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Background and ObjectiveaaThe purpose of this study was to describe prevalence of sleep 
problems including obstructive sleep apnea (OSA), insomnia, and sleep insufficiency in commer-
cial motor vehicle (CMV) drivers, and to quantify risk of drowsy-related accidents in CMV drivers.
MethodsaaCMV drivers were invited to participate in this study. Participants were asked to com-
plete a questionnaire about sleep habits, sleep disorders, work environments, and experience of 
drowsy-related accidents. A home sleep test (Watch-PAT 200) was also undertaken to detect OSA.
ResultsaaAmong 110 participants, 89 with eligible data of questionnaires and home sleep tests 
were included in the analysis. 91.0% of participants had OSA with peripheral arterial tonometry 
respiratory distress index (pRDI) ≥ 5/h and 23.6% had moderate to severe OSA with pRDI ≥ 15/h. 
55.1% perceived that their sleep is insufficient. 52.3% of participants experienced drowsy driving. 
Drowsy driving-related motor vehicle crashes (MVCs) and near miss MVCs were reported by 9.6% 
and 37.9% of participants, respectively. Multiple regression analysis showed that increased risk of 
drowsy driving was associated with perceived sleep insufficiency [odds ratio (OR) = 3.48, 95% 
confidence interval (CI) 1.26–9.64]. Increased risk of drowsy driving-related near miss MVC was 
associated with perceived sleep insufficiency (OR = 3.06, 95% CI 1.11–8.44) and continuous driving 
for more than 4 hours (OR = 3.10, 95% CI 1.00–9.58).
ConclusionsaaOSA and perceived sleep insufficiency are prevalent in CMV drivers. Perceived 
sleep insufficiency and longer continuous driving hours increased risk of drowsy-related accidents.		
	 Sleep Med Res 2018;9(2):97-103

Key Wordsaa‌�Traffic accidents, Obstructive sleep apnea, Sleep deprivation, Insomnia, Fatigue.

INTRODUCTION

Motor vehicle crash (MVC) has been one of the top 10 causes of deaths in Korea [1]. MVCs 
involving commercial motor vehicles (CMVs) are potentially severe due to size and weight of 
these vehicles. A report found that more than half of such crashes result in fatal or incapacitat-
ing injuries [2]. Driving is a combination of complex tasks involving attention, perception, 
sensorimotor coordination, and decision-making. Drowsiness is a common consequence of 
sleep disorders. Drowsiness impairs cognitive functions and prevents ability to drive safely. 
Drowsy driving is a well-known risk factor for MVCs, injuries, and death [3]. In MVCs caused 
by drowsy driving, the fatality rate is twice as high than all cause MVCs [4]. Moreover, drowsy 
driving of CMV drivers could be especially hazardous because of potential severity of MVCs 
caused by drowsy driving involving larger, heavier vehicles. Thus, investigation of risk factors 
associated with drowsy driving and drowsy driving-related MVCs in CMV drivers is critical 

https://doi.org/10.17241/smr.2018.00283

Sleep Status and the Risk Factor of Drowsy-Related Accidents 
in Commercial Motor Vehicle Drivers

Daeyoung Kim, MD1, Dae-seop Shin, MD2, Seung Cheol Lee, MD2, Hee Jin Chang, MD1, Young Hwangbo, MD, PhD3, 
Sangyong You, PhD4, Taekyoung Jang, PhD4, Kwang Ik Yang, MD, PhD2

1Department of Neurology, Chungnam National University Hospital, Chungnam National University School of Medicine, Daejeon, Korea 
2Sleep Disorders Center, Department of Neurology, Soonchunhyang University Cheonan Hospital, Cheonan, Korea 
3Department of Preventive Medicine, Soonchunhyang University College of Medicine, Cheonan, Korea 
4Samsung Traffic Safety Research Institute, Seoul, Korea

Received: October 29, 2018
Revised: November 5, 2018
Accepted: November 6, 2018
Correspondence
Kwang Ik Yang, MD, PhD
Sleep Disorders Center, 
Department of Neurology, 
Soonchunhyang University 
Cheonan Hospital, 31 Soonchunhyang 6-gil, 
Dongnam-gu, Cheonan 31151, Korea
Tel	 +82-41-570-2290
Fax	 +82-41-592-3810
E-mail	 neurofan@schmc.ac.kr

ORCID
Daeyoung Kim
https://orcid.org/0000-0001-9056-0017
Dae-seop Shin
https://orcid.org/0000-0002-0844-9190
Seung Cheol Lee
https://orcid.org/0000-0003-2117-4168
Hee Jin Chang
https://orcid.org/0000-0002-0584-6940
Young Hwangbo
https://orcid.org/0000-0002-8447-8372
Sangyong You
https://orcid.org/0000-0002-5839-1935
Taekyoung Jang
https://orcid.org/0000-0002-5169-2196
Kwang Ik Yang
https://orcid.org/0000-0001-6343-6520

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Directory of Open Access Journals

https://core.ac.uk/display/201314903?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.17241/smr.2018.00283&domain=pdf&date_stamp=2018-12-30


98  Sleep Med Res 2018;9(2):97-103

Sleep and Drowsy-Related Accidents

for personal and public safety. However, limited studies have 
addressed association of obstructive sleep apnea (OSA), in-
somnia, and sleep insufficiency with drowsy driving and 
drowsy driving-related MVCs.

The purpose of our study was to identify prevalence of sleep 
problems including OSA, insomnia, and sleep insufficiency, and 
to quantify risk of drowsy driving and drowsy driving-related 
MVCs in CMV drivers.

METHODS

Participants
CMV drivers from Samsung Electronics Logitech Corpora-

tion (Suwon, Korea) were invited to participate in this study. 
The company performs various domestic and international lo-
gistics management business. The invitation to the study was 
posted on the company’s bulletin boards. Informed consent to 
participate was obtained from participants. Research procedures 
were approved by the Institutional Review Board of Soonchun-
hyang University Cheonan Hospital (No. 2016-11-009).

The Questionnaire
The questionnaire included 79 questions covering the fol-

lowing sections: demographic and background characteristics, 
working environments, experiences of drowsy-related acci-
dents, sleep habits, health, and sleep disorders. Demographic 
and background characteristics included age, gender, height, 
weight, cigarette smoking, alcohol drinking, and presence of 
hypertension and diabetes. In the working environment section, 
questions such as daily driving range, driving hours, and work 
hours were asked. Questions about cargo capacity of the CMV, 
usual duration of continuous driving, and main road of opera-
tion were also included. Roads are classified as follows: express-
way (usual speed limit 90–110 km/h), national or metro route 
(usual speed limit 70–90 km/h), and ordinary roads (usual 
speed limit 50–60 km/h). Questions about drowsy-related acci-
dents included the following: number of drowsy driving expe-
riences over the last month, number of drowsy driving-related 
MVCs, and near miss MVC experiences over the last year.

Questions about sleep habits included time to sleep and wake-
up, and usual daily sleep duration on work days and non-work 
days. Perceived sleep sufficiency was surveyed using the follow-
ing yes/no question: “Do you think you have had enough sleep 
during the past month?” Desired daily sleep duration was also 
asked. Sleep debt was defined as the difference between desired 
daily sleep duration and actual daily sleep duration on work days. 

In the section on health and sleep disorders, the Patients 
Health Questionnaire-9 (PHQ-9), Fatigue Severity Scale (FSS), 
Epworth Sleepiness Scale (ESS), Insomnia Severity Index (ISI), 
and Berlin Questionnaire (BQ) were included. PHQ-9 is a self-
report questionnaire to measure depression severity [5]. The 

standardized Korean version showed excellent performance in 
screening major depressive disorders with cut-off value of 9 [6]. 
The FSS is a 9‐item self‐report questionnaire that assesses de-
gree of fatigue intensity on various functional and behavioral 
aspects of life and provides subjective measurement of daytime 
fatigue that is largely independent of daytime sleepiness and de-
pression [7]. Each item is rated 1 (strongly disagree) to 7 (strongly 
agree). Range of possible scores is 9–63, with higher scores re-
flecting greater fatigue. Previous reports showed that 36 as the 
cut‐off point for normal, above which implied pathological fa-
tigue [8]. The ESS is widely used to measure subject’s average 
sleep propensity in daily life. A score of 10.4 is the cut‐off point 
for normal, above which implies pathological sleepiness [9]. The 
ISI is a self‐report questionnaire measuring time interval of 2 
weeks and consisting of 7 items measuring a patient’s percep-
tion of their insomnia. Participants rate ISI items on a scale of 
‘not at all’ (score of 0) to ‘very much’ (score of 4). Scores range 0 
to 28, with higher scores indicating more severe insomnia. 
Scores range from 0 to 7 indicating ‘no clinically significant in-
somnia’, 8 to 14 indicating ‘subthreshold insomnia’, 15 to 21 
‘moderate clinical insomnia’ and 22 to 28 ‘severe clinical insom-
nia’ [10]. The BQ is a self-reported scale used to identify indi-
viduals with high risk for OSA [11].

Home Sleep Tests
All participants had home sleep tests (HST) with Watch-

PAT 200 (Itamar Medical Ltd., Caesarea, Israel). Watch-PAT 
200 measures actigraphy, peripheral arterial tonometry (PAT), 
pulse oximetry, and heart rate. PAT signal reflects sympathetic 
activity. PAT with pulse oximetry and heart rate has been shown 
to detect sleep-disordered breathing events accurately [12-14].
Yuceege et al. [15] showed that in simultaneous recordings of 
standard polysomnography and Watch-PAT 200 for highway 
bus drivers, sensitivity, specificity, positive predictive value, and 
negative predictive value were 89.1, 76.9, 82, and 85.7% for re-
spiratory distress index (RDI) > 15/h, respectively. PAT respi-
ratory distress index (pRDI) was well correlated with polysom-
nography results.

Statistical Analysis
All statistical analyses were performed using Stata (Stata 11.0, 

StataCorp, College Station, TX, USA). A p value below 0.05 was 
considered statistically significant. General characteristics of 
subjects were presented as mean ± standard deviation or num-
ber (percent). Difference in continuous and categorical variables 
were assessed for significance using t-test or chi‐square test, as 
appropriate. We used multiple regression to determine statisti-
cally significant risk factors of drowsy driving and near miss 
MVCs. Variables included in the model were age, body mass in-
dex, perceived sleep insufficiency, and continuous driving hours.
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RESULTS

A total of 110 drivers participated voluntarily. Among 110 
participants, 89 with eligible data of questionnaires and HST 
included in the analysis. All 89 CMV drivers were men with 
average age of 41.5 ± 10.4 years, ranging from 24 to 65 (Table 
1). Of 89 drivers, 22 (24.7%) had less than 6 hours of daily 
sleep on work days. Drivers had slept 6.2 ± 0.9 hours on work 
days, while they slept significantly longer 8.1 ± 1.6 hours (p < 
0.001), suggesting that they had accumulated sleep debt during 
week days. Sleep debt of 2 hours or more was reported in 59.6% 
(53/89) of drivers. Forty-nine of 89 drivers (55.1%) perceived 
that their sleep is insufficient. In drivers with perceived sleep 
insufficiency, mean sleep duration on workdays was signifi-
cantly shorter at 353.6 ± 50.9 minutes compared with drivers 
without perceived sleep insufficiency (393.3 ± 47.3 minutes, p < 
0.001). Drivers had been working for median 10 hours a day 
(interquartile range 8–12) and driving mileage was median 150 
km a day (interquartile range 80–350). 37.1% (33/89) of driv-
ers operate their vehicle continuously for more than 4 hours. 
The main road of operation were highways for 45.5% of drivers, 
national or metro routes for 50.0% of drivers, and other urban 
or rural roads for 4.6% of drivers. 68.5% (61/89) of drivers had 
operated vehicles weighing less than 5 tons.

Among all 89 drivers, 8 drivers (9.0%) reported a score of 11 
or more in ESS, and 15 drivers (16.9%) reported a score of 15 
or more in ISI (Table 1). Fatigue was more prevalent with 59 
drivers (66.3%) that reported 36 or more in FSS. OSA was found 
in 81 drivers (91.0%) by HST.

Experience of drowsy driving over the last month was re-
ported by 52.3% of 86 participants (3 participants omitted re-
sponses). Drowsy driving-related MVC and near miss MVC 
over the last year, were reported by 8 of 83 participants (9.6%) 
and 33 of 87 (37.9%), respectively. Proportion of drivers with 
drowsy driving and near miss MVC experiences differ signifi-
cantly according to sleep duration on work days, perceived sleep 
sufficiency, ESS score, continuous driving hours, main road of 
operation, and vehicle weight (Table 2). Proportion of MVC 
experience was significantly different according to sleep duration 

Table 1. Demographic, sleep, and working environment data of all 
89 participants (continued)

Values
Vehicle weight

< 5 tons 61 (68.5)
≥ 5 and < 10 tons 12 (13.5)
≥ 10 tons 16 (18.0)

Values are presented as either mean ± standard deviation, number 
(percentage), or median (interquartile range).
*Data of cigarette smoking were missing in 3 participants. †Data of 
main road of operation were missing in a participant.
pRDI: peripheral arterial tonometry respiratory distress index.

Table 1. Demographic, sleep, and working environment data of all 
89 participants

Values
Age (years) 41.5 ± 10.4
Body mass index (kg/m2) 24.7 ± 3.0

< 23 kg/m2 26 (29.2)
≥ 23 and < 25 kg/m2 25 (28.1)
≥ 25 kg/m2 38 (42.7)

Past cigarette smoker* 25 (29.1)
Current cigarette smoker* 47 (54.7)
Alcohol drinking twice or more per week 30 (33.7)
Hypertension 16 (18.0)
Diabetes 7 (7.9)
Sleep duration in work days (hours) 6.2 ± 0.9

< 6 hours 22 (24.7)
≥ 6 and < 7 hours 39 (43.8)
≥ 7 hours 28 (31.5)

Sleep duration in non-work days (hours) 8.1 ± 1.6
< 6 hours 3 (3.4)
≥ 6 and < 7 hours 12 (13.5)
≥ 7 hours 74 (83.1)

Desired sleep duration (hours) 7.8 ± 2.1
Sleep debt

≤ 0 hours 15 (16.9)
> 0 and < 2 hours 21 (23.6)
≥ 2 hours 53 (59.6)

Perceived sleep insufficiency 49 (55.1)
Epworth Sleepiness Scale ≥ 11 8 (9.0)
Fatigue Severity Scale ≥ 36 59 (66.3)
Insomnia Severity Index ≥ 15 15 (16.9)
Patient Health Questionnaire-9 ≥ 9 8 (9.0)
High risk in Berlin Questionnaire 51 (57.3)
Obstructive sleep apnea 81 (91.0)

pRDI 5 to < 15 60 (67.4)
pRDI 15 to < 30 15 (16.9)
pRDI ≥ 30 6 (6.7)

Working hours/day (hours) 10 (8–12)
Driving mileage/day (km) 150 (80–350)
Continuous driving time

≤ 2 hours 44 (49.4)
> 2 and ≤ 4 hours 12 (13.5)
> 4 hours 33 (37.1)

Main road of operation†

Expressways 40 (45.5)
National or metro routes 44 (50.0)
Ordinary roads 4 (4.6)
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Table 2. Proportions of drowsy driving, near miss MVC, or MVC experience according to sleep and working environment parameters

Drowsy driving 
in the last month (n = 86)

Near miss MVC 
in the last year (n = 87)

MVC in the last year 
(n = 83)

All available responses 45/86 (52.3) 33/87 (37.9) 8/83 (9.6)
Sleep duration on work days (hours)

≥ 7 hours 9/26 (34.6) 8/26 (30.8) 0/25 (0.0)
≥ 6 and < 7 hours 10/38 (26.3) 11/39 (28.2) 3/37 (8.1)
< 6 hours 15/22 (68.2) 14/22 (63.6) 5/21 (23.8)
p 0.005 0.016 0.022

Sleep debt
≤ 0 hour 4/14 (28.6) 3/14 (21.4) 1/13 (7.7)
> 0 and < 2 hours 11/19 (57.9) 13/20 (65.0) 5/19 (26.3)
≥ 2 hours 19/53 (35.9) 17/53 (32.1) 2/51 (3.9)
p 0.158 0.013 0.018

Perceived sleep sufficiency
Sufficient 9/38 (23.7) 9/39 (23.1) 2/37 (5.4)
Insufficient 25/48 (52.1) 24/48 (50.0) 6/46 (13.0)
p 0.007 0.01 0.241

Excessive daytime sleepiness
ESS < 11 28/78 (35.9) 27/79 (34.2) 6/76 (7.9)
ESS ≥ 11 6/8 (75.0) 6/8 (75.0) 2/7 (28.6)
p 0.031 0.023 0.076

Berlin Questionnaire
Low risk 20/56 (35.7) 20/57 (35.1) 3/53 (5.7)
High risk 14/30 (46.7) 13/30 (43.3) 5/30 (16.7)
p 0.322 0.451 0.103

Obstructive sleep apnea
pRDI < 15/h 24/66 (36.4) 23/66 (34.8) 5/65 (7.7)
pRDI ≥ 15/h 10/20 (50.0) 10/21 (47.6) 3/18 (16.7)
p 0.275 0.293 0.254

Continuous driving hours
≤ 2 11/43 (25.6) 10/43 (23.3) 2/43 (4.7)
> 2 and ≤ 4 6/11 (54.5) 5/12 (41.7) 3/10 (30.0)
> 4 17/32 (53.1) 18/32 (56.3) 4/30 (13.3)
p 0.03 0.014 0.231

Main road of operation
Expressways 25/37 (67.6) 2/39 (5.1) 5/35 (14.3)
National/metro routes or ordinary roads 9/48 (18.8) 10/47 (21.3) 3/47 (6.4)
p <0.001 <0.001 0.233

Vehicle weight (tons)
< 5 17/60 (28.3) 6/60 (10.0) 5/59 (8.5)
≥ 5 and < 10 6/11 (54.5) 7/12 (58.3) 0/12 (0.0)
≥ 10 11/15 (73.3) 11/15 (73.3) 3/12 (25.0)
p 0.003 0.001 0.099

Data are presented as number (percentage).
MVC: motor vehicle crash, ESS: Epworth Sleepiness Scale, pRDI: peripheral arterial tonometry respiratory distress index.
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on work days only. There was no difference in rate of drowsy 
driving, near miss MVC, or MVC experience between drivers 
with and without moderate-to-severe OSA defined by pRDI of 
15 or more per hour or between those with and without high 
risk in the BQ.

Univariate regression for drowsy driving showed increased 
risk related to age, perceived sleep insufficiency, and continu-
ous driving for more than 2 hours. Only perceived sleep insuf-
ficiency remained a significant risk factor for drowsy driving in 
multiple regression analysis [odds ratio (OR) = 3.48, 95% confi-
dence interval (CI) 1.26–9.64] (Table 3). For near miss MVC, 
univariate regression showed age, perceived sleep insufficiency, 
and continuous driving for more than 4 hours as significant 
risk factors. Multiple regression analysis showed that near miss 
MVC was related to perceived sleep insufficiency (OR = 3.06, 
95% CI 1.11–8.44), and continuous driving for more than 4 
hours (OR = 3.10, 95% CI 1.00–9.58) (Table 3). 

DISCUSSION

In this study, OSA and sleep insufficiency were highly preva-
lent in CMV drivers. Most drivers had OSA with pRDI of 5 or 
more per hour. More than half of drivers perceived that their 
sleep is insufficient. Average sleep duration in work days were 
significantly shorter compared to non-work days. More than 
half of drivers perceived that they were deprived daily of 2 or 
more hours of sleep. Perceived sleep insufficiency was an inde-
pendent risk factor for drowsy driving and drowsy driving-re-
lated near miss MVCs. In addition, continuous driving for 
more than 4 hours was an independent risk factor for drowsy 
driving-related near miss MVCs. Although moderate-to-severe 
OSA was not associated with increased risk of drowsy driving 
or near miss MVCs, prevalence of moderate-to-severe OSA was 
higher in drivers who experienced drowsy-related accidents. 

Some studies reported association between sleep insufficien-
cy and MVCs in professional drivers. Carter et al. [16] showed 
that professional drivers reported more sleep debt than non-
professional drivers and self-perceived sleep debt is directly re-
lated to accident likelihood for males in the general population 

and male professional drivers. Johnson et al. [17] reported pro-
tective effect of sleeping more than 7 hours for MVCs or near 
miss MVCs in professional drivers. Garbarino et al. [18] report-
ed that sleep debt and OSA predict MVCs or near miss MVCs 
and naps or rest breaks can prevent such accidents. In our study, 
perceived sleep insufficiency, not sleep debt nor short sleep du-
ration < 6 hours, was a significant risk factor for drowsy driving 
and drowsy driving-related near miss MVCs. Sleep duration 
and perceived sleep insufficient may represent separate, but 
still overlapping, constructs [19]. Short sleep duration may rep-
resent either less need for sleep or not sleeping enough. Cal-
culating differences between actual sleep duration and desired 
sleep duration may represent discrepancy between one’s pre-
ferred sleep duration and socially recommended sleep duration. 
Perception that one’s sleep is not sufficient to perform daily ac-
tivities well may represent comprehensive reflection of impaired 
sleep including quantity and quality.

Rate of excessive daytime sleepiness defined by ESS score of 
11 or more was 9.0% consistent with previous studies showing 
daytime sleepiness defined by ESS in professional drivers ranges 
between 4% and 20% [20,21]. The rate was approximately com-
parable to the finding of a population-based cross-sectional study 
in Korea in which prevalence of excessive daytime sleepiness was 
11.9% [22]. Prevalence of excessive daytime sleepiness in this 
study was not higher than the general population. Conversely, 
fatigue was more common in our study, affecting 66.3% of par-
ticipants. In Korean CMV drivers, sleepiness might be recog-
nized as fatigue, and the ESS questionnaire may not have opti-
mally reflected degree of daytime sleepiness.

Clinical insomnia defined by ISI score 15 or more was re-
ported in 16.9% of CMV drivers, higher compared with preva-
lence of 4.6% in a population-based cross-sectional study in 
Korea using the same measure as that used in our study [22]. 
Previous studies report prevalence of insomnia in CMV driv-
ers ranging between 18 to 28% [23,24]. Considering method-
ological differences, these results are comparable to our result.

Our results showed that continuous driving for more than 4 
hours increases risk of drowsy driving-related near miss MVC. 
Consistent with our findings, previous studies have shown that 
continuous driving time affects driving performance significantly 

Table 3. Multiple regression analysis of risk factors for drowsy driving and near miss MVC

Drowsy driving Near miss MVC
OR 95% CI OR 95% CI

Age 1.02 0.97–1.08 1.03 0.97–1.08
Body mass index 1.06 0.89–1.28 1.04 0.87–1.25
Perceived sleep insufficiency 3.48 1.26–9.64 3.06 1.11–8.44
pRDI ≥ 15/h 1.32 0.39–4.51 1.37 0.42–4.49
Continuous driving hours > 2 and ≤ 4 3.21 0.63–16.48 1.96 0.42–9.18
Continuous driving hours > 4 2.34 0.76–7.22 3.10 1.00–9.58
MVC: motor vehicle crash, pRDI: peripheral arterial tonometry respiratory distress index, OR: odds ratio, CI: confidence interval.
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[25-28]. Prolonged driving time, especially if surrounded by a 
monotonous environment, may cause fatigue and drowsiness, 
and lead to impaired driving. Taking breaks showed to elimi-
nate risks associated with prolonged driving time [18,28,29]. 
Thus, we suggest that breaking every 4 hours should be prac-
ticed to prevent drowsy-related accidents.

High risk of OSA in the BQ was reported in 57.3% of partic-
ipating CMV drivers, higher compared with 19.8% of the gen-
eral male population of Korea [30]. This proportion is consistent 
with results of recent studies reporting prevalence of suspected 
OSA in CMV drivers ranging between 26% and 56% [31-33]. 
Previous studies report prevalence of OSA diagnosed with cri-
teria of 5 or more respiratory events per hour in CMV drivers 
ranging between 28% and 78% [34,35]. In our study, prevalence 
of OSA was extremely high at 91% and presence of moderate-
to-severe OSA was not associated with increased risk of drowsy 
driving or near miss MVCs. It has been known that OSA is sig-
nificantly associated with increased risk of occupational acci-
dents, particularly motor vehicle accidents [18,36,37]. However, 
association between OSA and drowsy driving-related near-miss 
MVCs was not significant in our multivariate analysis. This dis-
crepancy may be due to the small sample size in terms of statis-
tical analysis. Recent large inter-ethnic studies using standard-
ized protocols support the notion that Chinese or Asian men 
have an increased OSA prevalence and severity compared to 
those of European descent [38-40]. Selection bias based on 
self-selection of participants in our study may also play a role in 
this result. Drivers with certain concern of sleep disorders such 
as OSA, may have been more willing to participate in the study.

Limitations of our study should be considered. Since this is a 
cross-sectional design, the design prevented conclusive causal 
inference. Relationships of factors and outcomes are only pre-
sumptive. In addition, participants were recruited in a single 
company, and all participants were men. Self-selection of partici-
pants further limited generalizability of results to the actual pop-
ulation of CMV drivers. Retrospective character of questions 
about MVCs and near miss MVCs over the last year may have 
introduced recall bias. Finally, considering that MVCs are rela-
tively low-frequency events, the sample size of 89 participants 
limited statistical analysis.

Regardless, results indicate that sleep problems are prevalent 
in CMV drivers and perceived sleep insufficiency has signifi-
cant association with drowsy-driving related events. We claim 
that subjective feelings of insufficient sleep in CMV drivers 
warrant social and medical attention for personal and public 
safety. Additionally, continuous driving as a working condition 
should be considered a critical issue in preventing drowsy driving 
and its related MVC in CMV drivers. 

Conflicts of Interest
The authors have no financial conflicts of interest.

Authors’ Contribution
Conceptualization: Yang KI. Data curation: Shin D-s, Lee SC, Chang HJ, 
You S, Jang T, Yang KI. Formal analysis: Kim D, Hwangbo Y, Yang KI. 
Investigation: Shin D-s, Lee SC, Chang HJ, You S, Jang T, Yang KI. Meth-
odology: Hwangbo Y, Yang KI. Project Administration: Yang KI. Re-
sources: You S, Jang T, Yang KI. Supervision: Yang KI. Validation: Kim D, 
Hwangbo Y, Yang KI. Writing—original draft: Kim D, Yang KI. Writ-
ing—review & editing: Kim D, Yang KI.

REFERENCES
1.	 Statistics Korea. [2017 cause of death statistics]. Daejeon: Statistics Ko-

rea 2018.
2.	 Spiers HJ, Maguire EA. Neural substrates of driving behaviour. Neuro-

image 2007;36:245-55.
3.	 National Highway Traffic Safety Administration. Drowsy driving and 

automobile crashes. DOT HS 808 707. Washington, DC: NCSDR/NHT-
SA Expert Panel on Driver Fatigue and Sleepiness 1998.

4.	 Lee WY, Oh JS. [Research of countermeasures for drowsy driving]. 
Seoul: Traffic Science Institute, Road Traffic Authority 2014.

5.	 Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief de-
pression severity measure. J Gen Intern Med 2001;16:606-13.

6.	 Choi HS, Choi JH, Park KH, Joo KJ, Ga H, Ko HJ, et al. Standardization 
of the Korean version of patient health questionnaire-9 as a screening 
instrument for major depressive disorder. J Korean Acad Fam Med 
2007;28:114-9.

7.	 Krupp LB, Alvarez LA, LaRocca NG, Scheinberg LC. Fatigue in multi-
ple sclerosis. Arch Neurol 1988;45:435-7.

8.	 Lichstein KL, Means MK, Noe SL, Aguillard RN. Fatigue and sleep 
disorders. Behav Res Ther 1997;35:733-40.

9.	 Cho YW, Lee JH, Son HK, Lee SH, Shin C, Johns MW. The reliability 
and validity of the Korean version of the Epworth sleepiness scale. Sleep 
Breath 2011;15:377-84.

10.	 Bastien CH, Vallières A, Morin CM. Validation of the Insomnia Sever-
ity Index as an outcome measure for insomnia research. Sleep Med 
2001;2:297-307.

11.	 Kang K, Park KS, Kim JE, Kim SW, Kim YT, Kim JS, et al. Usefulness 
of the Berlin Questionnaire to identify patients at high risk for obstruc-
tive sleep apnea: a population-based door-to-door study. Sleep Breath 
2013;17:803-10.

12.	 Pillar G, Bar A, Betito M, Schnall RP, Dvir I, Sheffy J, et al. An auto-
matic ambulatory device for detection of AASM defined arousals from 
sleep: the WP100. Sleep Med 2003;4:207-12.

13.	 Pittman SD, Ayas NT, MacDonald MM, Malhotra A, Fogel RB, White 
DP. Using a wrist-worn device based on peripheral arterial tonometry 
to diagnose obstructive sleep apnea: in-laboratory and ambulatory vali-
dation. Sleep 2004;27:923-33.

14.	 Zou D, Grote L, Peker Y, Lindblad U, Hedner J. Validation a portable 
monitoring device for sleep apnea diagnosis in a population based co-
hort using synchronized home polysomnography. Sleep 2006;29:367-
74.

15.	 Yuceege M, Firat H, Demir A, Ardic S. Reliability of the Watch-PAT 
200 in detecting sleep apnea in highway bus drivers. J Clin Sleep Med 
2013; 9:339-44.

16.	 Carter N, Ulfberg J, Nyström B, Edling C. Sleep debt, sleepiness and ac-
cidents among males in the general population and male professional 
drivers. Accid Anal Prev 2003;35:613-7.

17.	 Johnson KD, Patel SR, Baur DM, Edens E, Sherry P, Malhotra A, et al. 
Association of sleep habits with accidents and near misses in United 
States transportation operators. J Occup Environ Med 2014;56:510-5.

18.	 Garbarino S, Durando P, Guglielmi O, Dini G, Bersi F, Fornarino S, et 
al. Sleep apnea, sleep debt and daytime sleepiness are independently as-
sociated with road accidents. A cross-sectional study on truck drivers. 
PLoS One 2016;11:e0166262.

19.	 Grandner MA, Patel NP, Gehrman PR, Perlis ML, Pack AI. Problems 



Kim D, et al. 

   www.sleepmedres.org  103

associated with short sleep: bridging the gap between laboratory and 
epidemiological studies. Sleep Med Rev 2010;14:239-47.

20.	 Asaoka S, Namba K, Tsuiki S, Komada Y, Inoue Y. Excessive daytime 
sleepiness among Japanese public transportation drivers engaged in 
shiftwork. J Occup Environ Med 2010;52:813-8.

21.	 Vennelle M, Engleman HM, Douglas NJ. Sleepiness and sleep-related 
accidents in commercial bus drivers. Sleep Breath 2010;14:39-42.

22.	 Hwangbo Y, Kim WJ, Chu MK, Yun CH, Yang KI. Habitual sleep du-
ration, unmet sleep need, and excessive daytime sleepiness in Korean 
adults. J Clin Neurol 2016;12:194-200.

23.	 Garbarino S, Magnavita N, Guglielmi O, Maestri M, Dini G, Bersi FM, 
et al. Insomnia is associated with road accidents. Further evidence from 
a study on truck drivers. PLoS One 2017;12:e0187256.

24.	 Partinen M, Eskelinen L, Tuomi K. Complaints of insomnia in different 
occupations. Scand J Work Environ Health 1984;10:467-9.

25.	 Otmani S, Pebayle T, Roge J, Muzet A. Effect of driving duration and 
partial sleep deprivation on subsequent alertness and performance of 
car drivers. Physiol Behav 2005;84:715-24.

26.	 Philip P, Taillard J, Klein E, Sagaspe P, Charles A, Davies WL, et al. Ef-
fect of fatigue on performance measured by a driving simulator in au-
tomobile drivers. J Psychosom Res 2003;55:197-200.

27.	 Rossi R, Gastaldi M, Gecchele G. Analysis of driver task-related fatigue 
using driving simulator experiments. Procedia Soc Behav Sci 2011;20: 
666-75.

28.	 Wang L, Pei Y. The impact of continuous driving time and rest time on 
commercial drivers’ driving performance and recovery. J Safety Res 2014; 
50:11-5.

29.	 van der Hulst M, Meijman T, Rothengatter T. Maintaining task set un-
der fatigue: a study of time-on-task effects in simulated driving. Transp 
Res Part F Traffic Psychol Behav 2001;4:103-18.

30.	 Sunwoo JS, Hwangbo Y, Kim WJ, Chu MK, Yun CH, Yang KI. Preva-
lence, sleep characteristics, and comorbidities in a population at high 
risk for obstructive sleep apnea: a nationwide questionnaire study in 

South Korea. PLoS One 2018;13:e0193549.
31.	 Moreno CR, Carvalho FA, Lorenzi C, Matuzaki LS, Prezotti S, Bighetti 

P, et al. High risk for obstructive sleep apnea in truck drivers estimated 
by the Berlin questionnaire: prevalence and associated factors. Chro-
nobiol Int 2004;21:871-9.

32.	 Smith B, Phillips BA. Truckers drive their own assessment for obstruc-
tive sleep apnea: a collaborative approach to online self-assessment for 
obstructive sleep apnea. J Clin Sleep Med 2011;7:241-5.

33.	 Catarino R, Spratley J, Catarino I, Lunet N, Pais-Clemente M. Sleepi-
ness and sleep-disordered breathing in truck drivers: risk analysis of 
road accidents. Sleep Breath 2014;18:59-68.

34.	 Pack AI, Dinges D, Maislin G. A study of prevalence of sleep apnea 
among commercial truck drivers. Washington, DC: Federal Motor Car-
rier Safety Administration 2002.

35.	 Stoohs RA, Bingham LA, Itoi A, Guilleminault C, Dement WC. Sleep 
and sleep-disordered breathing in commercial long-haul truck drivers. 
Chest 1995;107:1275-82.

36.	 Garbarino S, Guglielmi O, Sanna A, Mancardi GL, Magnavita N. Risk 
of occupational accidents in workers with obstructive sleep apnea: sys-
tematic review and meta-analysis. Sleep 2016;39:1211-8.

37.	 Magnavita N, Garbarino S. Sleep, health and wellness at work: a scop-
ing review. Int J Environ Res Public Health 2017;14:E1347.

38.	 Chen X, Wang R, Zee P, Lutsey PL, Javaheri S, Alcántara C, et al. Racial/
ethnic differences in sleep disturbances: the multi-ethnic study of ath-
erosclerosis (MESA). Sleep 2015;38:877-88.

39.	 Hnin K, Mukherjee S, Antic NA, Catcheside P, Chai-Coetzer CL, 
McEvoy D, et al. The impact of ethnicity on the prevalence and severi-
ty of obstructive sleep apnea. Sleep Med Rev 2018;41:78-86.

40.	 Mehra R, Stone KL, Blackwell T, Ancoli Israel S, Dam TT, Stefanick 
ML, et al. Prevalence and correlates of sleep-disordered breathing in 
older men: osteoporotic fractures in men sleep study. J Am Geriatr Soc 
2007;55:1356-64.


