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Abstract
Objective/background Insufficient sleep can have fatal consequences, and up to 30% of motor vehicle accidents (MVAs) are
related to driving when drowsy. The objective of this study was to investigate how sleep quality and excessive daytime sleepiness
(EDS) affect falling asleep while driving and sleep-related MVAs/near-misses.
Participants/methods A population-wide sample of Saudi adults was surveyed. The questionnaire gathered data on sleep quality,
EDS (Epworth Sleepiness Scale), and episodes of falling asleep while driving and sleep-related MVAs/near-misses in the
previous year. Univariable and multivariable analyses were used to assess associations.
Results A total of 19% (902/3802) and 10% (474/4229) of respondents had fallen asleep while driving or had a sleep-related
MVA/near-miss in the preceding year, respectively. Being male, married, having a shorter sleep duration, being an office worker,
having poor subjective sleep quality, and having moderate or severe EDS were associated with an increased risk of having fallen
asleep while driving in the previous year. Younger age, male gender, having worse subjective sleep quality [OR 2.11 (95% CI
1.36–3.29); p < 0.0001 for “very bad” sleep quality], and having moderate or severe EDS [ESS ≥ 13; OR 1.90 (95% CI 1.38–
2.60); p < 0.0001 and OR 2.39 (95% CI 1.56–3.67); p < 0.0001, respectively] were associated with having had/nearly had an
accident due to being tired or falling asleep while driving in the previous year.
Conclusions Sleepy driving and sleep-related accidents/near-misses are common in Saudi Arabia, and sleep quality and EDS
contribute to the burden ofMVAs. Further efforts are required to quantify the contribution of sleepiness toMVAs to develop and
prioritize interventions to prevent MVA-related injuries and death.
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Introduction

Attaining good quality sleep is essential for mental and phys-
ical well-being [1]. It is also essential for maintaining the
attention, recall, reaction times, hand-eye coordination, and
vigilance required to safely execute complex tasks such as
driving. Excessive daytime sleepiness (EDS) can be defined
as the subjective or objective inclination to sleep when
intending to be awake [2], and it affects up to a third of indi-
viduals depending on its definition and how it is measured [3].

Driving while feeling sleepy or fatigued is a major cause of
motor vehicle accidents (MVAs) [4–7], with up to a third of
fatal accidents thought to involve sleepy drivers [8]. MVAs
are a leading cause of death and disability in every country and
incur huge societal and financial burdens, with Saudi Arabia
witnessing particularly high MVA fatalities of nearly 20
deaths per day from over half a million traffic accidents annu-
ally [9, 10]. Despite being a high-income country, the estimat-
ed road traffic death rate in Saudi Arabia (28.8 per 100,000
population) is as high as low-income countries (27.5 per
100,000) and much higher than middle- (19.2 per 100,000)
or other high-income countries (8.3 per 100,000) [11].
Furthermore, MVAs disproportionately affect younger indi-
viduals, with 72.7% occurring in the 30–49-year age
group [12]. MVAs are therefore a “neglected epidemic”
[12], and efforts are clearly required to identify the
causes of, and provide interventions to prevent, MVAs
in Saudi Arabia and other countries.
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Although several studies have examined predictors of
sleep-related MVAs in specific groups such as individuals
with obstructive sleep apnea [13, 14] and professional drivers
(e.g., truck drivers) [15, 16], there are few population-level
studies on the relationship between EDS and sleep-related
MVAs. Furthermore, few studies have specifically examined
the contribution of subjective sleep quality on driving out-
comes in large populations. This study therefore examined if
sleep quality and EDS affect falling asleep while driving and
sleep-related MVAs/near-misses through a population-wide
survey of adults in Saudi Arabia.

Methods

Population and study survey

This cross-sectional study was conducted online between
November 6, 2019, and December 6, 2019, as previously
reported [17]. Briefly, participants aged 18 years and older
were randomly selected from the Saudi Telecom Company
database, which covers all 13 Saudi provinces, and invited
to participate by e-mail and telephone. Participants were in-
formed of the research purpose and the investigator details.
Each participant provided electronic consent.

Study questionnaire

The study survey was designed to establish how sleep quality
and EDS impact social functioning and a range of outcomes not
limited to falling asleep while driving and sleep-related
MVAs/near-misses, such as occupational outcomes, as described
elsewhere [17]. Briefly, the questionnaire (see the
“Supplementary information” section) was administered in
Arabic and assessed as follows: (i) demographics (gender, age,
height, weight, marital status, type of work (manual/office)); (ii)
sleep quality (subjective assessment of sleep quality, sleep laten-
cy, sleep duration, sleep efficiency (proportion of time spent
asleep while in bed, expressed as a percentage)); (iii) the
Epworth sleepiness scale (ESS; validated Arabic version [18]),
subcategorized as per [19] into 0–10 normal daytime sleepiness,
11–12 mild excessive daytime sleepiness, 13–15 moderate ex-
cessive daytime sleepiness, 16–24 severe excessive daytime
sleepiness; and (iv) whether the respondent had ever fallen asleep
while driving a vehicle or had ever had an accident or a near
accident due to falling asleep or being too tired while driving.

Statistical analysis

Student’s t test was used to assess differences between continuous
variables and the chi-squared test was used to assess differences
between categorical variables. Parameters with p values < 0.25 in
univariate analysis were selected 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 [20, 21]. There were no strong intercorre-
lations between variables. Adjusted odds ratios were calculated
with 95% confidence intervals (CIs). A p value of < 0.05 was
considered statistically significant. All analyses were performed
using SPSS Statistics v24 (IBM Statistics, Armonk NY).

Results

Respondent characteristics

Four thousand seven hundred eight (47%) of the 10,106 re-
spondents were drivers. The demographics and sleep quality/
daytime sleepiness of the driving population are presented in
Table 1. Driving respondents were an average of 32.3 (SD ±
11.3) years old. The average BMI was 29.5 (SD ± 7.8) kg/m2.
About half of respondents were married, 47%were single, 2%
were divorced, and 0.2% were widowed. A total of 16% had
taken sleeping medication in the month before the survey,
although the majority (12%) who had taken sleeping medica-
tion had taken it infrequently. Overall, 19% (902/3802) and
10% (474/4229) of respondents reported having fallen asleep,
even briefly, while driving a vehicle or had an accident or
near-miss due to sleepiness or falling asleep in the preceding
year, respectively.

Prevalence of sleep quality parameters and daytime
sleepiness

Overall, sleep quality was poor in the study population, with
29.0% and 9.5% of respondents reporting “fairly bad” or “very
bad” sleep quality. Respondents slept an average of 6.5 h (SD±
1.96) each night with an average sleep efficiency of 82.6% (SD
± 27.9%). A majority (58.8%) of respondents reported at least
mild EDS, and the average ESS was 7.6 (SD ± 4.4) (Table 1).

Univariable analysis of demographics, sleep quality,
EDS, and sleep-related driving outcomes

In univariable analysis, older individuals (p < 0.0001), men
(p < 0.0001), individuals with a higher BMI (p < 0.0001),
singletons (p < 0.0001), shorter sleep duration (p < 0.0001),
worse sleep efficiency (p = 0.003), and higher ESS (p <
0.0001) were associated with having fallen asleep while driv-
ing in the previous year. With respect to having had/
nearly had an accident due to being tired or falling
asleep while driving in the previous year, younger indi-
viduals (p = 0.01), men (p < 0.0001), use of sleeping
medications (p = 0.01), poorer subjective sleep quality
(p < 0.0001), and higher ESS (p < 0.0001) were associ-
ated with a negative outcome (Table 1).
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Multivariable analysis of demographics, sleep quality,
EDS, and sleep-related driving outcomes

In multivariable analysis (Table 1), being female [OR 0.14 (95%
CI 0.09–0.22); p < 0.0001], single [OR 0.70 (95% CI 0.56–
2.11); p = 0.002], taking longer to fall asleep [OR 0.62 (95%
CI 0.46–0.85; p = 0.007 for > 30 min sleep latency], and having
a shorter sleep duration [OR 0.91 (95% CI 0.84–0.97); p =
0.007] were associated with a reduced odds of having fallen
asleep while driving in the previous year while being an office
worker [OR 1.58 (95%CI 1.15–2.17; p = 0.004], having fairly or
very bad sleep quality [OR 1.36 (95% CI 1.04–1.78); p = 0.03
and OR 1.54 (95% CI 1.09–2.18); p = 0.02, respectively], and
having moderate or severe EDS [OR 2.46 (95% CI 1.92–3.16);
p < 0.0001 and OR 2.36 (95% CI 1.64–3.42); p < 0.0001, re-
spectively] were associated with an increased odds of having
fallen asleep while driving in the previous year. With respect to
having had/nearly had an accident due to being tired or falling
asleep while driving in the previous year, younger age [OR 0.98
(95% CI 0.97–0.99); p = 0.001], being male [OR 0.20 (95% CI
0.13–0.33); p < 0.0001], having worse subjective sleep quality
[OR 2.11 (95% CI 1.36–3.29); p < 0.0001 for “very bad” sleep
quality], and having moderate or severe EDS [OR 1.90 (95% CI
1.38–2.60); p < 0.0001 and OR 2.39 (95% CI 1.56–3.67); p <
0.0001] were associated with a negative outcome.

Discussion

Insufficient sleep can have fatal consequences, and up to 30%
of MVAs are related to drowsy driving [8]. This study shows
that sleep dysfunction in Saudi Arabia is highly prevalent:
sleep quality was “fairly” or “very bad” in 39% of respon-
dents, and 13% had moderate or severe EDS. The average
sleep duration of the sample was six and a half hours, less
than reported in the Australian 2016 Sleep Health
Foundation National Survey (7 h; [22]) and under the 7–9 h
recommended by the National Sleep Foundation [23].

Overall, approximately 20% and 10% of respondents re-
ported having fallen asleep, even briefly, while driving a ve-
hicle or having had an accident or near-miss due to sleepiness
or falling asleep while driving in the preceding year. These
data corroborate data from other nationwide or population-
level surveys. In their study of 4774 drivers in France,
Sagaspe et al. [7] found that 28% of drivers experienced at
least one episode of severe sleepiness while driving, and ap-
proximately 5% had a near-miss or actual driving accident
associated with sleepiness in the previous year. In a smaller
study of 1219 (non-professional) drivers interviewed in the
waiting rooms of bus stations, train stations, and hospitals in
Saudi Arabia, 25.2% of respondents had fallen asleep at the
wheel in the preceding 6 months and 7.4% self-reported hav-
ing an accident caused by sleepiness [10]. In a large US survey

of 150,000 drivers in 19 states and the District of Columbia,
4.2% reported having fallen asleep while driving during the
previous 30 days [8]. Despite differences in methodologies
and populations, a significant proportion of the population
admits to falling asleep while driving or sleepiness contribut-
ing to an MVA. Given that drivers may feel reluctant to admit
dangerous behavior or having been involved in sleep-related
accidents, these figures may well be an underestimate.

Several attempts have been made to identify risk factors for
falling asleep while driving or sleep-related MVAs, but the data
are heterogeneous. In the current cohort, the vast majority of
drivers were male (86.5%), with women only having been
allowed to drive in Saudi Arabia since June 2018. Despite this
potential source of bias, beingmalewas the strongest predictor of
both falling asleep while driving (OR 0.14 (95% CI 0.09–0.22);
p < 0.0001 for women compared to men) and having an accident
or near miss while driving (OR 0.20 (95% CI 0.13–0.33); p <
0.0001 for women compared to men), consistent with previous
studies [5, 7, 24], although the magnitude of effect seen in the
current study might suggest that the relatively new cohort of
female Saudi drivers might be extremely cautious. Although
other studies have reported younger age as an independent risk
factor for sleepiness while driving [7, 25] or sleep-related MVAs
[10], in our cohort the risk associated with younger age and
sleep-related MVAs or near misses was extremely small (OR
0.98), perhaps due to the age of the population, which, although
representative, was young; approximately 30% of the Saudi pop-
ulation is in the young age group (between 15 and 29 years old)
[10]. Consistent with a study of 4097 drivers in Tokyo, we sim-
ilarly detected that shorter sleep duration was associated with an
increased risk of falling asleep while driving [24], but a shorter
sleep duration was not associated with sleep-relatedMVAs/near-
misses. Similarly, sleep latency was protective against fall-
ing asleep while driving (OR 0.62 for > 30 min to fall
asleep) and was not associated with sleep-related MVAs/
near misses. This finding was surprising given that insom-
nia, where difficulty falling asleep is one of the cardinal
symptoms [26], is usually associated with an increased risk
of MVAs and other unintentional fatal injuries [15].
However, insomnia was not formally assessed in the current
study (i.e., to include difficulty maintaining sleep and early
morning wakening), which might explain the conflicting
findings. Nevertheless, these differences in risk factors be-
tween falling asleep while driving and actual accidents
highlight that while falling asleep at the wheel is a known
risk factor for MVAs [4–7], occurrences of falling asleep
while driving far outnumber MVAs and the factors that
govern these processes are different and multifactorial.

However, sleepiness asmeasured by the ESSwas consistently
associated with falling asleep while driving and sleep-related
MVAs/near misses, with the effect proportional to EDS severity
and an ESS ≥ 16 associated with an ~ 2.5-fold increased risk of
both outcomes. In this sample, 58.8% of respondents reported at
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least mild EDS and 13.2%moderate or severe EDS. The data on
EDS and sleep-related MVAs are conflicting. Several studies
have similarly detected independent associations between EDS
as measured by the ESS and sleepy driving accidents in both the
general driving population [25, 27] and in professional truck
drivers [16]. For example, Philip et al. [25] similarly detected
an ordered relationship between ESS scores and the risk of
sleep-driving accidents; similar to here, individuals with an
ESS between 11 and 15 had a 2.2-fold risk of a sleep-driving
accident and thosewith an ESS ≥ 15 a fivefold risk of an accident
in adjusted models. Powell et al. [27] also found that ESS was
independently associated with near-misses or actual accidents,
with a one-unit increase in ESS conferring a 4.4% increase in
having at least one accident. Other studies have failed to detect
this association [7, 10, 28–30]. However, three of these investi-
gationswere case-control studies inwhich caseswere individuals
receiving treatment having been in an accident [28, 29], so
drivers were identifiable, involved in the immediate aftermath
of the accident, and may have therefore been less willing to be
honest about predisposing factors for fear of blame. The current
study was not subject to such bias, since respondents were anon-
ymous. Another possible reason for these differences might in-
clude the different timeframes over which events were reported
(6 months to 3 years) [7, 10], and in contrast to these studies not
detecting an association between EDS and falling asleep while
driving/MVA-related accidents, the current population had a
much higher prevalence of EDS, improving the statistical power
to detect an effect. Subjective sleep quality conferred a 1.36–
1.54-fold risk of falling asleep at the wheel and a 1.60–2.11-fold
risk of sleep-relatedMVAs/near-misses, increasingwith severity.

Few studies have investigated the impact of subjective sleep
quality onMVAs. However, Philip et al. [30] examined subjective
sleep quality using a case-control methodology of hospitalized
drivers and control drivers and found a 3.35-fold risk of having
had an accident in individuals reporting pretty bad/very bad sleep
quality in the preceding 3months. In their study of 339 high school
student drivers, Pizza et al. similarly reported a 1.9-fold risk of
having had a crash in individuals reporting bad sleep quality
[31]. With respect to falling asleep while driving, Abe et al. [24]
similarly found that subjective insufficiency of nocturnal sleepwas
independently associated with falling asleep while driving.

Like any self-reporting cross-sectional survey study, it had a
number of important limitations, and causality cannot be inferred.
Since respondents were selected from an online panel, there may
have been selection bias, not least from those experiencing sleep
problems. Individuals can overestimate how long it takes to get to
sleep and underestimate how long they have been asleep [32];
furthermore, the responses to sleep and driving questions were
self-reported and may have been subject to recall bias. There
may also have been responder bias, since prospective participants
were told about the purpose of the research. Nevertheless, the
median age of respondents (29 years vs. 30.0 years) and high
prevalence of obesity (BMI ≥ 30; 32% vs. 44.6%) are consistent

with Saudi Arabian sociodemographic data [33], increasing confi-
dence that the survey represents the wider population. As noted
above, the unique situation in Saudi Arabia of women only recent-
ly having been permitted to drivemeant that menwere significant-
ly overrepresented, introducing some bias; however, this also pro-
vides some insights into the currentminimal contribution of female
drivers to MVAs in Saudi Arabia. Furthermore, near misses and
actual accidents were not explicitly differentiated. The ESS en-
quires about an individual’s propensity to fall asleep in different
scenarios (e.g., while watching television) in the “present or recent
past”, while the survey questionnaire asked respondents to consid-
er their driving over the previous year, whichmay have introduced
recall bias. However, the ESS has been shown to have good levels
of internal consistency when tested and re-tested in sleepy drivers
over a 3-year period [34]. The answers to the ESS are subjective
and although the instrument is well validated, it may not reflect
objective measures of sleepiness [35].

Nevertheless, this is the largest population-based analysis of
associations between sleep factors and sleepy driving in Saudi
Arabia, and the first data to include female drivers in Saudi
Arabia. Sleepy driving and sleep-related accidents/near-misses
are common in Saudi Arabia. The data show that, in addition to
demographic factors, EDSwas consistently associatedwith falling
asleep while driving and a history of a sleep-related accident or
near miss. Further efforts are required to quantify the contribution
of sleepiness to MVAs to develop and prioritize interventions to
prevent MVA-related injuries and death. Road safety campaigns
must encourage drivers to practice good sleep hygiene at all times.
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