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Abstract: This study aimed to describe sleep quality and explore factors associated with poor sleep 
quality in Thai intercity bus drivers. A cross-sectional design was employed with a sample of inter-
city bus drivers from 4 bus transportation companies. The Thai-PSQI was used to identify sleep 
quality, and the Thai Berlin Questionnaire used to assess sleep apnea risk. Data analysis included 
descriptive statistics and logistic regression. A total of 338 surveys were analyzed. All bus drivers 
were male; almost 66% of the bus drivers were defined as poor sleepers, and 18.1% were assessed 
as being at high risk for obstructive sleep apnea. Working night shifts (OR=20.6), rotating day or 
night shifts (OR=17.0), alcohol consumption (OR=2.7), being married (OR=3.1), and not exercising 
(OR=2.3) were related to poor sleep quality. The majority of the Thai intercity bus drivers in our 
study reported poor sleep quality indicating that action is required at both company and individual 
levels to encourage the adoption of healthy lifestyles and improvement of working conditions.
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Introduction

Sleep problems impact workers’ health and pose an im-
portant public health concern. There is a growing aware-
ness about the role of inadequate sleep and fatigue as the 
root cause of thousands of traffic crashes1). Sleep quality 
is crucial among long-distance drivers and the research 
supported that good sleep quality resulted in a 62% reduc-
tion in cardiovascular risk2). Drivers who slept less than 
7 h and reported poor sleep quality were more fatigued 
than those with sufficient sleep3). Drowsy driving has been 
found to be as dangerous as drunk driving because both 
drowsiness and alcohol impair driving ability, concentra-
tion and alertness, decision making, and delay reaction 
times4). Fatigue-related accidents are complex and the 

causes of fatigue include driving stresses; prolonged driv-
ing; insufficient sleep and sleep disorders; time of day and 
circadian variation; and motivation5).

Prolonged driving produces fatigue and impairs driving’s 
performance putting drivers at high risk to have traffic 
crashes. Fatigue is related to increased risk of inattention to 
traffic signs, a lack of awareness of safety behaviors, errors 
in dealing with the unexpected situation such as road condi-
tions or other driver behaviors6). Drivers who fall asleep 
while driving may run off the road or into other cars or ob-
stacles7). Previous studies have shown that bus drivers in a 
number of countries experience drowsy driving, sleep prob-
lems, and low sleep quality8–10). Drivers involved in crashes 
were shown to have poor sleep quality11), shorter sleeping 
hours, and higher levels of excessive daytime sleepiness12). 
Fatigue, sleepiness, excessive speed, use of mobile phones, 
lapses, errors, and traffic violations were related to injuries 
from motor vehicle crashes among bus drivers in Turkey13). 
Nearly three quarters (74%) of bus drivers in Peru reported 
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that while driving they experienced fatigue, 25% felt sleepy, 
and “nodding off” and these increase the risk of accidents or 
near accidents14). In Thailand, 73.4% of bus drivers reported 
drowsy driving; although this study did not investigate 
associated accidents15). It is known that excessive daytime 
sleepiness resulting from sleep deprivation has a strong 
relationship with accidents16).

Sleep quality in bus drivers may be affected by demo-
graphic characteristics, health status, and working condi-
tions. Age, marital status, body mass index (BMI), disease 
and drug history are related to insomnia17). Bus drivers 
have also been found to be at high risk for obstructive sleep 
apnea (OSA)18, 19) and risk of OSA is associated with a low 
quality of sleep20). When untreated, sleep apnea increases 
the risk of sleep-related traffic crashes because the sedentary 
nature of driving is likely to increase sleepiness21). Working 
conditions such as evening and night work shifts and driv-
ing long hours each day have been found to be related to 
sleep disturbances22). Unrealistic work schedules, less than 
20 yr of driving experience, and low job satisfaction have 
also been associated with poor sleep quality20).

The World Health Organization (WHO) reported that 
Thailand had the second-highest number of traffic deaths 
in the world and about 1% involved the death of bus driv-
ers and their passengers23). Public bus transportation is a 
major form of public transport both within and between 
cities in Thailand. In this paper, we have used the term “bus 
drivers” to refer to drivers who drive between cities rather 
than local bus drivers. These are referred in other studies as 
coach drivers or highway drivers. Many bus journeys are 
overnight posing additional sleep challenges for drivers. 
However, little information is available about sleep qual-
ity and related factors in intercity bus drivers in Thailand. 
Similarly, the risk of OSA has not been previously studied 
in Thai bus drivers. Both sleep quality and risk of OSA are 
essential considerations in maintaining the health and safety 
of employees. This cross-sectional study aimed to describe 
sleep quality and explore factors associated with poor sleep 
quality in intercity Thai bus drivers. We hypothesized that 
Thai intercity bus drivers would report poor sleep quality 
and that health problems, OSA risk, health behaviors, and 
working conditions would be associated factors.

Materials and Methods

Study design and population
This study employed a cross-sectional design. The study 

participants included 484 bus drivers from four bus trans-
portation companies in Thailand. The sample size of this 

study was calculated based on the data from the previous 
research in which poor sleep quality was reported at 27.2% 
and was associated with five independent risk factors20). 
With a power of 0.8 and level of significance of 0.05, the 
total sample size was 440 participants: we aimed to enroll 
another 10% to compensate for missing data: finally, 484 
participants were recruited into the study.

Seven bus transportation companies across Thailand 
were contacted, and four companies agreed to participate. 
A survey comprising three questionnaires was sent to these 
commercial bus transportation companies and question-
naires were distributed to bus drivers who met the inclu-
sion criteria: (1) drive between cities (2) had been driving 
in the current company for at least one year, and (3) able 
to read the Thai language.

Measurements
Sleep quality

The Thai version of the Pittsburgh Sleep Quality Index 
(Thai-PSQI) was used to measure sleep quality24). The 
PSQI assesses overall sleep quality over the previous 
month. It comprises 19 self-rated items categorized into 
seven components: sleep latency, sleep duration, sleep 
disturbances, habitual sleep efficiency, subjective sleep 
quality, use of sleep medications, and daytime dysfunc-
tion. Responses are recorded on a scale ranging from 0 to 
3, with 3 indicating the greatest dysfunction. Summing of 
the seven component scores yields one global sleep score 
ranging from 0 to 21 and the global scores greater than 5 
indicate poor sleep quality24, 25). In the study reporting the 
Thai version of the questionnaire, the Cronbach’s alpha 
was 0.84; test-retest reliability was 0.89; the sensitivity 
for discriminating good sleepers from poor sleepers was 
77.78%, and the specificity for correctly classifying good 
sleepers was 93.33%24). In our study, a Cronbach’s alpha 
of 0.72 was obtained for the questionnaire.

Risk of sleep apnea
The Thai version of the Berlin Questionnaire was used 

to measure the risk of sleep apnea26). The questionnaire 
has ten items divided into three categories: (1) snoring, 
(2) wake time sleepiness and/or drowsy driving, and 
(3) history of hypertension or BMI >30 kilograms per 
square meter (kg/m2). If respondents are found to fall into 
at least two categories, they are defined as being at high 
risk of sleep apnea; those that fall into one or no category 
are defined as being at low risk. The Thai version had a re-
ported Cronbach’s alpha of 0.68. Test-retest reliability was 
0.97. The sensitivity of the questionnaire was 87%, and the 
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specificity was 75%26). In our study, the Cronbach’s alpha 
for the questionnaire was 0.79. Permission was obtained 
for the use of the Thai version instruments.

Sociodemographic, lifestyle behaviors, and work data
We prepared a questionnaire to collect participant data 

on sociodemographic, lifestyle behaviors, and work charac-
teristics. Sociodemographic variables included age, marital 
status, body mass index (BMI), health status, lifestyle be-
haviors, including alcohol and coffee consumption, smok-
ing habits, use of energy drinks, and whether they exercised 
or not. BMI was calculated as weight divided by squared 
height (kg/m2). According to the WHO recommendation for 
Asian populations, participant BMIs were categorized into 
underweight (<18.5 kg/m2), normal weight (18.5 to 22.9 kg/
m2), overweight (23–24.9 kg/m2), and obesity (≥25 kg/
m2)27). Regarding health status, participants were asked if 
they had any current health problems and if so, were asked 
to list these. Lastly, participants were asked about their work 
characteristics, including years of commercial bus driving, 
driving shift(s), a number of routes per day, driving hours 
per route, rest during driving, and having switching drivers.

Data analysis
Participant characteristics and sleep quality were de-

scribed using descriptive statistics. Categorical data were 
presented as numbers and percentages. Univariate logistic 
regression was used to identify the relationship between 
each variable and sleep quality. The invested variables 
were demographic characteristics, health behaviors, work-
ing conditions, and risk of sleep apnea. The variables with 
p-values less than 0.25 and those with clinical significance 
were selected in multivariate logistic regression28). Multi-
variate logistic regression using the enter method which all 
independent variables are entered into the equation at the 
same time was used to analyze factors related to low sleep 
quality. All variables included in the model are shown in 
the multivariate analysis table (Table 3). The Statistical 
Package for the Social Science (version 22, IBM SPSS 
Statistics) was used. A statistical significance level of 
α=0.05 was adopted for the analyses.

Ethics
The study was approved by the Research Ethical Com-

mittee of the Faculty of Nursing, Chiang Mai University, 
Thailand (Ref: no. 142/2015). Surveys were given to 
each participant in sealed envelopes that also included an 
information sheet about the study and an informed consent 
form. Signed informed consent was obtained from all par-

ticipants. We assured participants that confidentiality would 
be maintained and that no identifying information would 
be revealed in research reports or scientific publications.

Results

A total of 444 participants returned the survey along with 
written informed consent, with a response rate of 99.1%. 
Among these surveys, 107 were excluded because of in-
complete sleep quality responses that could not be the sum 
of the score to define good or poor sleep quality. Therefore, 
a total of 338 surveys were analyzed. All the bus drivers 
were male with a mean age of 45.8 yr (SD=8.1), and 73.6% 
were married. About 26% of participants reported having 
chronic health problems, and diabetes was the most preva-
lent, followed by hypertension. Participant means BMI was 
25.6 kg/m2 and 48.5% were defined as obese. Regarding 
lifestyle behaviors, 27.8% of the participants currently 
smoked, 91.6% consumed coffee, and 54.3% used alcohol. 
About 18.1% of the bus drivers were found to be at high 
risk for sleep apnea. As for working conditions, 70.3% of 
the bus drivers worked rotating day or night driving shifts, 
and 40.3% reported driving at least 5 h per route.

The average sleep duration was 5.5 h (SD=1.8), and 
33.4% had less than 5 h of sleep. Sleep latency of between 
16 and 30 min was reported by 53.2% of participants, 
and 37.5% had habitual sleep efficiency of less than 65%. 
However, 58.1% reported that their sleep was reasonably 
good. About 12.7% used sleep medications in the previous 
month and results from the global PSQI score indicated 
that 65.7% of the bus drivers had poor sleep quality (PSQI 
scores >5) (Table 1).

Table 2 presents the univariate logistic regression. 
The variables included age, marital status, educational 
level, BMI, health status, smoking, alcohol use, caffeine 
consumption, use of energy drinks, exercise, years of com-
pany driving experience, driving shift(s), total driving hour 
per day, rest during driving, having switching drivers, and 
risk of sleep apnea. The analysis showed an increased risk 
of poor sleep quality for variables related to marital status, 
years of driving experience, driving shifts, and switching 
drivers during a route.

In multivariate analysis, variables were entered to 
explore potential risk factors for low sleep quality and 
the results showed that married status (OR=3.1, 95% 
CI=1.2−8.2), alcohol consumption (OR=2.7, 95% CI=1.3–
5.6), no exercise (OR=2.3, 95% CI=1.1–4.9), night driving 
shift (OR=20.6, 95% CI=4.9−87.3), and rotating day or 
night driving shift (OR=17.0, 95% CI=5.1−56.6), were 
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related to poor sleep quality (Table 3).

Discussion

In line with our hypothesis that bus drivers would report 
poor sleep quality, nearly 66% of bus drivers did. The 
high rates of poor sleep quality raise obvious concerns for 
public and passenger safety. This result was comparable 
to a Buenos Aires study which reported that 66.7% of 
bus drivers suffered from poor sleep quality10) but much 
higher than that reported by general adult drivers in Korea 
(21%)29). It is likely that bus drivers had poorer sleep 
quality than drivers in general because of the working 
conditions such as shift work. In addition, the mean sleep 
duration reported by bus drivers in our study was 5.5 h, 
considerably less than that reported by bus drivers in other 
countries which ranged from 6.2 to 6.7 h10, 18, 30).

In regard to factors associated with poor sleep quality, 
alcohol consumption was reported by 54.3% of bus drivers, 

of those consuming alcohol, 11% reported consuming alco-
hol daily. Drivers who consumed alcohol were more likely 
to report poorer sleep quality than those who did not. This 
result was in line with that of Park et al.31), who stated that 
alcohol use was significantly associated with some PSQI 
components—namely, subjective sleep quality, sleep dura-
tion, and sleep disturbance—in the Korean general popula-
tion. The poor quality of sleep associated with alcohol 
consumption is perhaps due to the tendency for alcohol to 
briefly increase sleepiness but later cause frequent waken-
ing and early morning wakening32). The high rate of alcohol 
consumption in our study suggests that bus companies need 
to develop prevention programs and that legislation regard-
ing drink driving should be strictly enforced.

In our study, bus drivers who reported not exercising 
showed a high risk for poor sleep quality. A recent system-
atic review and meta-analysis from six trails confirmed 
that exercise could improve sleep quality33). It has been 
known that exercise enhances sleep through increasing en-
ergy consumption, endorphin secretion, and body tempera-
ture which can facilitate the sleep process34, 35). However, 
bus drivers’ irregular work schedules are an obstacle to 
establishing a regular exercise regimen and 34.4% of bus 
drivers in our study reported not exercising.

Regarding working conditions, our analysis confirmed 
that bus drivers working night shifts and a rotating day 
or night shifts were more likely to have poor sleep qual-
ity than drivers’ working day shifts alone. However, the 
confidence intervals in this analysis were relatively wide 
because relatively few participants worked day shifts. 
Intercity Thai buses are commonly timetabled to oper-
ate overnight to avoid traffic and avoid delays and this 
disrupts drivers’ normal circadian rhythms. Previous 
studies have also found that truck drivers with irregular 
schedules slept less and experienced more sleep disruption 
than those with fixed work shifts36). It seems clear that 
bus drivers working rotating shifts accumulate sleep debt 
and fatigue due to working at night37). In addition, sleep 
structure is affected when sleep occurs during the day after 
working at night. The changes in sleep structure take the 
form of increased REM sleep latency, a decreased percent-
age of REM sleep38), reduced sleep duration, and reduced 
sleep efficiency39). Moreover, daytime sleeping results in 
misalignment of the circadian rhythm because melatonin 
secretion decreases and core body temperature increases 
during the day, and both impair sleep quality37).

The risk of OSA showed a moderate prevalence (18.1%). 
This prevalence was slightly lower than that found in truck 
drivers in Belgium (21.5%)20) and Iran (24.8%)19) but 

Table 1. Sleep quality of bus drivers

PSQI items n % Mean (SD)

Sleep latency (min)  (N=316) 20.4 (15.9)
≤15 71 22.5
16–30 168 53.2
31–60 69 21.8
>60 8 2.5

Sleep duration (h) (N=335) 5.5 (1.8)
>7 66 19.7
6–7 34 10.2
5–6 123 36.7
<5 112 33.4

Sleep efficiency (%) (N=283) 74.8 (27.54)
≥85 88 31.1
75–84 51 18
65–74 38 13.4
<65 106 37.5

Subjective sleep quality (N=334)
Very good 88 26.3
Fairly good 194 58.1
Fairly bad 51 15.3
Very bad 1 0.3

Use of sleeping medication  (N=331)
Never 289 87.3
Use less than once a week 33 10
Use more than once a week 9 2.7

Global PSQI scores (N=338)
Poor sleepers (PSQI >5) 222 65.7
Good sleepers (PSQI ≤5) 116 34.3

PSQI: Pittsburgh Sleep Quality Index.
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Table 2. Association between poor sleep quality and potential risk factors using univariate logistic regression

Characteristics
Number of 
respondents

Drivers with poor sleep quality
n % OR 95% CI p-value

Age (yr)  (N=329) 0.143
<40 83 49 59.1 ref
≥40 246 167 67.9 0.68 0.41–1.14

Marital status (N=329) 0.037*
Single 50 25 50 ref
Married 242 164 67.8 2.1 1.14–3.90
Divorced/separated 37 27 73 2.7 1.08–6.73

Level of education (N=333) 0.11
Higher than primary school 103 61 59.2 ref
Primary school 230 157 68.3 0.68 0.42–1.09

Health problems (N=322) 0.733
No 240 156 65 ref
Yes 82 55 62.5 1.1 0.65–1.87

BMI (kg/m2)  (N=326) 0.114
≤22.9 94 54 57.4 ref
23–24.9 74 54 73 2 1.04–3.85
≥25 158 103 65.2 1.39 0.822–2.34

Smoking habits (N=338) 0.968
No smoking 176 115 65.3 ref
Used to smoke 68 45 66.2 1.07 0.59–1.93
Current smoking 94 62 66 1.06 0.62–1.79

Coffee consumption (N=335) 0.525
No 28 20 71.4 ref
Yes 307 201 65.4 0.76 0.32–1.78

Alcohol consumption (N=335) 0.301
No 153 96 62.7 ref
Yes 182 124 68.1 1.27 0.81–1.99

Use of energy drinks (N=333) 0.144
No 86 51 59.3 ref
Yes 247 168 68 1.46 0.88–2.42

Exercise (N=326) 0.095
Yes 214 135 63.1 ref
No 112 81 72.3 1.53 0.93–2.52

Risk of OSA (N=320) 0.148
No 262 168 64 ref
Yes 58 43 74.1 1.6 0.85–3.04

Years of bus driving (N=317) 0.003**
>10 yr 165 95 57.6 ref
≤10 yr 152 112 73.7 0.49 0.30–0.78

Driving shift(s) (N=333) 0.000**
Day only 41 7 17.1 ref
Night only 58 43 74.1 13.92 5.10–37.99
Day or night 234 167 71.4 12.11 5.12–28.65

Driving hours per/route (N=288) 0.786
<5 h 172 110 64 ref
≥5 h 116 76 65.5 1.07 0.654–1.75

Rest period during each route (N=334) 0.518
Yes 274 181 66.1 ref
No 60 37 61.7 0.83 0.46–1.47

Switching of drivers during routes (N=334) 0.000**
Yes 265 189 71.3 ref
No 69 29 42 0.29 0.17–0.50

Number of routes per day (N=300) 0.164
1 ride 203 138 68 ref
>1 ride 97 58 59.8 0.70 0.42–1.16

*p<0.05, **p<0.01, OR: Odds Ratio; CI: Confidence Interval; BMI: Body mass index; OSA: Obstructive sleep apnea.
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higher than that found in drivers in Saudi Arabia (11.3%)18). 
It is evident that OSA risk is prevalent in truck and bus 
drivers. Variations in OSA risk prevalence seen across 
studies are common due to population differences as well 
as variations in methods used to measure sleep apnea such 
as using a risk questionnaire or polysomnography. In our 
study, we found no significant relationship between risks 
of OSA and sleep quality perhaps because the majority 
of bus drivers showed a low risk of OSA (81.9%), and 
that other factors such as working conditions may have a 
greater influence on sleep quality. Further studies should 
be performed to more thoroughly examine the potential 
relationship between OSA risks and sleep quality.

Demographic characteristics such as age, BMI, and 
health problems were not significantly related to poor 
sleep quality in our study. This lack of association between 
age, health problems, and poor sleep quality may be ex-
plained by the low rate of reported health problems (25.5%) 
in our study and other factors may account for poor sleep 
quality rather than age itself. In previous studies, BMI 

was found to be related to daytime sleepiness40) and risk 
of OSA41), but there is a lack of data on the relationship 
to sleep quality in this study. It is likely that a number of 
physical and mental health factors, other than age, affect 
sleep quality in older individuals.

Although there are no restrictions on women becoming 
drivers in Thailand, there is a perception that men are bet-
ter drivers and that driving buses between cities are a job 
for males with women required to be responsible for the 
family. Few previous studies have compared the health, 
well-being and psychophysiological differences between 
male and female bus drivers but results suggest that no 
gender differences exist on occupational stressors42). Fe-
male and males both had higher levels of stress hormone 
and, while at work, self-reported distress and mood were 
similar for both genders43).

Conclusion

The study results indicate a high prevalence of poor 

Table 3. Multivariate logistic regression analysis of factors related to poor sleep quality

Variable OR (95% CI) p-value

Age (<40 vs. ≥40 (ref)) 1.24 (0.51–3.01) 0.631
Marital status (single (ref), married, divorced/separated) 

Married 3.11 (1.18–8.19) 0.022*
Divorced/separated 2.22 (0.63–7.81) 0.214

Level of education (higher than primary school vs. primary school (ref)) 0.67 (0.31–1.44) 0.302
Health problems (no (ref) vs. yes) 0.49 (0.20–1.17) 0.106
BMI (≤22.9 (ref), 23–24.9, ≥25)

23–24.9 1.99 (0.73–5.40) 0.177
≥25 0.76 (0.33–1.73) 0.51

Smoking habits (no (ref), used to, current)
Used to smoke 1.65 (0.66–4.16) 0.286
Current smoke 1.09 (0.48–2.51) 0.83

Coffee consumption (yes vs. no (ref)) 0.57 (0.18–1.86) 0.352
Alcohol consumption (yes vs. no (ref)) 2.71 (1.31–5.58) 0.007**
Use of energy drinks (yes vs. no (ref)) 1.24 (0.57–2.70) 0.58
Exercise (no vs. yes (ref)) 2.29 (1.07–4.88) 0.033*
Risk of OSA (yes vs. no (ref)) 1.15 (0.43–3.06) 0.783
Years of bus driving ( >10 yr (ref) vs. ≤10 yr)   0.45 (0.20–1.00) 0.05
Driving shift(s) (day (ref), night, day or night)

Night only 20.63 (4.88–87.25) 0.000**
Day or night 17.04 (5.13–56.56) 0.000**

Driving hours per/route (≥5 h vs. <5 h (ref)) 0.81 (0.39–1.72) 0.59
Rest period during each route (no vs. yes (ref)) 0.78 (0.32–1.90) 0.588
Switching of drivers during routes (no vs. yes (ref)) 2.45 (0.98–6.17) 0.057
Number of routes per day (1 ride (ref) vs. >1 ride) 1.33 (0.62–2.86) 0.461

*p<0.05, **p<0.01, dependent variable: sleep quality (poor and good sleep quality).
OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; OSA Obstructive sleep apnea.
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sleep quality among Thai bus drivers. Related factors for 
poor sleep quality are alcohol consumption and shift work-
ing conditions, but exercise showed a protective effect. 
Although the risk of OSA was not statistically significantly 
associated with poor sleep quality, the number of bus 
drivers with a high risk of OSA reporting poor sleep qual-
ity were higher than those reporting good sleep quality. 
Besides, many bus drivers were overweight and obese 
which can increase the risk of OSA. Serious consideration 
of implementing screening for OSA among commercial 
drivers is required to decrease drowsy driving and traffic 
accidents. Our study had some limitations. Bias from self-
reported data may occur particularly around topics that are 
threatening or sensitive such as substance use. The low in-
ternal consistency of the Thai version questionnaire among 
bus drivers may be attributable to the nature of working 
conditions. Irregular shift working patterns and subsequent 
sleep schedules making recall of sleep patterns problem-
atic. Although there was a large sample size included, some 
bus transportation companies refused to participate and it is 
not known if working conditions are comparable with those 
included in the study, this may limit the generalizability of 
the study. However, this was the first study to study sleep 
quality and potential risk factors including risk for sleep 
apnea among bus drivers in Thailand. The results suggest 
that education on healthy lifestyles is needed for both bus 
drivers and the transportation companies. Importantly, 
exercise should be promoted in the workplaces and educa-
tion on harmful to alcohol use. Health screening programs 
should be provided for all bus drivers at times they can 
attend especially those at risk for OSA and metabolic syn-
drome. Future studies should include information about the 
company’s work organization and policies that may impact 
on bus drivers’ performance and health.
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