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: 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, T2, and the statistics were used to as-
sess heterogeneity and the moderator analysis was conducted
to identify moderator variables.

Results Twenty-eight studies with 100080 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% Cl=15%-53%) for shift work disor-
der (SWD), 30% (95% Cl=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% Cl=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;
05% Cl=1.43-2.88), diabetes mellitus (DM) (OR=1.93;
95% Cl=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.
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. 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. :

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 bodys 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
amonyg 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
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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).

Identification of studies via other methods
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(= 67)
(n= 566)

Records excluded (n = 853), with reasons:
| Records screened by title/abstract (n = 931) "
1. Unrelated to topic studies (n=372)
2. Non-relevant population studies (n=235)
3. Review studies (n=111)
o 4. Non-observational studies (o= 135)
4
g .
3 Records excluded (n = 53), with reasons:
‘ Records assessed for eligibility (n = 78) J 1. Nosleep disorders  (n=25) Records assessed for eligibility (n=0) P Records excluded (n=0), with reasons:
2. U idated tools (n=3) 1. Duplicate publication (n=0)
3. Unavailable full text (n= 8) 2. Outcome interested not being measured (n = 0)
4. Noproportiondata (n= 8) 3. Insufficient data (n = 0)
5. Similar data (n= 6)
Records included in met: lysis (n = 28)
Insomnia (n=15)
2 EDS (n=14)
3 OSA (n=13)
S SWD (= 5)
=l (RLS (= 2)
Narcolepsy = 2)

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
(ISD, 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

MEAN AGE  SAMPLE SIZE GENDER (N) STUDY
AUTHOR (YEAR) COUNTRY (VEARS) (N) TS - STUDY DESIGN QUALITY
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 (x1.1) 187 NA NA 187 Cross-sectional 7-M
Jang et al. (2020) [22] South Korea 40.0 0,738 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 441 (£12.1) 83 83 NA NA Cross-sectional 7-M
Khan et al. (2020) [24] Saudi Arabia 390.1 (+12.1) 104 104 NA NA Cross-sectional 7-M
Kim et al. (2021) [25] South Korea 40.7 (¢9.6) 51149 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
Panetal., (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 (x11.5) 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 (x7.4) 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 (x0.6) 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 O 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 X? test using Cochran’s
Q, T, and P statistics (P<0.10) [42,44] indicating low (<25%), moderate (225% to <75%), and high (275%)
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 (Cls) was used in CMA to estimate the pooled OR for associated comorbidities
(anxiety, depression, CVD, DM, GERD, and PTSD) for OSA and insomnia.

PAPERS

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 101080 first responders for medical
emergencies including police, EMS personnel, firefighters, and paramedics. Among the 101 080 first respond-
ers, 82840 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, t*=1.0802,
P=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, 12=1.5367,
P=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
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Angehrn et al. Par;(r)rlliigcs, Insomnia (IS1) 418/678/1424 60.0/53.0/ Age, gender, mar_ital NA
(2020) [13] firefighters 55.6 status, work experience
Barger et al. Firefighters Insomnia (AIS), OSA (BQ), 416/1969/ 6.0/28.4/ Age, gender, mar}tal Depression, anxiety,
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(erglljg“ﬁz]e‘ 2l EMS personnel EDS (ESS) 394 376 Stﬁi %Ve;fzx‘;:r?gce NA
o sal Police EDS (ES9) 243 190 e NA
v b Police EDS (ESS) 2 178 e B Zxr;earrii;fce NA
(Gzlgslj)e[tlaglj Firefighters OSA (AHI, PSG) 514 80.8 StaAt%eS: %fgfﬁ;g:;;f}ce GERD
g%cgcé 85 al Firefighters EDS (ESS) 125 27.4 Stilgfs” %vegflix?:r?;lce NA
SR o wemaGs w0 name s
Jé%gz S 3[‘12'2] Firefighters Insomnia (ISI) 883 9.0 Stﬁi %Vegi‘ixfg:;ﬁlce Depressli%rslbanxiety,
g;)a;O?[;lj] Paramedics (]I;ézinsmwi?)(I(SSI\)fgfg]S)é)(,EIfaSr)c’oCl)e%iy S6/34/41/67/5 331)/1/92%/04—/0 staAtnges: %s:)lfllf Zxr;)learrii:}ce NA
Sy rwmetcs SemAGRINES) s JORY Mweenmd w
Shidy o DamBOOERES) wewmn ey Jmedued
leg;; le 5] Firefighters OSA (BQ) 8,236 16.1 st:ﬁies,, %::’ g;jgzxr;:;ietilce Depression
S vk osamrsg : s e W
é\g;lé)e [[;;‘] Firefighters Insomnia (IST) 166 472 st:t%les,, %Ve glif?xr;:rriifce NA
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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 — 2™
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 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,
T2=1.2234, P=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
SWD Insomnia Narcolepsy showed evidence of publication bias (Fig-

[mPrevakencex[ 51 28 BEENEN . SSin the Online Supplementary Doc-
SLEEP DISORDERS
ument).
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Figure 2. Prevalence of sleep disorders among first responders.

Table 3. Prevalence of sleep disorders and associated comorbidities

PREVALENCE N HETEROGENEITY

SLEEP DISORDERS N (95% Cl) P o P
SWD 5 31% (15%-53%) 9117 99% 1.0802 <0.01
OSA 13 30% (18%-46%) 70687 100% 1.5367 <0.0001
Insomnia 15 28% (19%-39%) 38518 100% 1.2234 <0.0001
EDS 14 28% (24%-33%) 7905 96% 0.1715 <0.01
RLS 2 2% (1%-4%) 11231 97% 0.1347 <0.01
Narcolepsy 2 1% (0%-5%) 4434 95% 1.1393 <0.01
Associated comorbidities OR (95% CI) N P T P
OSA

Anxiety 2 246 (1.99-3.03) 11890 0% 0.0000 0.447
CVD 2 2.03(1.43-2.88) 11890 0% 0.0000 0.896
DM 2 1.91(1.41-2.65) 11890 0% 0.0000 0.689
Depression 4 1.89 (1.01-3.56) 63640 97% 0.3870 <0.0001
GERD 6 1.83(1.50-2.22) 11150 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) 10955 93% 0.3910 <0.0001
Anxiety 2 9.22(3.81-22.3) 10955 94% 0.5720 <0.0001
PTSD 3 7.13 (6.27-8.10) 20743 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

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, t?=0.1715,
F=96%; P=0.01) (Figure 2, Table 3, Figure $4 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, t*=0.1347, F=97%
(P=0.01) (Figure 2, Table 3, Figure S5 in the Online Supplementary Document).
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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, t2=1.1393, ?’=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
$4 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.

PAPERS

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 [50]. 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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