 1.91 (1.41-2.65) 11 890 0% 0.0000 0.689

Depression 4 1.89 (1.01-3.56) 63 640 97% 0.3870 <0.0001

GERD 6 1.83 (1.50-2.22) 11 150 48% 0.0220 0.084

PTSD 2 1.78 (1.33-2.39) 5557 42% 0.0240 0.188

Insomnia

Depression 2 9.74 (4.67-20.3) 10 955 93% 0.3910 <0.0001

Anxiety 2 9.22 (3.81-22.3) 10 955 94% 0.5720 <0.0001

PTSD 3 7.13 (6.27-8.10) 20 743 19% 0.0030 0.291

CI – confidence interval, CVD – cardiovascular disease, DM – diabetes mellitus, EDS – excessive daytime sleepiness, GERD – gastroesoph-
ageal reflux disease, n – number of studies, N – sample size, OR – odds ratio, OSA – obstructive sleep apnoea, PTSD – post-traumatic 
stress disorder, RLS – restless leg syndrome, SWD – shift work disorder

Figure 2. Prevalence of sleep disorders among first responders.

Prevalence of insomnia among 
first responders

The pooled prevalence of insomnia among 
first responders for medical emergencies 
was estimated at 28% (95% CI = 19%-
39%). We observed statistical heterogene-
ity among the included studies (Q = 599.64, 
τ2 = 1.2234, I2 = 100%; P = 0.0001) (Fig-
ure 2, Table 3, Figure S3 in the Online 
Supplementary Document). The Egger 
regression co-efficient was 13.7 (t-val-
ue = 3.66, P = 0.002) and the funnel plot 
showed evidence of publication bias (Fig-
ure S8 in the Online Supplementary Doc-
ument).
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Prevalence of narcolepsy among first responders

The pooled prevalence of narcolepsy among first responders for medical emergencies was estimated at 1% (95% 
CI = 0%-5%). We found statistical heterogeneity among the included studies (Q = 12.93, τ2 = 1.1393, I2 = 95%; 
P = 0.01) (Figure 2, Table 3, Figure S6 in the Online Supplementary Document).

Associated comorbidities for OSA and insomnia

We found that first responders with OSA were more likely to be at risk of developing anxiety, depression, CVD, 
DM, GERD, and PTSD compared to first responders without OSA. Regarding mental disorders, first respond-
ers with OSA were more likely to be at risk of developing anxiety (OR = 2.46, 95% CI = 1.99-3.03), depres-
sion (OR = 1.89, 95% CI = 1.01-3.56), and PTSD (OR = 1.78, 95% CI = 1.33-2.39) compared to first responders 
without OSA. Regarding physical diseases, first responders with OSA were more likely to be at risk of develop-
ing CVD (OR = 2.03, 95% CI = 1.43-2.88), DM (OR = 1.93, 95% CI = 1.41-2.65), and GERD (OR = 1.83, 95% 
CI = 1.50-2.22) were more likely at risk of OSA compared to first responders without OSA.

We also found that first responders with insomnia were more likely to be at risk of developing depression, 
anxiety, and PTSD compared to first responders without insomnia. Regarding mental disorders, first respond-
ers with insomnia were more likely at risk of developing depression (OR = 9.74, 95% CI = 4.67-20.3), anxi-
ety (OR = 9.22, 95% CI = 3.81-22.3), and PTSD (OR = 7.13, 95% CI = 6.27-8.10) compared to first responders 
without insomnia (Table 2).

Results of the moderator analysis for OSA, insomnia, and EDS

The results of meta-regression and sub-group analysis for the prevalence of OSA demonstrated that age and 
continent were significant moderator variables, while first responders, study quality, sample size, study de-
sign, country status, and year of publication were not. Regarding age (P = 0.049), the study findings show a 
significant 14% increase in the prevalence of OSA among first responders for medical emergencies. Regard-
ing continent (P = 0.049), studies conducted in America found a higher prevalence of OSA (48%) compared 
to those conducted in Asia (24) and Europe (9%). Regarding year of publication (P = 0.160), studies that were 
conducted before 2020 found a prevalence of 39% compared to a prevalence of 20% found by studies con-
ducted after 2020.

The results of meta-regression and sub-group analysis for the prevalence of insomnia revealed that male percent-
age, first responders, continent, study quality, sample size, and year of publication were significant moderator 
variables while age, female percentage, country status, and year of publication were not significant moderator 
variables. Regarding male percentage (P = 0.010), the study findings reveal a 1% decrease in the prevalence of 
insomnia among first responders for medical emergencies. Regarding continent (P = 0.097), studies conduct-
ed in America found a higher prevalence of insomnia (31%) compared to Asia (27%), Europe (19%), and 
Africa (16%). Regarding, study quality (P = 0.0001), moderate risk studies found a prevalence of 34% for in-
somnia compared to 11% found in low-risk studies. Regarding sample size (P = 0.089), studies with sample 
sizes <500 found a prevalence of 37% for insomnia, while studies with sample sizes ≥500 found a prevalence 
of 21%. Studies that used a prospective cohort design found a prevalence of 6% for insomnia compared to a 
prevalence of 30% found by studies using a cross-sectional design. Regarding year of publication (P = 0.013), 
studies conducted before 2020 found a prevalence of 36% for insomnia compared to a prevalence of 14% 
found by studies conducted after 2020.

The results of meta-regression and sub-group analysis for the prevalence of EDS revealed that male percent-
age and continent were significant moderator variables while age, first responders, female percentage, study 
quality, sample size, country status, and assessment tool were not. Regarding male percentage (P = 0.049), the 
study findings reveal a 1% decrease in the prevalence of EDS among first responders for medical emergencies. 
Regarding continent (P = 0.0001), studies conducted in America found a higher prevalence of EDS (36%) com-
pared to Asia (26) and Europe (21%). Regarding year of (P = 0.445), studies that were conducted before 2020 
found a prevalence of 28% for EDS compared to a prevalence of 31% in studies conducted after 2020 (Table 
S4 in the Online Supplementary Document).

DISCUSSION
Prevalence and associated comorbidities of sleep disorders among first responders

To our knowledge, this is the first meta-analysis to provide comprehensive evidence on the prevalence of sleep 
disorders (including SWD, OSA, insomnia, EDS, RLS, and narcolepsy) and their associated comorbidities 
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among first responders for medical emergencies. The current study findings show that a considerable number 
of first responders suffer from SWD (31%), OSA (30%), insomnia (28%), and EDS (28%) compared to RLS 
(2%) and narcolepsy (1%). Moreover, first responders with OSA were more likely to develop anxiety, depres-
sion, CVD, DM, GERD, and PTSD while first responders with insomnia were more likely to develop depres-
sion, anxiety, and PTSD. Furthermore, the study findings show that age, gender, first responders, continent, 
study quality, and study design for OSA, insomnia, and EDS could partially explain the variation among the 
included studies.

Our findings show similar prevalence rates of sleep disturbances among first responders to that among oth-
er healthcare workers, including physicians, nurses, and allied health professionals [48,49] and higher prev-
alence rates compared to those of the general population [50]. Qiu et al. [48] revealed that the pooled prev-
alence of sleep disturbances was estimated at 39% among Chinese health professionals while Xia et al. [49] 
showed that the pooled prevalence of sleep disturbances among Chinese doctors and nurses and doctors was 
35% and 43%, respectively. Sleep and the timing of sleep are regulated by the circadian rhythms and sleep 
homeostasis process through the regulation of cortisol and melatonin levels, with cortisol levels in shift work-
ers being higher during sleep and lower when awake compared to levels in regular daytime workers [51,52]. 
Shift workers’ melatonin levels are lower during sleep compared to those of regular daytime workers, and the 
hormonal imbalance between cortisol and melatonin levels leads to the development of sleep problems in shift 
workers, including first responders. As such, first responders (owing to the nature of their jobs with 24-hour 
shifts) are likely to have high prevalence rates of sleep problems including SWD, OSA, insomnia, and EDS as 
observed in the current meta-analysis. Thus, early assessment of sleep disorders among first responders is cru-
cial to provide appropriate interventions that can help to prevent development of physical and mental prob-
lems including anxiety, CVD, DM, depression, GERD, and PTSD. Additionally, we suggest efficient allocation 
of shifts among first responders to help maintain good and quality sleep leading to better regulation of the 
circadian rhythm and sleep homeostasis process preventing development of sleep disorders including SWD, 
OSA, insomnia, EDS, RLS, and narcolepsy.

The current meta-analysis found that OSA was associated with risk of anxiety, CVD, DM, depression, GERD, 
and PTSD, while insomnia was associated with risk of depression, anxiety, and PTSD. These findings agree 
with those of previous studies that found that sleep disturbances 8including insomnia and OSA) were associ-
ated with high risk of diabetes mellitus, obesity CVD, hypertension, stroke, depression, and anxiety [53,54]. 
Shift work and irregular work schedules have been associated with the disturbance of the circadian rhythm 
and sleep function [7,55]. Moreover, the disturbance of circadian rhythm has been associated with high risk 
of mental health problems (including anxiety, depression, and PTSD, CVD, DM) and gastrointestinal problems 
(including GERD) [55]. As such, the likelihood of developing physical and mental health problems (including 
anxiety, CVD, DM, depression, GERD, and PTSD) among first responders with sleep disorders is high. Thus, 
increased efforts among first responders for medical emergencies should be taken to examine associated co-
morbidities of sleep disorders including mental health problems (including anxiety, depression, and PTSD, 
CVD, DM) and gastrointestinal problems (including GERD). Moreover, management of these comorbidities 
and ensuring and maintaining good and quality sleep among first responders is crucial for improving their 
quality of life and productivity. Furthermore, some of the included studies did not use adjusted models of the 
associated comorbidities of sleep disorders, which may likely underestimate or overestimate these associations; 
no causal links could be established, so future high quality observational studies with detailed demographic 
and occupational characteristics are needed to clarify these associations.

The current findings revealed that significant moderator variables for OSA, insomnia, and EDS were age, gen-
der, first responders, continent, study quality, and study design. We also found an increase in the prevalence 
of OSA with increased age. Evidence suggests that the prevalence of OSA increases with age until the age of 65 
years [56]. Therefore, a high prevalence of OSA among these first responders can be expected, as responders 
in most included studies had an average age of between 30 and 40 years. Gender differences were observed, 
as male participants demonstrated a decreasing prevalence of insomnia and EDS. Previous study findings have 
shown that women have a higher risk for insomnia and EDS compared to men [57,58]. Moreover, greater gen-
der disparity has been observed between men and women, as more research on sleep has been conducted in 
men and the current meta-analysis had 82 840 males compared to 8,872 females. More research in women is 
needed to clarify this association. Regarding continents, studies conducted in America demonstrated to have 
higher prevalence of OSA, insomnia, and EDS, followed by Asia and the Europe. The possible explanation of 
these observed rates could be due to regional culture differences on sleep pattern, socio-economic status, and 
limited number of studies included in the current meta-analysis. Interestingly, we did not find any difference 
in the prevalence rates of OSA, insomnia, and EDS when we compared the country status using high-income 
and middle-income countries.
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This meta-analysis has several strengths. It is the first to provide comprehensive evidence on the prevalence of 
sleep disorders (including SWD, OSA, insomnia, EDS, RLS, and narcolepsy) among first responders for med-
ical emergencies. The included studies were not limited by year of publication or language, and we included 
studies that used validated assessment tools. Standard reporting for research transparency and study integrity 
followed the MOOSE guidelines and study protocol registration in PROSPERO. However, some limitations 
should be considered. First responders (including EMS personnel, firefighters, and police) play different roles 
when providing pre-hospital medical services, which may likely impact their work schedules and disturbance 
of their normal sleep habits. Second, most of the included studies used a cross-sectional design, so no causal 
relationship could be determined as regarding associated comorbidities for OSA and insomnia. Third, statistical 
heterogeneity in the prevalence estimates of SWD, OSA, insomnia, EDS, RLS, and narcolepsy was observed, 
and moderator analysis was conducted to explore and explain the sources of heterogeneity. Additionally, the 
observed differences in the prevalence rates could be attributed to the use of different objective and subjective 
assessment tools when examining sleep disorders. As such, establishing standard protocols using validated as-
sessment tools for examining sleep disorders among first responders for medical emergencies is necessary to 
ensure accurate and early detection of the sleep disorders.

CONCLUSIONS
The current meta-analysis provides comprehensive evidence that the prevalence of sleep disorders is 31% for 
SWD, 30% for OSA, 28% for insomnia and EDS, 2% for RLS, and 1% for narcolepsy. Anxiety, depression, 
CVD, DM, GERD, and PTSD were associated comorbidities for OSA and insomnia. Furthermore, significant 
moderator variables for OSA, insomnia, and EDS were age, gender, first responders, continent, study quality, 
study design, and assessment tool. Early assessment and management of sleep disorders among first respond-
ers for medical emergencies is necessary to promote mechanisms to improve good and quality sleep to help 
prevent anxiety, depression, CVD, DM, GERD, and PTSD.

Acknowledgements: We acknowledge the support by the Community Elderly Health Care Foundation, TMU.

Funding: We received no funding for this study.

Authorship contributions: GH and KJB contributed to the literature search. GH, KRC, and KJB contributed to data col-
lection, data analysis, and visualization. GH and KJB wrote the original draft. GH and KRC contributed to validation and 
editing of the manuscript. TYL, LCP, HJJ, RC, DL, and STSH contributed to validation and review of the manuscript. GH 
and KRC contributed to conceptualization and supervision.

Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the 
corresponding author) and declare no relevant interests.

Additional material:
Online Supplementary Document

RE
FE

RE
N

C
E

S

 1  Ramar K, Malhotra RK, Carden KA, Martin JL, Abbasi-Feinberg F, Aurora RN, et al. Sleep is essential to health: an American 
Academy of Sleep Medicine position statement. J Clin Sleep Med. 2021;17:2115-9. Medline:34170250 doi:10.5664/jcsm.9476

 2  Mukherjee S, Patel SR, Kales SN, Ayas NT, Strohl KP, Gozal D, et al. An official American Thoracic Society statement: the 
importance of healthy sleep. Recommendations and future priorities. Am J Respir Crit Care Med. 2015;191:1450-8. Med-
line:26075423 doi:10.1164/rccm.201504-0767ST

 3  Miller MA. The role of sleep and sleep disorders in the development, diagnosis, and management of neurocognitive disorders. 
Front Neurol. 2015;6:224. Medline:26557104 doi:10.3389/fneur.2015.00224

 4  Medic G, Wille M, Hemels ME. Short-and long-term health consequences of sleep disruption. Nat Sci Sleep. 2017;9:151. Med-
line:28579842 doi:10.2147/NSS.S134864

 5  Peterson DF. The Dangers of Sleep Deprivation. Firefighter Health. 2016:56-60.
 6  Elliot D, Kuehl KS. Effects of sleep deprivation on fire fighters and EMS responders: International Association of Fire Chiefs;2007.
 7  Benedek DM, Fullerton C, Ursano RJ. First responders: mental health consequences of natural and human-made disasters 

for public health and public safety workers. Annu Rev Public Health. 2007;28:55. Medline:17367284 doi:10.1146/annurev.
publhealth.28.021406.144037

 8  Lowery A, Cassidy T. Health and well-being of first responders: The role of psychological capital, self-compassion, social sup-
port, relationship satisfaction, and physical activity. J Workplace Behav Health. 2022;37:87-105. doi:10.1080/15555240.20
21.1990776

 9  Ganesan S, Magee M, Stone JE, Mulhall MD, Collins A, Howard ME, et al. The impact of shift work on sleep, alertness and 
performance in healthcare workers. Sci Rep. 2019;9:4635. Medline:30874565 doi:10.1038/s41598-019-40914-x

https://jogh.org/documents/2022/jogh-12-04092-s001.pdf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34170250&dopt=Abstract
https://doi.org/10.5664/jcsm.9476
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26075423&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26075423&dopt=Abstract
https://doi.org/10.1164/rccm.201504-0767ST
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26557104&dopt=Abstract
https://doi.org/10.3389/fneur.2015.00224
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28579842&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28579842&dopt=Abstract
https://doi.org/10.2147/NSS.S134864
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17367284&dopt=Abstract
https://doi.org/10.1146/annurev.publhealth.28.021406.144037
https://doi.org/10.1146/annurev.publhealth.28.021406.144037
https://doi.org/10.1080/15555240.2021.1990776
https://doi.org/10.1080/15555240.2021.1990776
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30874565&dopt=Abstract
https://doi.org/10.1038/s41598-019-40914-x


Prevalence of sleep disorders: A meta-analysis

V
IE

W
PO

IN
TS

PA
PE

RS

www.jogh.org • doi: 10.7189/jogh.12.04092 11 2022  •  Vol. 12  •  04092

10  Bukhari MA, Alghtani MA, Sultan Z, Aljohani AA, Alhazmi IH. Diagnosis and treatment of sleep disorders: A brief review. Int. 
J. Med. Dev. Ctries. 2021;5:364-9. doi:10.24911/IJMDC.51-1604917632

11  Jones S. Describing the mental health profile of first responders: A systematic review. J Am Psychiatr Nurses Assoc. 2017;23:200-
14. Medline:28445653 doi:10.1177/1078390317695266

12  Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-analysis of observational studies in epidemi-
ology: a proposal for reporting. JAMA. 2000;283:2008-12. Medline:10789670 doi:10.1001/jama.283.15.2008

13  Angehrn A, Sapach M, Ricciardelli R, MacPhee RS, Anderson GS, Carleton RN. Sleep Quality and Mental Disorder Symptoms 
among Canadian Public Safety Personnel. Int J Environ Res Public Health. 2020;17:2708. Medline:32326489 doi:10.3390/
ijerph17082708

14  Barger LK, Rajaratnam SM, Wang W, O’Brien CS, Sullivan JP, Qadri S, et al. Common sleep disorders increase risk of motor 
vehicle crashes and adverse health outcomes in firefighters. Journal of clinical sleep medicine: JCSM: official publication of the 
American Academy of Sleep Medicine. 2015;11(3):233-40. Medline:25580602 doi:10.5664/jcsm.4534

15  Cramm H, Richmond R, Jamshidi L, Edgelow M, Groll D, Ricciardelli R, et al. Mental Health of Canadian Firefighters: The Im-
pact of Sleep. Int J Environ Res Public Health. 2021;18:13256. Medline:34948864 doi:10.3390/ijerph182413256

16  Fernandez AR. An assessment of the relationship between emergency medical services work-life characteristics, sleepiness, and 
the report of adverse events: ProQuest Information & Learning; 2012.

17  Garbarino S, De Carli F, Nobili L, Mascialino B, Squarcia S, Penco MA, et al. Sleepiness and sleep disorders in shift workers: a 
study on a group of italian police officers. Sleep. 2002;25:648-53. Medline:12224843

18  Garbarino S, Magnavita N. Sleep problems are a strong predictor of stress-related metabolic changes in police officers. A pro-
spective study. PLoS One. 2019;14:e0224259. Medline:31639178 doi:10.1371/journal.pone.0224259

19  Glaser MS, Shah N, Webber MP, Zeig-Owens R, Jaber N, Appel DW, et al. Obstructive sleep apnea and World Trade Cen-
ter exposure. J Occup Environ Med. 2014;56 (Suppl 10):S30-4. Medline:25285973 doi:10.1097/JOM.0000000000000283

20  Haddock CK, Poston WS, Jitnarin N, Jahnke SA. Excessive daytime sleepiness in firefighters in the central United States. J Oc-
cup Environ Med. 2013;55:416-23. Medline:23532194 doi:10.1097/JOM.0b013e31827cbb0b

21  Hendrickson RC, Slevin RA, Hoerster KD, Chang BP, Sano E, McCall CA, et al. The Impact of the COVID-19 Pandemic on 
Mental Health, Occupational Functioning, and Professional Retention Among Health Care Workers and First Responders. J 
Gen Intern Med. 2022;37:397-408. Medline:34918181 doi:10.1007/s11606-021-07252-z

22  Jang TW, Jeong KS, Ahn YS, Choi KS. The relationship between the pattern of shift work and sleep disturbances in Korean fire-
fighters. Int Arch Occup Environ Health. 2020;93:391-8. Medline:31768636 doi:10.1007/s00420-019-01496-3

23  Khan WAA, Conduit R, Kennedy GA, Jackson ML. The relationship between shift-work, sleep, and mental health among para-
medics in Australia. Sleep Health. 2020;6:330-7. Medline:32223969 doi:10.1016/j.sleh.2019.12.002

24  Khan WAA, Conduit R, Kennedy GA, Abdullah Alslamah A, Ahmad Alsuwayeh M, Jackson ML. Sleep and Mental Health 
among Paramedics from Australia and Saudi Arabia: A Comparison Study. Clocks Sleep. 2020;2:246-57. Medline:33089203 
doi:10.3390/clockssleep2020019

25  Kim JI, Park H, Min B, Oh S, Lee JH, Kim JH. The mediation effect of depression and alcohol use disorders on the association 
between post-traumatic stress disorder and obstructive sleep apnea risk in 51,149 Korean firefighters: PTSD and OSA in Ko-
rean firefighters. J Affect Disord. 2021;292:189-96. Medline:34126310 doi:10.1016/j.jad.2021.05.077

26  Klawe JJ, Laudencka A, Miśkowiec I, Tafil-Klawe M. Occurrence of obstructive sleep apnea in a group of shift worked po-
lice officers. Journal of physiology and pharmacology: an official journal of the Polish Physiological Society. 2005;56 Sup-
pl4:115-17. Medline:16204784

27  Kwak K, Kim BK, Jang TW, Sim CS, Ahn YS, Choi KS, et al. Association between Shift Work and Neurocognitive Function 
among Firefighters in South Korea: A Prospective Before-After Study. Int J Environ Res Public Health. 2020;17:4647. Med-
line:32605225 doi:10.3390/ijerph17134647

28  Lim M, Jeong KS, Oh SS, Koh SB, Chang SJ, Ahn YS. Effects of Occupational and Leisure-Time Physical Activities on Insom-
nia in Korean Firefighters. Int J Environ Res Public Health. 2020;17:5397. Medline:32727051 doi:10.3390/ijerph17155397

29  Pan M, Ou Q, Chen B, Hong Z, Liu H. Risk factors for obstructive sleep apnea-related hypertension in police officers in South-
ern China. J Thorac Dis. 2019;11:4169-78. Medline:31737300 doi:10.21037/jtd.2019.09.83

30  Pazmiño Erazo EE, Alvear Velásquez MJ, Saltos Chávez IG, Pazmiño Pullas DE. Factors associated with psychiatric adverse 
effects in healthcare personnel during the COVID-19 pandemic in Ecuador. Revista Colombiana de psiquiatria (English ed). 
2021;50(3):166-175.

31  Pinto JD, Perin C, Dick NRM, Lazzarotto AR. Sleep Assessment in a Group of Elite Military Police Officers. Acta Paul Enferm. 
2018;31:153-61. doi:10.1590/1982-0194201800023

32  Pirrallo RG, Loomis CC, Levine R, Woodson BT. The prevalence of sleep problems in emergency medical technicians. Sleep & 
breathing = Schlaf & Atmung. 2012;16(1):149-62. Medline:21210230 doi:10.1007/s11325-010-0467-8

33  Rajaratnam SM, Barger LK, Lockley SW, Shea SA, Wang W, Landrigan CP, et al. Sleep disorders, health, and safety in police 
officers. JAMA. 2011;306:2567-78. Medline:22187276 doi:10.1001/jama.2011.1851

34  Savall A, Marcoux P, Charles R, Trombert B, Roche F, Berger M. Sleep quality and sleep disturbances among volunteer and profes-
sional French firefighters: FIRESLEEP study. Sleep Med. 2021;80:228-35. Medline:33610069 doi:10.1016/j.sleep.2021.01.041

35  Shi Y, Bender B, McGovern P, Jung EM, DeMoulin D, Jacobs S, et al. Daytime sleepiness among Midwestern firefighters. Arch 
Environ Occup Health. 2021;76:433-40. Medline:33138730 doi:10.1080/19338244.2020.1841718

36  Sofianopoulos S, Williams B, Archer F, Thompson B. The exploration of physical fatigue, sleep and depression in paramedics: 
a pilot study. Australasian Journal of Paramedicine. 2011;9. doi:10.33151/ajp.9.1.37

RE
FE

RE
N

C
E

S

https://doi.org/10.24911/IJMDC.51-1604917632
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28445653&dopt=Abstract
https://doi.org/10.1177/1078390317695266
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10789670&dopt=Abstract
https://doi.org/10.1001/jama.283.15.2008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32326489&dopt=Abstract
https://doi.org/10.3390/ijerph17082708
https://doi.org/10.3390/ijerph17082708
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25580602&dopt=Abstract
https://doi.org/10.5664/jcsm.4534
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34948864&dopt=Abstract
https://doi.org/10.3390/ijerph182413256
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12224843&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31639178&dopt=Abstract
https://doi.org/10.1371/journal.pone.0224259
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25285973&dopt=Abstract
https://doi.org/10.1097/JOM.0000000000000283
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23532194&dopt=Abstract
https://doi.org/10.1097/JOM.0b013e31827cbb0b
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34918181&dopt=Abstract
https://doi.org/10.1007/s11606-021-07252-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31768636&dopt=Abstract
https://doi.org/10.1007/s00420-019-01496-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32223969&dopt=Abstract
https://doi.org/10.1016/j.sleh.2019.12.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33089203&dopt=Abstract
https://doi.org/10.3390/clockssleep2020019
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34126310&dopt=Abstract
https://doi.org/10.1016/j.jad.2021.05.077
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204784&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32605225&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32605225&dopt=Abstract
https://doi.org/10.3390/ijerph17134647
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32727051&dopt=Abstract
https://doi.org/10.3390/ijerph17155397
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31737300&dopt=Abstract
https://doi.org/10.21037/jtd.2019.09.83
https://doi.org/10.1590/1982-0194201800023
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21210230&dopt=Abstract
https://doi.org/10.1007/s11325-010-0467-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22187276&dopt=Abstract
https://doi.org/10.1001/jama.2011.1851
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33610069&dopt=Abstract
https://doi.org/10.1016/j.sleep.2021.01.041
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33138730&dopt=Abstract
https://doi.org/10.1080/19338244.2020.1841718
https://doi.org/10.33151/ajp.9.1.37


Huang et al.
V

IE
W

PO
IN

TS
PA

PE
RS

2022  •  Vol. 12  •  04092 12 www.jogh.org •  doi: 10.7189/jogh.12.04092

37  Sunderram J, Weintraub M, Black K, Alimokhtari S, Twumasi A, Sanders H, et al. Chronic Rhinosinusitis Is an Indepen-
dent Risk Factor for OSA in World Trade Center Responders. Chest. 2019;155:375-83. Medline:30739642 doi:10.1016/j.
chest.2018.10.015

38  Tsehay M, Necho M, Gelaye H, Beyene A, Birkie M. Generalized Anxiety Disorder, Depressive Symptoms, and Sleep Problem 
During COVID-19 Outbreak in Ethiopia Among Police Officers: A Cross-Sectional Survey. Front Psychol. 2021;12:713954. 
Medline:34566792 doi:10.3389/fpsyg.2021.713954

39  Webber MP, Lee R, Soo J, Gustave J, Hall CB, Kelly K, et al. Prevalence and incidence of high risk for obstructive sleep apnea 
in World Trade Center-exposed rescue/recovery workers. Sleep & breathing = Schlaf & Atmung. 2011;15(3):283-94. Med-
line:20593281 doi:10.1007/s11325-010-0379-7

40  Yadav A, Rani S, Singh S. Working “out-of-phase” with reference to chronotype compromises sleep quality in police officers. 
Chronobiol Int. 2016;33:151-60. Medline:26785837 doi:10.3109/07420528.2015.1121876

41  Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing risk of bias in prevalence studies: modification of an ex-
isting tool and evidence of interrater agreement. J Clin Epidemiol. 2012;65:934-9. Medline:22742910 doi:10.1016/j.jcline-
pi.2011.11.014

42  Lin L, Chu H. Meta-analysis of proportions using generalized linear mixed models. Epidemiology. 2020;31:713-7. Med-
line:32657954 doi:10.1097/EDE.0000000000001232

43  Team RC. R: A language and environment for statistical computing. 2013.
44  Huedo-Medina TB, Sánchez-Meca J, Marin-Martinez F, Botella J. Assessing heterogeneity in meta-analysis: Q statistic or I2 in-

dex? Psychol Methods. 2006;11:193. Medline:16784338 doi:10.1037/1082-989X.11.2.193
45  Sterne JA, Sutton AJ, Ioannidis JP, Terrin N, Jones DR, Lau J, et al. Recommendations for examining and interpreting funnel 

plot asymmetry in meta-analyses of randomised controlled trials. BMJ. 2011;343:d4002. Medline:21784880 doi:10.1136/
bmj.d4002

46  Borenstein M, Rothstein H. Comprehensive Meta-Analysis [Computer software]. Engelwood, NJ: Biostat. 2006.
47  Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ. 2003;327:557-60. Med-

line:12958120 doi:10.1136/bmj.327.7414.557
48  Qiu D, Yu Y, Li RQ, Li YL, Xiao SY. Prevalence of sleep disturbances in Chinese healthcare professionals: a systematic review 

and meta-analysis. Sleep Med. 2020;67:258-66. Medline:31040078 doi:10.1016/j.sleep.2019.01.047
49  Xia L, Chen C, Liu Z, Luo X, Guo C, Liu Z, et al. Prevalence of sleep disturbances and sleep quality in Chinese healthcare 

workers during the COVID-19 pandemic: a systematic review and meta-analysis. Front Psychiatry. 2021;12:646342. Med-
line:33679493 doi:10.3389/fpsyt.2021.646342

50  Ohayon MM. Epidemiological overview of sleep disorders in the general population. Sleep Med Res. 2011;2:1-9. doi:10.17241/
smr.2011.2.1.1

51  Boivin DB, Tremblay GM, James FO. Working on atypical schedules. Sleep Med. 2007;8:578-89. Medline:17481949 
doi:10.1016/j.sleep.2007.03.015

52  Yun S, Kim M, Lee W-T, Yoon J-H, Won J-U. Irregular work hours and the risk of sleep disturbance among Korean service 
workers required to suppress emotion. Int J Environ Res Public Health. 2021;18:1517. Medline:33562866 doi:10.3390/
ijerph18041517

53  Salari N, Khazaie H, Hosseinian-Far A, Ghasemi H, Mohammadi M, Shohaimi S, et al. The prevalence of sleep disturbances 
among physicians and nurses facing the COVID-19 patients: a systematic review and meta-analysis. Global Health. 2020;16:92. 
Medline:32993696

54  Jolley RJ, Liang Z, Peng M, Pendharkar SR, Tsai W, Chen G, et al. Identifying cases of sleep disorders through International Clas-
sification of Diseases (ICD) codes in administrative data. Int J Popul Data Sci. 2018;3:448. Medline:32935008 doi:10.23889/
ijpds.v3i1.448

55  Jehan S, Zizi F, Pandi-Perumal SR, Myers AK, Auguste E, Jean-Louis G, et al. Shift work and sleep: medical implications and 
management. Sleep Med Disord. 2017;1:00008. Medline:29517053

56  Fietze I, Laharnar N, Obst A, Ewert R, Felix SB, Garcia C, et al. Prevalence and association analysis of obstructive sleep apnea 
with gender and age differences – Results of SHIP – Trend. J Sleep Res. 2019;28:e12770. Medline:30272383 doi:10.1111/
jsr.12770

57  Mallampalli MP, Carter CL. Exploring sex and gender differences in sleep health: a Society for Women’s Health Research Re-
port. J Womens Health (Larchmt). 2014;23:553-62. Medline:24956068 doi:10.1089/jwh.2014.4816

58  Doi Y, Minowa M. Gender differences in excessive daytime sleepiness among Japanese workers. Soc Sci Med. 2003;56:883-
94. Medline:12560020 doi:10.1016/S0277-9536(02)00089-8

RE
FE

RE
N

C
E

S

https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30739642&dopt=Abstract
https://doi.org/10.1016/j.chest.2018.10.015
https://doi.org/10.1016/j.chest.2018.10.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34566792&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34566792&dopt=Abstract
https://doi.org/10.3389/fpsyg.2021.713954
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20593281&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20593281&dopt=Abstract
https://doi.org/10.1007/s11325-010-0379-7
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26785837&dopt=Abstract
https://doi.org/10.3109/07420528.2015.1121876
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22742910&dopt=Abstract
https://doi.org/10.1016/j.jclinepi.2011.11.014
https://doi.org/10.1016/j.jclinepi.2011.11.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32657954&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32657954&dopt=Abstract
https://doi.org/10.1097/EDE.0000000000001232
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16784338&dopt=Abstract
https://doi.org/10.1037/1082-989X.11.2.193
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21784880&dopt=Abstract
https://doi.org/10.1136/bmj.d4002
https://doi.org/10.1136/bmj.d4002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12958120&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12958120&dopt=Abstract
https://doi.org/10.1136/bmj.327.7414.557
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31040078&dopt=Abstract
https://doi.org/10.1016/j.sleep.2019.01.047
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33679493&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33679493&dopt=Abstract
https://doi.org/10.3389/fpsyt.2021.646342
https://doi.org/10.17241/smr.2011.2.1.1
https://doi.org/10.17241/smr.2011.2.1.1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17481949&dopt=Abstract
https://doi.org/10.1016/j.sleep.2007.03.015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33562866&dopt=Abstract
https://doi.org/10.3390/ijerph18041517
https://doi.org/10.3390/ijerph18041517
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32993696&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32993696&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32935008&dopt=Abstract
https://doi.org/10.23889/ijpds.v3i1.448
https://doi.org/10.23889/ijpds.v3i1.448
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29517053&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30272383&dopt=Abstract
https://doi.org/10.1111/jsr.12770
https://doi.org/10.1111/jsr.12770
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24956068&dopt=Abstract
https://doi.org/10.1089/jwh.2014.4816
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12560020&dopt=Abstract
https://doi.org/10.1016/S0277-9536(02)00089-8

