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Introduction: Sleepy driving is associated with Motor Vehicles Accidents (MVAs). In Saudi Arabia, previous studies have addressed
this association among men only. Therefore, the aim of this study was to compare the prevalence of sleepy driving and associated
factors between genders.

Methods: In a cross-sectional study design, we offered a self-administered online questionnaire to 3272 participants from different
regions of Saudi Arabia. The questionnaire included 46 questions covering sociodemographics, driving habits, sleeping habits,
Epworth Sleepiness Scale, and Berlin questionnaire to assess the risk of sleep apnea. Univariable and multivariable logistic regression
analyses were used to determine the significant factors associated with self-reported sleepy driving, defined as operating a motor
vehicle while feeling sleepy in the preceding six months.

Results: Of the 3272 invitees, 2958 (90%) completed the questionnaire, of which 1414 (48%) were women. The prevalence of sleepy
driving in the preceding six months was 42% (men: 50% and women 32%, p<0.001). Specifically, participants reported the following:
12% had had to stop their vehicle due to sleepiness (men: 16.2% and women 7%, p<0.001), 12.4% reported near-miss accidents (men:
16.2% and women: 8.2%, p<0.001) and 4.2% reported an accident due to sleepiness (men: 4.3% and women: 4%, p=0.645). In
multivariable analysis, being male, younger age, use of any type of medications, shift working, working more than 12 hours per day,
driving duration of 3-5 hours per day, driving experience of more than 2 years, excessive daytime sleepiness and risk of having
obstructive sleep apnea were all associated with increased likelihood of falling asleep while driving in the preceding 6 months.
Conclusion: Sleepy driving and MVA are prevalent in both gender but was higher in men. Future public health initiatives should
particularly focus on men, since men reported a greater likelihood of both sleep-related MVA and “near miss” events.
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Introduction

Motor vehicle accidents (MVAs) are one of the leading causes of mortality globally; approximately 1.3 million people die
each year because of MVA. These accidents cost countries more than 3% of their gross domestic product (GDP)." In Saudi Arabia,
MVA was the fifth most common cause of death in 2019. The death rate associated with MVA in Saudi Arabia is 28 per 100.000
population; this is above the world average (17.4 per 100.000 population), and even above the average of low-income countries
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(24.1 per 100.000 population).” According to the Saudi Ministry of Health, there were 437,602 MVA in 2020; these MVA resulted
in 4618 deaths and 25,561 injuries.’

Sleepy driving is thought to contribute to approximately 20% of all MVA types globally.* ® Few studies have assessed
whether the prevalence of sleepy driving differs by gender, which was confirmed by a recent systematic review and meta-
analysis.” Locally, a prior study conducted in Saudi Arabia demonstrated that sleepiness was a contributor to 11.6% of all
MVAs.'"® However, since women were not legally permitted to drive in Saudi Arabia until 2018, sleepy driving has
hitherto mainly been assessed in men. However, in a population-based analysis, Al Shareef et al examined the association
between excessive daytime sleepiness and falling asleep while driving and found that the male gender was the strongest
predictor of drowsiness while driving.!" However, only 13% of his study participants were women. Furthermore, the
association between obstructive sleep apnea (OSA) and sleepy driving has been well documented in the literature,>'? but
the role of gender in this association has not been studied.’

Therefore, the aim of this study was to assess the gender differences in prevalence of sleepy driving and associated
factors, importantly factoring in the risk of having undiagnosed OSA, among both men and women in Saudi Arabia. We
also aimed to investigate the practices used to counter sleepiness while driving in both genders.

Methodology
Study Subjects

This was a cross-sectional study conducted between February and June 2022. Data collectors from each of the provinces
in Saudi Arabia were first identified. Then data collectors were asked to recruit, as much as possible, drivers of both
genders from their provinces. Participants were invited to take part in the study through either emails or other social
media invitations such as WhatsApp, Instagram, and Twitter, after the study purpose was explained. Participants were
requested to complete a self-administered online questionnaire available in Arabic or English, and participants could
complete either of them according to their preference. Exclusion criteria were an age <18 (the legal driving age) or >65
years old, a self-reported known diagnosis of a sleep disorder, or pregnancy.

The study was approved by the Research Ethic Committee (REC) of Imam Abdulrahman Bin Faisal University (IRB-
UGS-2022-03-050). Consent to participate was obtained electronically before the participants were permitted to proceed
to the study. The Helsinki principles were followed throughout the study.

Questionnaire

The questionnaire content was based on prior published studies.'®'*™'> The questionnaire consisted of 46 organized multiple-

choice questions, as listed below (see Figure S1). The time required to complete the questionnaire was approximately 10 minutes.
The following questions were included:

Ten questions assessed participants’ demographic data.

Two questions assessed participants’ work times and duration.

One question assessed if the participant had been diagnosed with any sleep disorders.
Twelve questions assessed participants’ sleep pattern and the usage of medications.

Four questions assessed participants’ driving habits.

Two questions assessed the presence and time of sleepy driving in the preceding six months.
One question assessed if participant had to stop the car because of sleepiness.

Sl B A A ol o

Three questions assessed the occurrence of sleep-related accidents, near-miss accidents, and any other causes of
driving accidents. Accident types were classified as minor: defined as one or multiple scratches in the vehicle with
injury not requiring medical attention or serious accident which led to hospitalization or death of either the driver
or one of the passengers.
9. Seven questions assessed the most frequently used techniques to counter sleepiness during driving, and the most
effective way according to the drivers.
10. Daytime sleepiness was assessed using the Epworth Sleepiness Scale (ESS).'
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11. Risk for obstructive sleep apnea was assessed using Berlin Questionnaire (BQ), all drivers included in the study
were asked to complete the Berlin questionnaire (BQ). The presence of at least three symptom categories indicates
a high likelihood of sleep disordered breathing.'

Sample Size Calculation

With an expected proportion of sleepy driving as 64.1%'° and absolute precision as 3%, the minimum required number
of subjects for this study was 982, where Type 1 error is fixed as 5%. Formula used n :w, where p=0.641 and
d=0.03. Hence, a sample size of a minimum of 1000 men and 1000 women was required for this study.

Statistical Analysis

Continuous variables were summarized as mean + standard deviation (SD) or median (IQR) according to the distribution of the
data, while categorical variables were summarized using frequency and percentage (%). The Chi-square test was used to assess the
significant association between categorical variables. In this study, we want to see the risk of occurrence of sleepy driving in male
compared to female. Therefore, we used first univariable model to find the significance, then perform the multivariable model.
Univariable and multivariable logistic regression analyses were used to assess significant factors associated with the outcome
variable sleepy driving. Variable with p values <0.05 in univariable analysis were selected to design the most appropriate
multivariable logistic regression model for each outcome variable. Adjusted odds ratios were presented with 95% confidence
intervals (CIs). Variables included in the model after relevant statistical tests were gender, age, use of any type of medications, shift
working, number of hours worked per day, driving duration per day, driving experience, excessive daytime sleepiness, and risk of
having obstructive sleep apnea. A clustered bar plot was presented for the graphical representation of the results. Results were
considered as statistically significant if P < 0.05. Data were analyzed using IBM SPSS Statistics 26 and StataSE 17.

Results

Out of 3272 who started the survey, 2958 (90%) participants completed it, of which 1414 (48%) were women, with no
difference in completion rate between men and women. Seventy-five percent of the participants were 18-34 years old,
presumably reflecting the recruitment strategy which relied on social media. The mean ESS score was 9.22 + 4.3. The
median (IQR) duration of driving per day of study participants was 3 hours (2—4 hours). Sleepy driving was mainly
reported between the time of 1200 and 1600. Surprisingly, 867 (29.3%) of the surveyed drivers did not possess a driving
license (11.5% men and 48.7% women).

Details of participants’ sociodemographic characteristics are presented in Table 1.

Table | Sociodemographic Characteristics of Study Participants
(N=2958)

Sociodemographic Characteristics n (%)

Age (years)

<25 1341 (45.3)

25-34 889 (30.1)

35-44 430 (14.5)

245 298 (10.1)
Gender

Male 1544 (52.2)

Female 1414 (47.8)

Occupation

Employed 1378 (46.6)

Unemployed 484 (16.4)

Student 1095 (37.0)
(Continued)
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Table | (Continued).

Sociodemographic Characteristics n (%)
Education
No schooling completed 600 (20.3)
Elementary/Middle school 1499 (50.6)
High school 231 (7.8)
Bachelors 550 (18.6)
Postgraduate 78 (2.7)
Body Mass Index
Underweight (BMI<18.5) 201 (6.8)
Normal (BMI= 18.5 to <25) 1434 (48.7)
Overweight (BMI= 25.0 to <30) 878 (29.8)
Obese (BMI>30.0) 434 (14.7)
Monthly income (SAR; | SAR=3.75 USD)
No income 785 (26.5)
<4000 793 (26.8)
4000-8000 468 (15.8)
8000-12,000 420 (14.2)
>12,000 492 (16.6)
How many hours do you sleep per night?
Less than 4 hours 158 (5.3)
4-6 hours 1611 (54.5)
7-9 hours 1056 (35.7)
More than 9 hours 133 (4.5)
How many hours do you work per day?
Less than 8 hours 925 (37.4)
8 hours 1056 (42.6)
8-12 hours 428 (17.3)
More than 12 hours 67 (2.7)
Are you a shift worker?
Yes 412 (32.9)
No 840 (67.1)
Driving license
Yes 2091 (70.7)
No 867 (29.3)
Women previously drove in other countries.
Yes 434 (30.7)
No 979 (69.3)
Duration of driving per day
Up to 2 hours 1302 (44.3)
3-5 hours 1371 (46.7)
>5 hours 265 (9.0)
Duration of driving experience
Less than one year 490 (16.6)
One year 329 (11.1)
Two years 393 (13.3)
Three years 285 (9.6)
More than three years 1461 (49.4)
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Gender Difference in Prevalence of Sleepy Driving, Near-Miss Accidents, and Actual

Accidents

The overall prevalence of sleepy driving in the preceding six months was 42% (men: 50% and women: 32%, p<0.001). In the
preceding six months, participants reported the following: 12% they had to stop their vehicle due to sleepiness (men: 16.2%
and women: 7%, p<0.001), 12.4% reported near-miss accidents (men: 16.2% and women: 8.2%, p<0.001) and 4.2% reported
that they were in an actual vehicle accident caused by sleepiness (men: 4.3% and women: 4%, p=0.645). Most of these
accidents were minor accidents (91.6%), compared to serious accidents (8.4%). The type of accident did not differ
significantly between genders.

Univariable and Multivariable Analysis of Factors Associated with Sleepy Driving

In univariable analysis, younger age [OR 1.77 (95% CI 1.05-2.99); p=0.032)] Being a male [OR 2.1 (95% CI 1.81-2.44);
p<0.001)], working 8 hours per day [OR 1.21 (95% CI 1.01-1.45); p<0.037)], driving duration of 3—5 hours per day [OR
1.76 (95% CI 1.50-2.05); p<0.001)], driving experience of more than 3 years [OR 4.51 (95% CI 3.52-5.79); p<0.001)],
severe excessive daytime sleepiness [OR 1.78 (95% CI 1.35-2.36); p<0.001)], and high risk of obstructive sleep apnea
[OR 2.12 (95% CI 1.73-2.59); p<0.001)] were all associated with sleepy driving in the preceding 6 months. There was
no significant relationship between sleep duration and sleepy driving (p=0.357).

In multivariable analysis, younger age [OR 4.48 (95% CI 1.29-15.52); p=0.018)], being a male [OR 1.56 (95% CI
1.22-1.99); p<0.001)], using any type of medication [OR 1.61 (95% CI 1.21-2.13); p=0.001)], shift working [OR 1.64
(95% CI 1.26-2.13); p<0.001)] working more than 12 hours per day [OR 2.84 (95% CI 1.30-6.20); p<0.009)], driving
duration of 3-5 hours per day [OR 1.31 (95% CI 1.02-1.69); p<0.035)], driving experience of more than 3 years [OR
4.51 (95% CI 3.52-5.79); p<0.001)], severe excessive daytime sleepiness [OR 1.64 (95% CI 1.03-2.61); p<0.036)], and
high risk of obstructive sleep apnea, defined using the Berlin questionnaire [OR 2.37 (95% CI 1.73-3.25); p<0.001)]
were all associated with sleepy driving in the preceding 6 months.

Table 2 shows binary logistic regression analyses of predictors for sleepy driving.

Table 2 Unadjusted and Adjusted Binary Logistic Regression Analyses of Predictors for Sleepy Driving

Predictors In the Last 6 Months, Have Unadjusted Model Adjusted Model
You Ever Felt Sleepy While
Driving?
Yes No OR (95% CI) P-value | OR (95% CI) P-value
Age (years)
18-24 579 (43.2) 762 (56.8) 1.77 (1.05, 2.99) | 0.032 4.48 (1.29, 15.52) | 0.018
25-34 385 (43.3) 504 (56.7) 1.78 (1.05, 3.02) | 0.032 4.85 (1.44, 16.30) | 0.011
35-44 169 (39.3) 261 (60.7) 1.51 (0.88, 2.61) | 0.139 291 (0.86,9.84) | 0.085
45-54 76 (33.3) 152 (66.7) 1.17 (0.65, 2.09) | 0.603 2.57 (0.74,8.90) | 0.137
55-64 21 (30.0) 49 (70.0) REF REF
Gender
Male 773 (50.1) 771 (49.9) 2.1 (1.81,2.44) | <0.001 1.56 (1.22, 1.99) | <0.001
Female 457 (32.2) 957 (67.7) REF REF
(Continued)
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Table 2 (Continued).

Predictors In the Last 6 Months, Have Unadjusted Model Adjusted Model
You Ever Felt Sleepy While
Driving?
Yes No OR (95% CI) P-value | OR (95% CI) P-value

MEDICATION

No 910 (39.2) 317 (49.8) REF REF

Yes 320 (50.2) 1411 (60.8) 1.56 (1.31, 1.87) | <0.001 .61 (1.21,2.13) | 0.001
Driving duration(daily)

Up to 2 hrs. 450 (34.6) 852 (65.4) REF REF

3-5 hrs. 660 (48.1) 711 (51.9) 1.76 (1.50, 2.05) | <0.001 1.33 (1.02, 1.74) | 0.039

>5 hrs. 113 (42.6) 152 (57.4) 1.41 (1.08, 1.84) | 0.013 I.11 (0.69, 1.76) | 0.676
How many hours do you work per day?

Less than 8 hours 380 (41.1) 545 (58.9) REF REF

8 hours 483 (45.7) 573 (54.3) 1.21 (1.01, 1.45) | 0.037 1.10 (0.81, 1.49) | 0.535

9—12 hours 208 (48.6) 220 (51.4) 1.36 (1.08, 1.71) | 0.0l 1.35 (0.94, 1.94) | 0.1

More than 12 hours 36 (53.7) 31 (46.3) 1.67 (1.01, 2.74) | 0.045 2.84 (1.30, 6.20) | 0.009
Driving duration(daily)

Up to 2 hrs 450 (34.6) 852 (65.4) REF REF

3-5 hrs 660 (48.1) 711 (51.9) 1.76 (1.50, 2.05) | <0.001 1.31 (1.02, 1.69) | 0.035

>5 hrs 113 (42.6) 152 (57.4) 1.41 (1.08, 1.84) | 0.013 0.97 (0.62, 1.53) | 0.911
Sleep duration

Less than 4 hours 70 (44.3) 88 (55.7) 1.17 (0.84, 1.64) | 0.357

4-6 hours 678 (42.1) 933 (57.9) 1.07 (0.91, 1.25) | 0.398

7-9 hours 427 (40.4) 629 (59.6) REF

More than 9 hours 55 (41.4) 78 (58.6) 1.04 (0.72, 1.50) | 0.839
Driving experience

< | year 91 (18.6) 399 (81.4) REF REF

| year 117 (35.6) 212 (64.4) 2.42 (1.76, 3.33) | <0.001 1.80 (1.00, 3.24) | 0.049

2 years 169 (43) 224 (57) 3.31 (2.44, 4.48) | <0.001 2.77 (1.58,4.86) | <0.001

3 years 112 (39.3) 173 (60.7) 2.84 (2.04, 3.95) | <0.001 1.99 (1.07, 3.72) | 0.029

>3 years 741 (50.7) 720 (49.3) 4.51 (3.52, 5.79) | <0.001 3.03 (1.68, 5.48) | <0.00I
Shift worker

YES 173 (42) 239 (58) REF REF

No 402 (47.9) 438 (52.1) 1.27 (0.99, 1.61) | 0.05 1.64 (1.26, 2.13) | <0.001

(Continued)
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Table 2 (Continued).

Predictors In the Last 6 Months, Have Unadjusted Model Adjusted Model
You Ever Felt Sleepy While
Driving?
Yes No OR (95% CI) P-value | OR (95% CI) P-value

ESS Score

Normal 687 (37.4) 1150 (62.6) REF REF

Mild/Moderate 428 (47.7) 470 (52.3) 1.52 (1.30, 1.79) | <0.001 1.60 (1.23,2.08) | <0.001

Severe 115 (51.6) 108 (48.4) 1.78 (1.35, 2.36) | <0.001 1.64 (1.03,2.61) | 0.036
Berlin Questionnaire

Low risk 964 (38.7) 1528 (61.3) REF REF

High risk 266 (57.2) 199 (42.8) 2.12 (1.73, 2.59) | <0.001 2.37 (1.73, 3.25) | <0.001

Gender Differences of Association Between Risk of Sleep Apnea and Sleepy Driving
Using the Berlin questionnaire, 17% of men were judged at high risk of obstructive sleep apnea compared to 14% of
women (p=0.018), with overall prevalence of 16%. The BQ determined risk of having obstructive sleep apnea was
associated with an increased odds of being sleepy driving [OR 2.37 (95% CI 1.73-3.25); p<0.001)].

Figure 1 shows how participants countermeasure sleepiness while driving.

Discussion

Our data provide insight into gender differences of the prevalence of sleepy driving in Saudi Arabia. In line with prior
work, sleepy driving was prevalent among both genders in Saudi Arabia but was higher in men than women. Male gender
and positive responses to the Berlin questionnaire (indicating a high risk of obstructive sleep apnea) were strong

predictors for sleepy driving.

30

Taking a nap (4%)

Drinking caffeinated energy or soft drinks (7%)
Open window to get air (11%)

Talking to someone (16%)

Listening to the radio or music (23%)

Drinking Coffee or Tea (25%)

Percentage of participants

M Female ™ Male

Figure | Prevalence of countermeasure usage among men and women participants of the study.
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Significance of the Findings

Our results revealed that the prevalence of sleepy driving was 50% among men and 32% among women, with overall
prevalence of 42%. Two previous studies have assessed the prevalence of sleepy driving in Saudi Arabia in 2014 and
2021 and showed that the prevalence was 64%'® and 30%,° respectively. These two studies report notable differences in
prevalence compared to our findings, which can be explained by the methodology used, gender distribution and the
sample size in each study. The prevalence in 2014 was conducted through interviews in hospitals, train stations, and
waiting rooms of bus stations. It included men drivers only as women were not legally permitted to drive in Saudi Arabia
before 2018. Likewise, the study by Alshareef in 2021 included only a small percentage of women drivers (13%). The
sample size also varies somewhat between the two studies (1290 participants in 2014 vs 4708 participants in 2021).
Despite these differences, a significant percentage of those sleepy drivers admits that they experienced actual accidents
because of sleepiness (4%). This percentage might be underestimated due to recall bias or denial of accidents to avoid
legal consequences; this requires further research.

Our results indicate that men are more likely to engage in sleepy driving than women. This is consistent with previous data
in Saudi Arabia,’ gulf countries,'®'” Asian countries such as Australia,'® and 19 European countries.'” Furthermore, a large
E-Survey of Road Users’ Attitudes reveal that self-declared fatigued driving rates are considerably higher for men drivers
(24% to 28%) than for women drivers (15% to 21%) in Europe, North America and Africa.?® The reason behind this is still
poorly understood, but one explanation may be that sleepiness, in general, is more common in men compared to women.*!
Another explanation is that OSA is more prevalent in men compared to women, and this may justify these differences.

A diagnosis of Obstructive Sleep Apnea (OSA) is a major factor of experiencing sleepiness while driving.” Consistent
with previous findings, our study showed that positive responses to the Berlin questionnaire (indicating a high risk of
obstructive sleep apnea) was associated with sleepy driving.”> 2* The exact mechanism of sleepiness in patients with
OSA is still under investigation. However, the combined effect of intermittent hypoxia and sleep fragmentation seems to
be one of the convincing mechanisms.>® These lead to reduction of cognitive processing, reduced visual scanning ability,
and microsleep, which all impact driving decision-making skills.*®

There are many factors that can lead to sleepy driving such as age, sleep deprivation, medications, shift working and sleep
disorders.®?°° Consistent with our findings, previous studies have shown that young drivers are more likely to engage in
sleepy driving compared to older people. This might reflect a reduced perception of risk in young adults. In contrast to our
findings, previous studies have shown that sleep deprivation was a main contributor to sleepy driving. Alabri et al 2018
showed that sleeping less than 6 hours per night was associated with sleepy driving in both men and women. Furthermore, it is
estimated that 56,000 accidents in the United States each year were associated with sleep deprivation. However, other studies
have shown that sleepy driving after sleep deprivation was not associated with excessive daytime sleepiness.’'* Apart from
sleep deprivation, there are number of factors that can lead to sleepy driving which include slow reaction time, reducing
response accuracy, and attention deficit, all of which are of negative implications for safe driving.*’

Our results also showed variable behavioral preferences toward countermeasures of sleepiness while driving;
supportive of our overall conclusion every countermeasure was used more commonly by men than women. The method
of choice in overcoming sleepiness while driving in our study was drinking coffee or tea, which previous studies have
reported to be effective. A previous study demonstrated that one cup of caffeinated coffee (80 mg caffeine) enhances
driving performance and lowers the driver’s sleepiness.®* Although listening to radio or music and opening the window
to get air both were widely used, they appear to be ineffective to reduce sleepiness for extended time periods;>> moreover
opening the window is not always feasible in Saudi Arabia. An alternative might be using the “LO” setting on the cars
air-conditioning but this was not a question asked of participants. Few participants preferred to take a nap to overcome
sleepiness while driving though it is the safest action as a countermeasure. According to Horne and Reyner, caffeine and
napping considerably reduced subjective sleepiness, driving impairments, and EEG signs of drowsiness.’® There are
other techniques that have proved to be effective to reduce sleepiness while driving. A previous study showed that in-car
continuous exposure to blue light at nighttime reduces nocturnal drowsiness among sleepy drivers.>” However, the latter

was not investigated in our study.
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Critique of the Method

Our study contains several limitations. Cross-sectional studies are always prone to reporting bias, especially as this study
assessed a sensitive topic such as driving behaviors which have legal consequences. However, as our findings did not
largely deviate from previous studies, we assume that the risk of reporting bias was minimal. The high prevalence of
respondents who admitted not having a driving license suggests that legal or privacy concerns were also not a significant
issue for participants; however, it is a marker that the studied population may be atypical in some way.

Another limitation of our study was that we did not investigate the trip duration (short or long trip) nor road types
(freeways, cities, and open roads). Different road types and trip duration can contribute differently to sleepiness while
driving. Another limitation was that we did not ask specifically about the time when actual accidents occur as this seems
to be associated with circadian rhythm variations. However, we did ask our participant about the times at which sleepy
driving mainly occurred and we assume that accidents may occur at the same time as sleepy driving.

Nevertheless, this is the first study investigating the gender differences in sleepy driving in Saudi Arabia. Our findings
extend previous findings that reported a high prevalence of sleepy driving and add to it the data around the counter-
measures used against sleepiness among both genders. Future studies should investigate the cost analysis of sleepy
driving and effectiveness of each countermeasure on overcoming sleepiness while driving.

Conclusion

Sleepiness while driving is widespread among drivers in Saudi Arabia. Factors associated with sleepy driving were risk
of having obstructive sleep apnea, being a male, older age, employment, working 8 hours per day, driving duration of 3—5
hours per day, and driving experience of more than 3 years. Future public health initiatives should particularly focus on
men with the aim of reducing gender imbalance in sleepy drivers.
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