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Introduction: There are few population-level studies of the interactions between sleep
quality/excessive daytime sleepiness (EDS) and occupational behavior. Here, we investigated
the impact of sleep quality and EDS on occupational outcomes in a population-wide survey
of adults in Saudi Arabia.

Methods: A population-wide survey was administered to Saudi Arabian adults to assess
sleep quality, EDS was measured using the Epworth Sleepiness Scale (ESS), and sleep-
related absenteeism, sleep-related errors at work, and falling asleep at work in the preceding
three months. Associations were evaluated using univariate analyses and binary logistic
regression.

Results: A total of 10,106 individuals completed all or part of the survey, of whom 8617
(85.3%) were employed. Of these, 28.7% and 8.8% of respondents reported “fairly bad” or
“very bad” sleep quality in the preceding month. In binary logistic regression models, taking
sleep medications was associated with absenteeism (odds ratio (OR) 1.92, 95% confidence
intervals (CI) 1.67-2.22; p<0.001) and making errors at work (OR 1.89, 95% CI 1.62-2.20;
p<0.001) but not falling asleep at work, and poor subjective sleep quality was associated with
falling asleep at work (ORs 1.55, 95% CI 1.38-1.74; p<0.001). Severe EDS (ESS >16) was
strongly associated with falling asleep at work (OR 3.39, 95% CI 2.51-4.48; p<0.001).
Parameters associated with absenteeism, errors, and falling asleep at work were similar in
blue- and white-collar workers.

Discussion: This first population-wide study of sleep quality and EDS in Saudi Arabia
provides a comprehensive portrait of the prevalence of sleep problems and their effects on
occupational outcomes. Sleep-related absenteeism, work errors, and sleeping at work are
common, mandating tailored fatigue-reduction strategies in every workplace and reinvigora-
tion of public health messages on sleep.

Keywords: Epworth Sleepiness Scale, errors at work, excessive daytime sleepiness, sleep
hygiene

Introduction

Sleep is essential to human health, wellbeing, and daily functioning. High-quality
sleep is important for maintaining mental and physical health, both in the short and
long term.! Since sleep quality is associated with alertness and how we respond to
our environment, sleep quality is likely to have an impact on many aspects of
employee behavior within the workplace including absenteeism, error-making, and

alertness at work.? Insomnia-related absenteeism and accidents are known to
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represent a significant economic burden to the individual,
healthcare systems, and employers.® Clinical studies on the
occupational consequences of sleep quality have tended to
focus on specific reversible conditions such as obstructive
sleep apnea, since this is the commonest sleep disorder
affecting the general population,*® although the occupa-
tional impact of sleep disorders such as insomnia have also
been thoroughly investigated.® Economically driven stu-
dies have tended to explore the impact of shift work rather
than individual measures of sleep dysfunction on occupa-
tional outcomes such as absenteeism.®’

Although there is no standardized definition, excessive
daytime sleepiness (EDS) refers to the subjective or objec-
tive inclination or compulsion to sleep or nap when intend-
ing to be awake® While the prevalence of EDS in
community-based samples varies, EDS is common, affecting
anywhere between 3% and 38% of the population depending
on the definition of EDS and the methodology used.” In
community-based samples, EDS is associated with high
body mass index (BMI), diabetes mellitus, depression, and
reduced quality of life."™!" However, the majority of studies
examining the impact of EDS on occupational parameters
have focused on the relationships between EDS and specific
medical conditions such as obstructive sleep apnea,'”
narcolepsy,'> multiple sclerosis," and depression,® The rela-
tionship between EDS and occupational productivity is
rather less well characterized at the population level.

This study investigated the impact of sleep quality and
EDS on occupational outcomes by gathering data via
a population-wide survey of adults in Saudi Arabia.
Specifically, demographic parameters, sleep quality, and
EDS and their relationships with the occupational out-
comes of sleep-related absenteeism, sleep-related errors
made at work, and falling asleep at work were investi-
gated. This first population-wide evaluation of sleep qual-
ity, EDS, and occupational outcomes in Saudi Arabia not
only highlights the burden of sleep-related disorders
within the population but also that these problems contri-
bute to poor occupational functioning.

Methods
Population and Study Survey

This was a cross-sectional study of Saudi Arabian adults
aged 18 years and over conducted between November 6,
2019, and December 6, 2019. The national survey was
conducted online by a research and marketing organiza-
tion, targeting a large panel database of the Saudi

population randomly selected from organization panels
and invited to complete the survey. Participants were ran-
domly selected from the Saudi Telecom Company data-
base representing all thirteen Saudi provinces and
representing different age groups, gender, and location.
Invitations to participate included e-mail invitations and
telephone alerts. The purpose of the research was men-
tioned in the primary message along with the principal
investigator details. Electronic consent was obtained from
each participant before participation, and the IRB of Imam
Mohammad Ibn Saud Islamic University approved the
study protocol.

Study Questionnaire
The questionnaire (see Supplementary Information in
Supplementary Materials) was designed based on the

study objectives and previously published survey instru-
ments to assess: (i) study population demographics (gen-
der, age, height, weight, marital status, type of work
(manual/office), and whether or not sleeping medications
had been taken in the preceding month (never/several
days/>50% of days/nearly every day)); (ii) sleep quality
including subjective assessment of sleep quality (very
good, fairly good, fairly bad, very bad), sleep latency
(time taken before falling asleep), sleep duration (in
hours), and time going to bed or waking up on an average
working day to allow the calculation of sleep efficiency
(proportion of time spent asleep whilst in bed, expressed
as a percentage); (iii) Epworth sleepiness scale (ESS),
using a validated questionnaire consisting of eight items
that assesses the likelihood of falling asleep during
a variety of daily living situations (subcategorized into
0-10 normal daytime sleepiness, 11-12 mild excessive
daytime sleepiness, 13—15 moderate excessive daytime
sleepiness, 16-24 severe excessive daytime sleepiness;
where scores >11 were considered EDS);'* and (iv) effects
of sleep on employment including sleep-related absentee-
ism, making errors, and falling asleep at work over the
preceding three months. The questionnaire was adminis-
tered in Arabic, and the validated Arabic version of the
ESS was used.'’

Outcome Measures

Three outcomes were investigated and assessed: (i) miss-
ing work over the past three months due to sleepiness and/
or a sleep-related problem (yes/no); (ii) making errors at
work over the past three months due to sleepiness and/or
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a sleep-related problem (yes/no); and (iii) falling asleep at
work over the past three months (yes/no).

Statistical Analysis

Participant demographics were analyzed using descriptive
statistics with means (+standard deviation (SD)) for con-
tinuous variables and counts (with percentages) for cate-
gorical variables. For univariate analysis, differences
between continuous variables were assessed using
Student’s #-test and differences between categorical vari-
ables were assessed using the chi-squared test. Parameters
with p-values <0.25 in univariate analysis were used to
design the most appropriate binary logistic regression
model for each outcome variable, since lower p-value
thresholds such as 0.05 can fail to identify variables
known to be important.'®!” In binary logistic regression
models, sleeping medications, subjective sleep quality, and
sleep latency variables were binarized (sleeping medica-
tions: no use vs any use; subjective sleep quality: very
good and fairly good vs fairly bad and very bad; and sleep
latency: 0-29 minutes vs >30 minutes). For the outcomes
of sleep-related absenteeism and errors at work, only
demographic variables were input into binary logistic
regression models since sleep quality and EDS would be
expected to be related to these outcomes, whilst falling
asleep at work is not directly linked to sleep problems.
There were no strong intercorrelations between variables.
Odds ratios were calculated with 95% confidence intervals
(CIs). A p-value <0.05 was considered statistically signifi-
cant. All analyses were performed using IMS SPSS
Statistics v24 (IBM Statistics, Chicago, IL).

Results

Overall Population
A total of 10,106 individuals completed all or part of the
survey, of whom 8617 (85.3%) provided details of their
employment: 5648 (65.5%) of employed workers were
employed in office jobs (“white-collar workers”), 626
(7.3%) were manual workers (“blue-collar” workers),
while 2343 (27.2%) described themselves as unemployed.
The demographics of the employed survey respondents
are shown in Table 1. Of employed respondents, 55.3%
were male and 44.7% were female. The average age of
employed respondents was 30.5 (SD =+ 10.4) years, with an
average BMI of 27.4 (SD + 7.8) kg/m*. Of employed
respondents, 52.5% were single, 44.3% were married,
2.9% were divorced, and 0.2% were widowed. About

Table | Demographics of the Employed Survey Respondents

Variables Number | Percentage or
Mean tSD

Age (years) 6274 30.5 (10.4)
Gender Male 3489 55.3

Female 2817 44.7
BMI (kg/m?) 6264 27.4 (7.8)
Marital status | Married 2779 443

Divorced 185 29

Single 3295 52.5

Widowed 15 0.2
Type of Manual 626 10.0
employment

Office 5648 90.0
Sleeping Never 5544 85.1
medications

Several days 706 10.8

More than half | 152 2.3

of days

Nearly 114 1.7

every day

15% of respondents had taken some form of medication
to aid sleep in the preceding month, the majority of whom
(10.8%) had taken medication only infrequently.

Prevalence of Sleep Quality Parameters

and Daytime Sleepiness

With respect to sleep quality and daytime sleepiness (Table 2),
according to self-reported quality of sleep, the prevalence of
poor sleep quality was high in employed respondents, with
28.7% and 8.8% reporting “fairly bad” or “very bad” sleep
quality in the preceding month. Of employed respondents,
35.4% reported taking over 30 minutes to fall asleep. The
average sleep duration was 6.49 hours (SD + 2.03) and
average sleep efficiency was 85.1% (SD + 30.4%).
A majority (63.2%) of employed respondents reported at
least mild excessive daytime sleepiness (ESS >11), with
9.4% and 5.3% reporting moderate EDS (ESS 13-15) and
severe EDS (ESS >16), respectively.

Associations Between Demographic and
Sleep Parameters and Occupational

Outcomes
Almost all demographic and sleep variables were asso-
ciated with missing work, making errors at work, or falling

Nature and Science of Sleep 2020:12

submit your manuscript

877

Dove


http://www.dovepress.com
http://www.dovepress.com

AlShareef

Dove

Table 2 Prevalence of Sleep-Related Parameters in the Employed
Survey Respondents

Variables Number | Percentage
or Mean 1SD

Subjective sleep quality Very good 1216 15.7

Fairly good 3638 46.9

Fairly bad 2228 287

Very bad 681 88
Sleep latency 0-5 minutes 569 73

5-15 minutes 2114 27.2

15-30 minutes 2334 30.1

>30 minutes 2746 354
Sleep duration (h) 7763 6.49 (2.03)
Sleep efficiency (%) 7671 85.1 (30.4)
Epworth Sleepiness Scale | Normal 2805 36.1

Low 3813 49.1

Moderate 730 9.4

Severe 415 53

asleep at work in the preceding three months in univariate

analysis (Supplementary Table S1). Absenteeism, errors,

and falling asleep at work were associated with being
female, younger, having a lower BMI, being single, and
taking sleeping medications.

With respect to sleep quality parameters, individuals
reporting very/fairly bad sleep quality or more severe EDS
were more likely to fall asleep at work; sleep efficiency,
longer sleep duration, and longer sleep latency were not
associated with falling asleep at work. In particular, 84.4%
of individuals with severe EDS had fallen asleep at work
in the preceding three months.

Binary logistic regression models were constructed
to examine which demographic (sleep-related absentee-
ism, sleep-related errors, and falling asleep at work) or

sleep parameters (falling asleep at work) were asso-
ciated with occupational outcomes in the entire working
population (Figure 1 and Supplementary Table S2) and

in blue- and white-collar workers (Figure 2 and

Supplementary Table S2). Older individuals were more

likely to be absent, make errors, or fall asleep at work
due to sleep-related problems (all ORs 0.95-0.96;
p<0.001). Male, divorced, white-collar workers were
more likely to be absent but not make errors or fall
asleep at work. Taking sleeping medications was asso-
ciated with a ~1.9-fold risk of missing work and making
errors at work but not falling asleep at work.

With respect to sleep-related parameters, individuals
reporting fairly or very bad sleep quality were consis-
tently more likely to fall asleep at work (OR 1.55, 95%
CI 1.38-1.74; p<0.001). Excessive daytime sleepiness
was also associated with falling asleep at work, with
individuals with severe EDS having a 3.39-fold (95%
CI 2.51-4.58; p<0.001) risk compared to individuals
without EDS.

There was little difference in occupational outcomes
between blue- and white-collar workers (Figure 2 and
Supplementary Table S2). Younger age and taking sleep-

ing medications were associated with absenteeism and
making errors at work but not falling asleep at work in
both blue- and white-collar workers. In addition, blue- and
white-collar workers reporting very or fairly bad sleep
quality and moderate and severe EDS were more likely
to fall asleep at work.

Discussion

This study provides new data on the prevalence of sleep
quality and EDS in a large representative sample of the
adult Saudi Arabian population and their impact on

Missed Work Errors at Work Fell Asleep at Work
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Divorced- —a— Office Worker] ——i
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Figure | Binary logistic regression examining the associations between demographic and sleep parameters and missing work, making errors at work, or falling asleep at
work for the entire employed population. Reference categories are male for gender, married for marital status, manual worker for employment type, never took sleeping
medications for sleeping medications, good sleep quality for subjective sleep quality, 0—29 minutes for sleep latency, and normal for ESS. Points represent odds ratios (OR),

error bars represent 95% confidence intervals (Cl). *p < 0.05; ***p < 0.001.

Abbreviations: BMI, body mass index; SM, sleep medication; SQ, sleep quality; SL, sleep latency; ESS, Epworth Sleepiness Scale.
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Figure 2 Binary logistic regression examining the associations between demographic and sleep parameters and missing work, making errors at work, or falling asleep at
work for blue- and white-collar workers. Reference categories are male for gender, married for marital status, manual worker for employment type, never took sleeping
medications for sleeping medications, good sleep quality for subjective sleep quality, 0—29 minutes for sleep latency, and normal for ESS. Points represent odds ratios (OR),
error bars represent 95% confidence intervals (Cl). *p < 0.05; **p <0.01; **p < 0.001.

Abbreviations: BMI, body mass index; SM, sleep medication; SQ, sleep quality; SL, sleep latency; ESS, Epworth Sleepiness Scale.

occupational outcomes. Similar to other populations and
ethnicities, Saudi Arabia experiences a high burden of
sleep dysfunction: 37.5% of respondents self-reported
fairly or very bad sleep quality; 35.4% took over half
an hour to fall asleep; and 14.7% had moderate or severe
EDS. Although the relationships between demographics,
sleep and daytime sleepiness parameters, and sleep-related
occupational outcomes were complex, sleep-related para-
meters remained associated with falling asleep at work in
multivariate analyses. In particular, taking sleep medica-
tions was associated with absenteeism and making errors
at work and the subjective appreciation of poor-quality
sleep was strongly associated with falling asleep at work.
EDS was consistently and proportionately associated with
falling asleep at work, conferring up to a 3.4-fold risk of
falling asleep at work in individuals with severe EDS (ESS
>16). These effects were largely the same in blue- and
white-collar workers.

Occupational dysfunction is recognized as a conse-
quence of insomnia in the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV
(TR))'® and the International Classification of Sleep
Disorders Diagnostic and Coding Manual (ICSD-3)."? In
a review reporting associations between various insomnia
symptoms and definitions and their impact on a range of
job types, most studies reported significantly increased

absenteeism  in  individuals  reporting  insomnia
symptoms.® For instance, in a Swedish study of over two
thousand working-age adults, 7% and 13% of individuals
reporting subjective “good” and “poor” sleep reported
being off work in the previous week, respectively.'’
Although not directly comparable in terms of the defini-
tions used, 33.2% and 50.3% of the current sample were
absent due to sleep-related problems at some point over
the previous three months in individuals reporting very
good sleep quality vs those reporting very bad sleep qual-
ity, respectively. Similarly, in a cross-sectional survey of
5090 white-collar workers in Japan,?® the one-month point
prevalence of poor sleep quality defined using the
Pittsburgh Sleep Quality Index (PSQI) was 30-45%
depending on age and gender, similar to the 37.5% of
participants reporting fairly or very bad sleep quality
here, and 16.5% were absent from work in the preceding
month. Demographic parameters such as age and gender
were significantly associated with absenteeism, which is

a well-known association;*'*?

women, for example, have
much higher rates of sickness absence unrelated to the
menstrual cycle or pregnancies,”’ and our data show that
sleep-related absenteeism might also contribute to this
gender difference.

There are little data on the influence of sleep quality on
occupational parameters in the

general working
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population, with most studies concentrating on particular
workers such as nurses”® or shift-related work.?* In a study
of 1011 Australian adults completing the 2016 Sleep
Health Foundation Survey,”> 29% of respondents reported
making errors at work due to sleepiness or sleep problems
over the preceding month, similar to the 24% over the
previous three months reported here. Only ~17% of the
Australian sample had fallen asleep at work over the pre-
vious month, which compares to ~54% in the current
sample. The current study discovers some factors that
might influence making errors and falling asleep at work.
In particular, taking sleeping medications was associated
with making errors at work (OR 1.89, 95% CI 1.62-2.20;
p<0.001) but not falling asleep at work (OR 1.16, 95% CI
1.00-1.35; p=0.06) compared to those not taking any sleep
medications, and severe EDS was strongly associated with
falling asleep at work (OR 3.39, 95% CI 2.51-4.58;
p<0.001) compared to individuals without EDS. A follow-
on study from the 2016 Sleep Health Foundation Survey
similarly examined factors related to errors at work, with
younger age, financial stress, mental health problems, reg-
ular night or afternoon shifts, and work in the hour before
bed on three or more nights per week all significantly
associated in multivariate analysis.”® The current analysis
similarly found that younger age was associated with an
increased risk of sleep-related work errors. However,
while the Sleep Health Foundation Survey did not examine
sleeping medication use, the finding of an increased risk of
errors in frequent sleeping medication users is consistent
with factors beyond clinical sleep disorders influencing
errors at work and, given the psychotropic effects of
some sleeping tablets, this association may be causal.
However, it is also worth noting that sleeping tablet con-
sumption has been reported to be higher in individuals
reporting a bad atmosphere at work, men disinterested in
their jobs, or women working under time pressure, all of
whom were more likely to report sleep disturbances.*’ It
would have been useful to establish which specific sleep-
ing tablets were taken, since the residual (ie, daytime)
effects of different hypnotics (ie, antihistamines vs benzo-
diazepines) are radically different.”® Therefore, a more
granular study of the relationship between sleeping tablet
consumption, different types of sleeping tablets, and occu-
pational performance, including errors, is warranted.
EDS, as measured by the Epworth Sleepiness Scale,
was significantly associated with a greater risk of falling
asleep at work (OR 3.39, 95% CI 2.51-4.48; p<0.001).
Furthermore, this effect of EDS on falling asleep at work

was proportional to severity, with severe EDS (ESS >16)
conferring the greatest risk. It is perhaps unsurprising that
EDS is associated with falling asleep at work, which
provides some internal validation of our approach. This
study only examined absenteeism and work errors due to
sleepiness or sleep-related problems. However, in other
population-based samples examining sickness absenteeism
and making general errors at work, Ferguson et al reported
a three-times greater risk of errors at work in the previous
three months with ESS scores >11,%® while Reynolds et al
reported a 1.4-times risk of sickness absenteeism in their
sample of participants without diagnosed insomnia or
obstructive sleep apnea (OSA).>’ Conversely, Dean et al
did not detect any differences in a group of nearly two
thousand individuals without conditions in which EDS is
a common feature (OSA, narcolepsy, depression, and MS)

% sug-

but did within the co-morbid-enriched subgroup,’
gesting that co-morbid factors other than EDS might
have a greater influence on absenteeism.

There are little data on the relationships between sleep
quality and EDS and occupational outcomes between blue-
and white-collar workers, with the majority of studies
focusing on shift-workers alone. Doi et al reported the
impact and correlates

of poor sleep quality in

20

a population of Japanese white-collar employees™ and

found that poor sleep quality as assessed by the
Pittsburgh Sleep Quality Inventory (PSQI) was associated
with a higher odds of taking sick leave and accidents at
work, mirroring other data in general populations.
Mulgrew et al examined the impact of sleep apnea and
daytime sleepiness on work limitations and examined the
differences between blue- and white-collar workers, estab-
lishing that subjective sleepiness was significantly asso-
ciated with time management, mental-inter-personal, and
work output limitations for all workers regardless of their
industry of employment.>' The current analysis suggests
that the relationships between sleep, employment type, and
occupational outcomes are largely similar in blue- and
white-collar workers. Nevertheless, identifying the under-
lying causes of errors at work in blue-collar workers
employed in manual jobs such as on building sites is
particularly important, since these errors might result in
life-threatening injury, and here taking sleeping medica-
tions was associated with blue-collar errors at work (OR
2.01). Strategies aiming to reduce adverse sleep-related
outcomes in the workplace must be tailored towards the

specific occupational environment.
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Our study has a number of limitations. This was a self-
reporting survey, and many people tend to overestimate
sleep latency and underestimate total time asleep.’”
Nevertheless, self-reported poor sleep quality is associated

with morbidity and mortality outcomes,*>>¢

suggesting
that, despite the possibility of self-reporting error, this is
a valid parameter consistently associated with health out-
comes. However, this might also mean that any underlying
health conditions not assessed in the current study might
attenuate the reported findings. The available survey sam-
ple was from those enrolled in the online panel, and this
may have introduced selection bias. In addition, since the
purpose of the research was disclosed to prospective par-
ticipants, this might have resulted in responder bias.
Nevertheless, the male: female ratio (1.2:1 vs 1.3:1),
young median age of the sample (29 years vs 29.9
years), and high obesity prevalence (32% vs 35.4%) are
highly consistent with key sociodemographic statistics for
Saudi Arabia,®” increasing confidence that the survey is
representative of the wider population. Similar to the Sleep
Health Foundation Survey,”® a definition of “error at
work” was not provided, so respondents self-determined
what constituted an error at work, and not all errors at
work will be directly related to sleepiness or sleep issues
even if self-identified as such. Other confounders that
might affect sleepiness such as caffeine intake, shift
work, and comorbidities were not included in the analysis
and might reduce or abrogate these effects in progressively
adjusted outcome models.*®** As with all cross-sectional
studies, causality cannot be inferred.

Nevertheless, this is the first population-wide study of
sleep quality and EDS in Saudi Arabia and is one of the
largest cross-sectional population-based studies of its kind.
It therefore provides a comprehensive portrait of the pre-
valence of sleep problems and their effects on occupa-
tional outcomes in Saudi Arabia. Like in other countries,
there is a high burden of sleep-related dysfunction in Saudi
Arabia, which given its impact on health, waking function,
and short- and long-term wellbeing, constitutes a public
health priority. Sleep-related absenteeism, work errors, and
sleeping at work are common and reported by all workers,
mandating fatigue-reduction strategies in every workplace.
There is clearly a need for reinvigorated public health
messages on sleep and, given that our population readily
self-identified sleep-related occupational problems, aware-
ness and engagement initiatives are likely to be effective at
the population level.
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