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ABSTRACT
Obstructive Sleep Apnea (OSA) has been identified by many studies as one of the significant
contributing factors for motor vehicle accidents.
However, only a small number of studies have
been conducted in Malaysia. Objective: This
paper aims to highlight the prevalence of OSA
among truck drivers and express bus drivers in
Malaysia and efforts being undertaken to address issues related to OSA among commercial
vehicle drivers. Methodology: Two separate
studies were conducted: a cross sectional study
among truck drivers and secondly among express bus drivers. The screening process for
identifying the high risk group for OSA was done
using Berlin questionnaire. Meanwhile, among
express bus drivers, OSA was confirmed with
sleep study using polysomnography test. Result:
Screening of risk group of OSA among truck
drivers revealed that 14.6% (19) of drivers were
categorized as having high risk of OSA while
85.4% (111) having low risk of OSA. While, in
another study, polysomnography test among
express bus drivers showed that 83 (28.7%) had
mild OSA, 26 (9.0%) had AHI moderate OSA, and
19 drivers (6.6%) severe OSA. Conclusion: This
paper highlighted the issues of OSA among
commercial vehicle drivers in Malaysia. With an
alarming high prevalence, OSA should be a
major road safety concern in this country. A
special study focusing on sleep and fatigue related crashes may need to be conducted to
complement the current studies and full implementation of existing efforts and initiatives to
address OSA in road crashes should be realized
by the relevant authorities.
Copyright © 2013 SciRes.
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1. INTRODUCTION
Obstructive Sleep Apnea (OSA) has been identified by
many studies as one of the significant contributing factors for motor vehicle crashes. Persons with OSA are
likely to fall asleep during driving due to poor sleep
quality. OSA has been defined as a common disorder and
a person with OSA may experience one or more pauses
in breathing or in shallow breathing while sleeping and
repetitive episodes of apnea or hypopnea due to obstruction of the upper respiratory airway. The breathing process will stop for ten seconds or more due to the occurrence of the obstruction of the upper airway due to the
relaxation of dilating muscles which fail to keep the upper airway opened [1]. With this cessation of breathing,
the oxygen level in blood may reduce and the person
might arouse from sleep a few times and end up with
poor sleep quality. The disruption of nighttime sleep may
result in excessive daytime sleepiness. In addition, people with sleep apnea may feel tired and lose focus during
the day due to poor sleep quality. This might be dangerous for a person who works as a driver during the day
such as truck drivers.
In most countries in the world including Malaysia,
people who drive commercial vehicles such as taxis,
buses, or trucks normally do shift work which needed
them not to follow the regular and normal sleep pattern.
Their nature of work and sleeping pattern may lead to
fatigue and sleepiness. In addition, drivers with OSA
with combination of the nature of their work such as long
distance driving and driving during the wee-hours had
put them in increasing risk to experience fatigue and
sleepiness at the wheel. According to Norlen et al., 2008,
fatigue status among bus drivers has been shown to inOPEN ACCESS
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crease with the duration of driving and working [2].
The prevalence of OSA among commercial vehicle
drivers is relatively common as compared to general
population. Prevalences of OSA among adult general
population as reported in various epidemiological studies
vary from 0.3% to 10% in majority of the studies which
reported prevalence below 6% [3]. In contrast, a study
conducted by Moreno in 2004 shows about 26% of truck
drivers having high risk of OSA after being screened
using the Berlin questionnaire [4]. In a similar study,
about 28% of commercial truck drivers were found to
have OSA symptoms [5]. According to a study conducted
by Pack et al. in 2002 among commercial drivers in
Pennsylvania, the researchers reported that about 17.6%
of drivers had mild OSA, 5.8% had moderate OSA and
4.7% had severe OSA [6]. Furthermore, in a recent survey conducted by Federal Motor Carrier Safety Administration, they found that OSA affects more than 40% of
commercial drivers in United States. Moreover, it is interesting to highlight that one of every three 18-wheelers
in United States had found to have a driver suffer the
OSA [7].
The relationship between sleep apnea and motor vehicle crash (MVC) has been recognized for over a decade.
Many studies have shown the relationship between MVC
and OSA. Based on a systematic review conducted by
Ellen et al. 2006, seven out of 18 studies have found statistically significant positive relationship between severity of OSA and risk of crash. In addition to that, the
strength of the association was found to be approximately two folds in the studies with the positive relationship
[8]. Those findings have been supported by another
similar systematic review done by Tregear et al. in 2009,
they found that individuals with OSA were clearly having increased risk for crash with the mean crash-rate ratio
associated with OSA was likely to fall within the range
of 1.21 to 4.89 [9].
Similarly, another study conducted by Findley et al.
(1988) reported that patients with sleep apnea had a
seven-fold greater risk of road accidents compared to
normal patients [10]. In addition, about 24% of OSA
patients were reported to have fallen asleep at least once
per week while driving. Later studies show that there
may be as much as a 15-fold increase in risk for OSA
drivers compared with those without the condition [11,
12].
Thus, from studies carried out in all parts of the world,
the prevalence of OSA among commercial drivers has
been found to be quite high and also has an established
association with crash. However, only a small number of
studies have been conducted in this country. Therefore,
this paper aims to highlight the issues related to OSA
among commercial vehicle drivers in Malaysia taking
into an example of the two studies conducted among
truck and express bus drivers. The paper is also intended
Copyright © 2013 SciRes.
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to highlight efforts and initiatives to address the issues
related to OSA among commercial vehicle drivers.

2. METHODOLOGY
2.1. Subject Selection
All truck drivers from a logistic company were recruited for the study. A total of 130 commercial truck
participated in the study. Meanwhile, for study among
express bus drivers, 292 bus drivers were randomly selected from a list of drivers obtained from five express
bus companies operated in Malaysia. All drivers were
commercial vehicle license holders and able to communicate either in Malay or English. Drivers with mental or
psychiatric illness were excluded.

2.2. Data Collection Method
2.2.1. Screening of OSA
Malay version of Berlin questionnaire was used to assess high risk group of OSA among drivers. Physical
assessment was carried out to obtain BMI, blood pressure and neck circumference of drivers. A written informed consent was obtained from participants prior to
the data collection process. Each participant was required
to complete the Berlin questionnaire and a socio-demographic form before proceeding with the physical measurement. Tokens were rewarded to the participant at the
end of the session.
2.2.2. Confirmatory Sleep Test
For express bus drivers, all of them were subjected to
polysomnography testing at a local university hospital to
confirm the status of OSA after they had completed the
Berlin Questionnaire. However, for truck drivers, no
confirmation with polysomnography test was done due to
budget constraint.

2.3. Statistical Analysis
Specifically for the cross sectional study among truck
drivers, data was analyzed using statistical software
SPSS version 20. Frequency distribution and proportion
was used to describe categorical variables while mean
and SD for quantitative variables. Odds ratio was calculated to determine the association of OSA risk group and
MVC.

3. RESULTS
3.1. Prevalence of OSA among Commercial
Vehicle Driver
Screening of risk group of OSA among truck drivers
revealed that 14.6% (19) of drivers were categorized as
having high risk of OSA while 85.4% (111) having low
risk of OSA. In contrast, based on polysomnography test
OPEN ACCESS
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using an Embletta® X100 device findings showed that
128 of express bus drivers (44.3%) had AHI of 5 or more
episodes per hour of sleep, 83 (28.7%) had AHI of 5 to
<15 or mild OSA, 26 (9.0%) had AHI of 15 to <30 or
moderate OSA, and 19 drivers (6.6%) had 30 or more
episodes of AHI per hour of sleep, which represents severe OSA.

risk group of truck drivers as well as OSA and non OSA
case of bus drivers. Study among both groups of drivers
(bus drivers and truck drivers) revealed that snoring were
significantly higher among drivers with OSA and high
risk group. However, frequent waking while sleeping
were significantly higher among bus drivers with OSA
while witnessed apnea among truck drivers were significantly higher among high risk group of OSA. Both
groups of drivers reported no significant difference in the
occurrence of morning headache, and daytime somnolence or excessive daytime sleepiness.

3.2. Associated Factors of OSA
Table 1 represent a summary of occurrence of related
symptoms and characteristics between high risk and low

Table 1. Differences in the occurrence of related symptoms and characteristics between high and low risk of OSA.
Commercial Bus Driver
Variables

OSA

Non-OSA

Commercial Truck Driver
p-value

High risk of OSA

Low risk of OSA

N (%)

Mean(SD)

N (%)

Mean(SD)

p-value

N (%)

Mean(SD)

N (%)

Mean(SD)

Age (year)

-

45.4 (7.0)

-

42.5 (7.6)

0.001a

-

40.2 (8.8)

-

38.7 (10.9) 0.579 a

BMI (kg/m2)

-

29.4 (4.9)

-

25.7 (4.1) <0.001a

-

30.6 (3.8)

-

24.8 (4.6)

<0.001a

Neck circumference (cm)

-

40.0 (3.1)

-

37.4 (2.9) <0.001a

-

40.9 (2.4)

-

38.2 (3.0)

<0.001a

Yes

67 (52.3)

-

108 (67.1)

-

9 (47.4)

-

77 (69.4)

-

0.061b

No

61 (47.7)

-

53 (32.9)

-

10 (52.6)

-

34(30.6)

-

Yes

10 (7.8)

-

9(5.6)

-

2 (10.5)

-

5 (4.5)

-

No

118 (92.2)

-

152(94.4)

-

17 (89.5)

-

106 (95.5)

-

Yes

57 (44.5)

-

30 (18.6)

-

2 (10.5)

-

32 (28.8)

-

No

71 (55.5)

-

131 (81.4)

-

17 (89.5)

-

79 (71.2)

-

Yes

7 (5.5)

-

4 (2.5)

-

3(15.8)

-

3 (2.7)

-

No

121 (94.5)

-

157 (97.5)

-

16(84.2)

-

108 (97.3)

-

Yes

12 (9.4)

-

10 (6.2)

-

1(5.3)

-

5 (4.5)

-

No

116 (90.6)

-

151 (93.8)

-

18 (94.7)

-

106 (95.5)

-

Yes

8 (6.3)

-

8(5.0)

-

4 (78.9)

-

15 (13.5)

-

No

120 (93.7)

-

153(95.0)

-

15 (21.1)

-

96 (86.5)

-

Yes

105 (82.0)

-

87 (54.0)

-

<0.001b 18 (94.7)

-

27 (31.4)

-

No

23 (18.0)

-

74 (46.0)

-

1 (5.3)

-

59 (68.6)

-

15(11.7)

-

8 (5.0)

-

0 (0)

-

8 (7.2)

-

-

153 (95.0)

-

19 (100.0)

-

103 (92.8)

-

Smokers
0.038b

Diabetes
0.449b

0.283c

Hypertension/high blood pressure
<0.001b

0.093c

Witnessed apnoea
0.225c

0.012c

Morning headache
0.314b

0.884c

Daytime somnolence
0.636b

0.390c

Snoring
<0.001b

Frequent waking while sleeping
Yes
No
a

113(88.3)
b

0.035b

0.227c

c

p Value of t statistics, p Value of chi-square test, p Value of Fisher’s exact test.
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The BMI (Mean = 30.6 ± SD 3.8, p < 0.001) and neck
circumference (Mean = 40.9 ± SD 2.4, p < 0.001) of the
truck drivers were significantly higher among high risk
group of OSA. Whereas among bus drivers, age (Mean =
45.4 ± SD 7.0, p = 0.001), BMI (Mean = 29.4 ± SD 4.9,
p < 0.001), neck circumference (Mean = 40.0 ± SD 3.1, p
< 0.001) and hypertension were significantly higher
among those with OSA.

3.3. Association of OSA and Motor Vehicle
Crash (MVC)
The odds ratio for history of MVC for the past three
years was calculated between those with high and low
risk of OSA as presented in Table 2. The result shows
that there was a difference in the MVC involvement between the high risk group and low risk group. High risk
group of OSA were more likely to be involved in MVC
than low risk group. However, the difference was not
statistically significant. This could be due to small sample size.

3.4. Efforts & Initiatives Relating to Fatigue
Management and OSA
In Malaysia, under the Road Transport Act (1987), all
commercial vehicle drivers are required to obtain a
medical certificate for application and renewal of his
license on a yearly basis [13]. The medical certificate is
to certify that he is not suffering from any disease or
physical disability which is likely to interfere with the
efficient discharge of his duties as a driver or to cause his
driving of a commercial vehicle to be a source of danger
to the public. Under the current regulation, Public Service Vehicles (Licensing and Conduct of Drivers, Conductors and Passengers) Rules 1959, the general rule
indicates that a driving license should not be given or
renewed to any candidates suffering from a medical condition likely to compromise safety on the road, except if
certified medically fit by a medical practitioner. However,
there was no specific medical conditions or disorders
mentioned in the Road Transport Act (1987). “Medically
Table 2. Likelihood of OSA risk group involved in MVC
among truck drivers.
OSA screening

N (%)

OR (95% CI)

Involved in MVC

8

1.58 (0.52, 4.72)

Not involved in MVC

11

High risk

Low risk
Involved in MVC

35

Not involved in MVC

76
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fit to drive” is solely based on the professional judgement of medical practitioners who examine the case.
Based on the previous approach, Sleep apnea was never
been considered as one of the medical condition that
need to be screened for many reasons which include
weakness in the previous medical examination format,
lack of aware- ness among general practitioners on sleep
apnea, and lack of health facilities equipped with sleep
study test. In addition, issues on sleep apnea and crash
was never been highlighted prior to these two studies
(Study among bus and truck drivers).
In view of the weakness of the current system, Road
Transport Department of Malaysia in collaboration with
the Ministry of Health and Malaysian Institute of Road
Safety Research (MIROS) have established a medical
standard as a guide for the purpose of medical examination as a pre-condition for licensing. Subsequently, in
2011, the Medical Examination Standard for Vocational
Driver’s Licensing was published by Ministry of Health.
According to the standard, any applicant not fulfilling the
criteria stated will be considered as unfit for a vocational
driving license. In view of the high prevalence of sleep
apnea among commercial vehicle drivers as reported by
MIROS’s studies, Obstructive Sleep Apnea was included
in the standard [14].
Another initiative taken in Malaysia to tackle issues
concerning commercial drivers is the Occupational
Safety and Health of the Industry Code of Practice
(ICOP) for Road Transport Activities 2010. The ICOP is
applicable to vehicles involved in road transport activities including vehicles such as commercial vehicles, public service vehicles, goods vehicles and tourism vehicles
[15]. One of the objectives of the ICOP is to manage
issues related to drivers namely fatigue, sleepiness, and
indirectly OSA.

4. DISCUSSION
This study revealed that 14.6% of commercial truck
drivers were categorized as high risk group for OSA
based on internationally validated tool: Berlin Questionnaire. Even though the result was not confirmed with
polysomnography sleep study, it is highly likely that the
prevalence is the true prevalence as the Berlin Questionnaire is a validated tool widely used for OSA screening
with high sensitivity and specificity [16,17]. Based on
the study conducted by Netzer and his colleague, the
Berlin questionnaire has been evaluated in the population
of Cleveland, Ohio with a sensitivity of 86 per cent and
specificity of 77 per cent [16]. Similarly, a validation
study conducted in India by Sharma et al. (2006) produced a comparable finding with 86% sensitivity and
95% specificity, positive and negative predictive values
of 96 and 82%. In their conclusion, Sharma et al. conOPEN ACCESS
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cluded that administration of Berlin Questionnaire can
identify high risk subjects and can thus avoid unnecessary polysomnography studies especially in resourcelimited setting [17].
Among the truck drivers studied, snoring, witnessed
apnea, BMI and neck circumference were found to be
significantly higher among the high risk group of OSA.
This is similar to the findings among the express bus
drivers confirmed to have OSA. The same findings have
also been presented by other studies utilizing confirmatory measures of OSA through sleep tests conducted
elsewhere [18,19]. Due to financial limitations, the truck
drivers who have been already been screened did not
undergo further confirmatory test or sleep test. Results of
the polysomnography tests for the express bus drivers
show that the prevalence of sleep apnea as measured by
the AHI was high with 44.3, 15.6, and 6.6 percent of the
drivers suffering from mild, moderate, and severe OSA
respectively. This finding is higher compared to studies
in other places [19,20].
In Malaysia, motor vehicle crashes involving commercial vehicles are alarming. Road accident statistics
for a period of ten years from 2002 to 2011 have shown
an increasing total number of busses and lorries involved
in road crashes [21]. Meanwhile, annual statistics of MIROS crash investigations from the year 2007 to 2011
revealed that fatigue is among the highest contributor for
crashes involving one to three fatalities (13.5%) and
crashes involving more than three fatalities (20.8%). Fatigue has also been identified as the highest contributor
for crashes at 53% among bus and lorry drivers [22].
Fatigue among bus express was reported to be from 32%
to 37.7% after the drivers completed their trips [23,24].
Fatigue is a common complaint in OSA and about 42%
of those with OSA reported a significant amount of fatigue [25]. As the nature of work of bus and truck drivers
involve driving long distances and rotating work shifts, it
is more likely for this group of drivers with OSA to experience fatigue and sleepiness while driving.
The number of PSV and GDL license holders is
showing a steady and increasing trend in the last ten
years [26]. The increased exposure of bus and lorry drivers combined with the high prevalence of OSA among
this group of drivers and their nature of work increases
their risk of MVC involvement. OSA has been reported
as a risk factor due to sudden performance impairment in
driving and could lead to accidents [27]. The association
between OSA and MVC has been well documented.
Those with OSA had risk 2 to 7 times higher to be involved in MVC compared to those without OSA depending on its severity [8,11,28]. However, in this study
we were unable to demonstrate the significant association between both. A possible explanation for this result
is that the history of MVC obtained through questionCopyright © 2013 SciRes.

naire was subjected to reporting bias. In addition, the
study design used was not the best method in determineing the association of OSA and MVC. The more appropriate study design would be a case control or a cohort
study. However, due to time and budget constraints, a
cohort study would not be possible as it requires a longer
follow up time and a big group of driver cohort. In contrast, difficulty in identifying the case of drivers limits
the possibility of conducting a case control study. Moreover, current status of OSA based on Berlin Questionnaire or polysomnography test may not reflect the situation in the past.
Based on the results of the study, the importance of
screening for the features and the risk of OSA among
commercial vehicle drivers in Malaysia as part of a
medical assessment for either initial licensing or renewal
of a commercial vehicle driving license have been emphasized. Those with a high index of suspicion for OSA
should be subjected to a sleep test to confirm the diagnosis, and finally treatment can be given accordingly. Due
to this concern, Malaysia has taken an initiative of refining the current medical requirement for the pre-licensing
of commercial vehicle drivers. OSA has been included as
one of the criteria for medical examination of commercial vehicle driving license holders before being granted
with new or renewed licenses. However, the implementtation of the medical examination according to the newly
established medical examination standard for commercial vehicle drivers has yet to be on the ground as the
efforts to materialize it are still in progress. Specific
regulatory standards of OSA as one of the criteria for
medical examination is well established and implemented in other countries such as United Kingdom,
Sweden, Poland, Spain, Belgium, France, Denmark,
Luxembourg, Portugal, Finland, Germany, Australia,
Canada, New Zealand and United States [29].
In the ICOP published in 2010, as stated in Part 3
“Driver Management”, there are four sub-elements
which specifically cater to maintain driver fitness. The
four sub-elements are driving hours and working hour
limits, driver rotation system, driver monitoring, and
driver health and welfare.

Summary
In summary, the prevalence of OSA among truck and
express bus drivers as reported by our study is alarming.
The results highlighted the importance of screening for
the symptoms and the risk of OSA among commercial
vehicle drivers in Malaysia as part of a medical assessment for either initial licensing or renewal of a commercial vehicle driving license. Finally, subsequent treatment
of drivers with OSA may improve road traffic safety. A
special study focusing on sleep and fatigue related
crashes may need to be conducted to complement the
OPEN ACCESS
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current studies. Moreover, inter agencies collaboration
and full implementation of existing efforts as well as
initiatives to address OSA and driver fatigue in road
crashes should be realized by the relevant authorities.
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