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Background and ObjectiveaaRecent research has found the high prevalence of excessive day-
time sleepiness (EDS) among commercial bus drivers which may induce serious physical injury and 
economic damages. However, there are limited data revealing the risk factors of EDS among these 
workers. Therefore, we investigated the EDS in commercial bus drivers and its risk factors.
MethodsaaSelf-report questionnaires were given to 842 city bus drivers in Suwon, Korea, that in-
cluded demographic characteristics, the Epworth Sleepiness Scale, Pittsburgh Sleep Quality Index, 
Insomnia Severity Index, and Berlin Questionnaire. The logistic regression analysis was conducted 
to investigate the risk factors of EDS among commercial bus drivers.
resultsaaThe average of body mass index and total sleep time of 304 responding drivers were 24.7 
± 3.2 kg/m2, 6.05 ± 1.51 hours, respectively. Among them, 13.2% reported an Epworth sleepiness 
score > 10. The majority of the responders reported suffering from poor sleep quality (68.4%) and 
10.2% reported having a moderate to severe insomnia. The proportion of group with high risk for 
obstructive sleep apnea (OSA) was 26.7%. In multivariate regression analysis, only three variables, 
including poor quality of sleep, insomnia, and high risk for OSA, were significantly associated with 
EDS.
ConclusionsaaThis study has shown a high prevalence of EDS and insomnia, poor quality of sleep 
and high risk for OSA as risk factors of EDS among commercial bus drivers in Korea.
 Sleep Med res 2017;8(2):76-80

Key Wordsaa Excessive daytime sleepiness, Sleep quality, Insomnia, Obstructive sleep apnea,
                    aa Bus driver.

INTRODUCTION

Drowsy driving has become a social issue that has induced serious physical injury and eco-
nomic damages over two decades. Previous studies have shown that 1–6% of all road crash 
involved fatigue or sleepiness of drivers and the proportion increased to 3–15% in all cases of 
fatal crashes.1 Considering that 37–41% of drivers reported that they had at least one or more 
experience of falling asleep when driving since beginning to their driving career,2-4 sleepiness 
during driving is thought to be a wide-spread problem in modern society.

Although traffic accidents by large trucks and buses tended to be fatal compared to traffic 
accidents by cars,5 the sleepiness of professional drivers while at work has not been managed 
appropriately. Recent studies revealed that the proportion of truck drivers experiencing crash-
es involving sleepiness or fatigue reached 2–41%, and the rate of those with fatal crashes was 
4–31%, not lower than that of non-professional drivers.1

In order to examine and manage this public-health issue, there have been studies aimed at 
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the risk factors of drowsy driving among commercial drivers. 
Obstructive sleep apnea (OSA) is the well-accepted risk factor 
of excessive daytime sleepiness (EDS) of commercial vehicle 
drivers.6 Drivers with OSA are known to have increased risk of 
accidents, two- to 15-fold higher than the general population,7,8 
Additionally, variables including exercise, insufficient sleep, snor-
ing, sleep quality, general health condition, and stress were sig-
nificantly associated with EDS among city bus drivers.9

However, studies conducted by the public institutions were 
focused on delineating the risk factors of traffic accidents by 
commercial vehicles, not on EDS. These approaches highlight-
ed some limitations for interpreting the findings related to EDS 
due to a possibility of confounding bias. In addition, previous 
studies applied relatively uncommon questionnaires for investi-
gating the risk factors of EDS among commercial drivers, 
which prohibits the comparison with variable researches and 
application to actual situations. Furthermore, to our knowl-
edge, domestic data on the risk factors of sleepiness for com-
mercial bus drivers have not yet been published.

Therefore, we set a goal to investigate the prevalence of EDS 
and other variables among commercial bus drivers with com-
monly used and easily accepted questionnaires. Next, the rela-
tionships between EDS and other variables were explored for re-
vealing risk factors of EDS among bus drivers. We hypothesized 
that commercial bus drivers experience daytime sleepiness dur-
ing driving, which is caused by demographic factors, reduced 
sleep quality, insomnia, and OSA.

METHODS

Participants
All city bus drivers in Suwon, Republic of Korea were re-

cruited to participate in the study between October, 26, 2017 
and November, 31, 2017. We contacted the union representa-
tives of bus companies located in Suwon to gain permission to 
approach the drivers. A list of companies that employed all city 
bus drivers was obtained from the representatives of the union, 
and researchers visited these companies to provide question-
naires to those who agreed to participate. Questionnaires were 
distributed and collected by union officials under the supervi-
sion of researchers. The questionnaires also included contact 
information of investigators in order to easily accommodate 
participants’ queries. Among candidates, we excluded subjects 
who did not fully complete the questionnaires or did not belong 
to a group between the ages of 18–70.

Study Design and Data Collection
A cross-sectional study was performed with self-report ques-

tionnaires distributed to commercial bus drivers. Complete con-
fidentiality was obtained from unnamed questionnaires through 
data collection and processing. All questionnaires were reviewed 

by union officials of the bus companies before being distribut-
ed to workers in order to ascertain convenience of answering 
and possible disadvantages to bus drivers. Participants request-
ed additional assurances that participating in the survey would 
not have any adverse effects to their jobs. Included in the ques-
tionnaires were demographic characteristics, the Epworth Sleep-
iness Scale (ESS), Pittsburgh Sleep Quality Index (PSQI), the 
Insomnia Severity Index (ISI), Berlin questionnaire (BQ).

In the section on demographic characteristics, a newly creat-
ed form of self-report questionnaire was administered. The items 
were comprised of gender, age, height, weight, marital status, ha-
bitant status, professional driving career length, comorbid medi-
cal condition, and medication history of the use of sleeping pills. 
For detecting sleepiness during driving, the ESS was applied, 
which provides a measure for EDS in daily life through the use 
of eight questions.10 Total scores of ESS range from 0–24, and 
the cut-off value for EDS is 10.11,12 The ESS shows its reliability 
and validity for screening daytime sleepiness in Korea.13

The PSQI was used for evaluating the sleep quality of partic-
ipants. This self-reported scale is composed of questions that 
measure the quantitative and subjective aspects of sleep,14 and 
the Korean version of PSQI was developed in 2011.15 The ISI 
was presented to bus drivers to measure their perception of in-
somnia severity.16 The total score of ISI are divided into four 
subcategories, including 0–7, no clinically significant insom-
nia; 8–14, subthreshold insomnia; 15–21, moderate insomnia; 
and 22–28, severe insomnia. We used a cut-off score of 15, ac-
cepted as the threshold for clinically significant insomnia in the 
Korean version of ISI.17

For screening OSA among commercial drivers, BQ, which is 
a self-reported scale commonly used for detecting individuals 
with high risk for OSA18,19 was applied. BQ is consists of three 
sections: snoring, daytime sleepiness or fatigue, and medical 
and anthropometric condition. In the event of having two or 
more sections with positive scores, subjects are classified as high 
risk for OSA. The ethical approval of the study was received by 
the Institutional Review Board (IRB) of St. Vincent’s Hospital, Su-
won, Republic of Korea. And the IRB granted a waiver of docu-
mentation of consent in the study (Study No. VC17QCSI0196).

Statistical Analysis
Collected data were analyzed using SPSS 20.0 software (IBM 

Corp., Armonk, NY, USA). The descriptive statistics were shown 
as mean ± standard deviations and percentages, depending on 
each characteristic. Participants’ answers were assessed by the 
deadline of each questionnaire and all statistics were converted 
into binary variables. Then, the univariate association between 
EDS and binary variables were analyzed using the logistic regres-
sion model. Among the variables, those shown to have a signifi-
cant association with EDS were analyzed with multiple regres-
sion analysis to investigate the independent role of each variable. 
Odds ratio (OR) and 95% confidence interval (CI) were indi-
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cated in the tables. All significance levels were set to 0.05.

RESULTS

Results show that 304 subjects of 842 drivers completed 
questionnaires, registering a completion rate of 36%. The mean 
age of responding drivers was 51.08 ± 6.93, and only 10 (3.3%) 
were women. Of participants, 74.0% were categorized as mar-
ried and 4.3% used sleeping medication. Those who reported 
having at least one comorbid medical condition were 29.3%, 
and almost half were considered obese (body mass index > 25; 
44.7%). All participants worked every two days, having one day 

off between working days. On work days, commercial bus 
drivers worked for a relatively long (16.45 ± 2.59) hours , as 
they were assigned to a single bus route throughout the day 
(Table 1).

In the study, the drivers usually went to sleep at 22:07 ± 1:34 
and wake up at 05:22 ± 1:45. And they reported that 20.6 ± 
13.7 minutes were needed to fall asleep in bed, subjectively. To-
tal sleep time of bus drivers was 6.05 ± 1.51 hours and sleep ef-
ficiency was 88.1%. Of the responding bus drivers, 40 subjects 
(13.2%) reported they scored more than 10 in ESS and 208 driv-
ers (68.4%) reported a PSQI score of more than five, indicating 
poor quality of sleep. Thirty-one drivers (10.2%) rated more than 
15 in ISI and 27.6% of the sample was evaluated as the high-risk 
group of OSA (Table 2).

On univariate logistic regression analysis, background vari-
ables, such as gender, comorbid medical condition, obesity, 
sleeping pill medication, and marital status were not statistically 

Table 1. Demographic and clinical characteristics of the participants

Characteristics
Mean ± SD or 

percent
Age (year) 51.1 ± 6.9

(range, 30–63)
Female (%) 3.3 (n = 10)
BMI (kg/m2) 24.7 ± 3.2
Overweight (25 kg/m2 > BMI ≥ 23 kg/m2) (%) 25.3
Obesity (BMI ≥ 25 kg/m2) (%) 44.7
Sleeping pill (%) 4.3
Comorbid medication condition (%) 29.3
Hypertension (%) 22.7
Diabetes (%) 8.6
Coronary heart disease (%) 2.0
Cerebrovascular disease (%) 0.3
Thyroid disease (%) 0.7
Years of driving professionally (year) 16.85 ± 11.19
Daily working hours (hour) 16.45 ± 2.59
Married (%) 74.0
SD: standard deviation, BMI: body mass index.

Table 2. Sleep parameters of the participants

Sleep parameters Mean ± SD or percent
Total sleep time (hour) 6.05 ± 1.51
Sleep efficiency (%) 88.1
ESS score 6.55 ± 4.24
ESS > 10 (%) 13.2
PSQI score 7.91 ± 4.38
PSQI > 5 (%) 68.4
ISI score 7.01 ± 5.70
Not insomnia (%) 59.9
Subthreshold insomnia (%) 29.9
Moderate insomnia (%) 8.2
Severe insomnia (%) 2.0
High risk for OSA in BQ (%) 27.6
SD: standard deviation, ESS: Epworth Sleepiness Scale, PSQI: 
Pittsburgh Sleep Quality Index, ISI: Insomnia Severity Index, 
OSA: obstructive sleep apena, BQ: Berlin Questionnaire.

Table 3. Associations of excessive daytime sleepiness with the risk factors of commercial bus drivers

Variables
Logistic regression Multiple regression

p OR (95% CI) p OR (95% CI)
Female 0.126 2.98 (0.74–12.02)
Comorbid medical condition 0.222 1.54 (0.77–3.09)
Obesity 0.706 1.14 (0.58–2.21)
Sleeping pill 0.808 1.21 (0.26–5.67)
Married 0.879 1.06 (0.49–2.29)
PSQI > 5 0.004* 4.81 (1.66–13.94) 0.025* 3.50 (1.17–10.52)
ISI > 15 0.002* 3.86 (1.86–8.96) 0.034* 2.65 (1.08–6.50)
High risk for OSA in BQ < 0.001* 4.37 (2.15–8.90) < 0.001* 3.93 (1.90–8.14)
*p-value < 0.05.
OR: odds ratio, CI: confidence interval, PSQI: Pittsburgh Sleep Quality Index, ISI: Insomnia Severity Index, OSA: obstructive sleep apnea, 
BQ: Berlin Questionnaire .
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associated with EDS of commercial bus drivers (Table 3). Con-
versely, poor quality of sleep (PSQI > 5), insomnia (ISI > 15), 
and high risk of OSA emerged as significant risk factors for EDS. 
The three risk factors remained significant in multiple regres-
sion analysis.

DISCUSSION

The study aimed to investigate the current state of EDS and 
its risk factors among commercial bus drivers in Korea. The re-
sults showed that 13.2% of responding drivers were suffering 
from EDS during work hours and 68.4% experienced poor 
quality of sleep. Among participants, 10.2% were suspicious for 
having insomnia and 27.6% were assessed as high risk for OSA. 
Logistic regression model analysis indicated that only three 
variables were significantly associated with EDS of bus drivers; 
PSQI > 5 (p = 0.004, OR = 4.81, CI = 1.66–13.94), ISI > 15 (p = 
0.002, OR = 3.86, CI = 1.86–8.96), and high risk for OSA (p < 
0.001, OR = 3.86, CI = 1.86–8.96).

It was shown that bus drivers in Korea tended to sleep during 
an average time of 6.05 ± 1.51 hours a day, which was relatively 
shorter than the average of general population in Korea, 7.68 
hours a day.20 This finding indicated that bus drivers work under 
sleep deprivation of more than two hours21 which was known to 
raises the risk of motor vehicle accidents among commercial 
drivers.22 The working patterns of bus drivers in the study could 
prohibit enough sleep because they had to get up early around 
05:00 in the morning. Providing a free time for napping and 
resting would be one of the solutions which could avoid day-
time sleepiness and road crashes of commercial drivers.22

Compared with the surveys that revealed the rate of EDS 
among professional drivers ranging from 4.7–20%,23-25 the prev-
alence of EDS was consistent with previous data. However, con-
sidering that our findings were based on self-report scales, the 
prevalence in this study was possible to underestimate. Since 
27.6% of participants were categorized as high risk for OSA 
which is the main risk factor of EDS, the possibility of underes-
timating EDS obtained its ground. 

The rate of insomnia, which is a common problem among 
professional drivers, has been reported a range of 18.9% and 
37.5% over two decades.26,27 In the present study, 10.2% of bus 
drivers reported having insomnia, but the rate was lower than 
other studies, which could be the reason we excluded the group 
of subthreshold insomnia when assessing insomnia. Only a 
small group of drivers with insomnia (4.3% of sample) were be-
ing treated with sleep medication, indicating that appropriate 
approaches to treat insomnia symptoms should be arranged.

Further, we found that almost one of four participating bus 
drivers were at high risk for OSA, as the previous results ranged 
between 17% and 28%.24,28,29 Long working hours and poor di-
etary habits were thought to be the cause of high prevalence for 

OSA.30,31 Considering that OSA among bus drivers has a signifi-
cant relationship with crash history,32 OSA is assumed as a con-
siderable safety issue for commercial drivers.

Unlike previous studies investigating the risk factors of EDS,33,34 
demographic characteristics, such as age (not shown in the arti-
cle), gender, and obesity were not significantly associated with 
EDS. Otherwise, variables including insomnia, poor quality of 
sleep, and high risk for OSA were the significant risk factors of 
EDS among commercial drivers in the logistic regression analy-
sis. This indicates that a medical approach for evaluating the 
sleep patterns of bus drivers is crucial for developing a model to 
manage EDS among them.

Nevertheless, there are some limitations of this study. Due to 
its cross-sectional design, we could not establish any conclusive 
inference, only the presumptive relationships of EDS and vari-
ables. Moreover, our sample included only three female driv-
ers, so the prevalence of problems observed in the study can-
not be accepted as a true estimate of all professional drivers. 
However, the ratio of female drivers was 2.1% in Seoul, Korea,35 
so these findings can be helpful for implicating domestic con-
ditions. Also, the impact of alcohol, smoking and caffeine on 
EDS was not discussed in the study, which can influence the 
relationship between other variables and EDS. The items ask-
ing these factors were withdrawn from questionnaires in con-
sideration of reliability for answering. 

Finally, the clinical characteristics surrounding the sleep of 
bus drivers were investigated by self-report questionnaires, not 
by objective methods, such as polysomnography or actigraphy. 
Owing to this limitation, readers should be careful to accept 
the results of the study. The results could be biased by self-se-
lection, which might influence the observed associations. Ad-
ditionally, the recall bias could have been produced by the use 
of retrospective scale asking the event during the past 1-3 
months, which may decrease the reliability of the study. Fur-
thermore, Sadeghniiat-Haghighi et al.36 have claimed the study 
that ESS is not an effective tool for detecting EDS, compared 
with the maintenance of wakefulness test that is assumed as 
the most reliable tool of detecting daytime sleepiness.

In conclusion, a high prevalence of EDS among commercial 
bus drivers in Korea was seen. Those suffering from insomnia 
or poor sleep quality, and assessed as high risk for OSA have 
an increased risk of daytime sleepiness. Therefore, screening 
for those risk factors should be a primary concern for estab-
lishing safety in professional driving.
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