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Abstract

Introduction Sleep is a crucial biological need for all individuals, being reparative on a physical and mental level. Driving
heavy vehicles is a task that requires constant attention and vigilance, and sleep deprivation leads to behavioral and physi-
ological changes that can develop sleep disorders which can put lives at risk.

Objectives The main objectives of this study are to describe and evaluate sleep quality, excessive daytime sleepiness, cir-
cadian preference, and risk of suffering from obstructive sleep apnea in a population of Portuguese professional drivers.
Methods To fulfill the objectives, 43 Portuguese professional drivers, between 23 and 63 years old, answered validated
questionnaires: Epworth Sleepiness Scale, Morningness—Eveningness, Stop-Bang Questionnaire, and Pittsburgh Sleep Qual-
ity Index.

Results Results indicated that older drivers tend to experience higher daytime sleepiness (11 +3.4; p=0.002) and obstructive
sleep apnea risk (4.5 +1.5; p=0.03). Regarding sleep quality, the majority of drivers were classified with poor sleep quality
(74.4%). It was possible to infer statistical differences between groups based on body mass index (p =0.037), the type of
route (p =0.01), and physical activity (p =0.005).

Conclusion Drivers have an indifferent circadian preference and small-course drivers have a worse sleep health perception.
Therefore, it is essential to implement prevention programs, promoting the basic rules for better sleep quality as well as
identifying sleep disorders to minimize possible road accidents.

Keywords Self-perceived sleep - Drivers’ sleep - Sleep quality - Professional drivers

1 Introduction

Car accidents are one of the major causes of death in mod-
ern society, and sleepiness and drowsiness are identified
as risk factors [1]. Long-haul drivers tend to suffer higher
injury rates when compared to the rest of the population
[2]. Driver fatigue has been recognized as a probable cause
and corresponding risk factor of crashes involving heavy
trucks [3]. In a situation of tight schedules, truck drivers
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may not feel adequately empowered to stop and rest when
the onset of fatigue occurs. Sleep deprivation is related to
various aspects of cognitive performance, namely tasks that
require vigilant attention [4]. Various studies have shown
that with the increase in sleep restrictions, behavioral lapses
also increase during the performance [5]. Other studies have
also indicated a reduction in the efficacy of cognitive pro-
cessing, reaction time, and attentive responsiveness when
sleep deprivation is present [6, 7]. A serious consequence
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of sleep deprivation is the decrease of the driving capacity.
A study developed by Stutts et al. [8] concluded that, for
the subjects who slept less than 7 h per night, the accidents
related to sleep had increased. Other than sleep depriva-
tion, various variables contribute to the increase in road
accidents, such as poor sleep quality, dissatisfaction with
sleep duration, drowsiness during the day, drowsiness when
driving, and the amount of time that is spent driving during
the night. Moreover, the driving performance decreases with
the increase of drowsiness, and when the sleep is restricted
to 4 and 6 h per night [8, 9]. Several factors, including sleep
restrictions and sleep fragmentation, can interfere with truck
drivers' ability to obtain the requisite quantity and quality
of sleep. Sleep quality can be restricted by work demands,
medication, family responsibilities, and personal and life-
style factors [10]. Sleep fragmentation can affect both the
quantity and quality of sleep, as can other common occur-
rences, including excessive noise and concerns about per-
sonal safety while resting in the sleeper berth of a heavy
truck [11] or other inadequate on-site rest areas [12]. Portu-
gal has been classified as the fourth European country with
the highest frequency of falling asleep while driving [13].
The most frequently perceived reasons for falling asleep at
the wheel were the previous night's poor sleep quality and
poor sleeping habits in general. The main individual deter-
minants of falling asleep were younger age, male gender,
higher daytime sleepiness, and risk of sleep apnea syndrome
[13]. Sleep quality includes quantitative aspects of sleep,
such as sleep duration and sleep latency, and subjective fea-
tures such as depth or restfulness of sleep as mentioned in
[14]. Quantity and quality of sleep by each individual have
great relevance in executing daily tasks. If they are ignored,
it can lead to fatigue, degrading multiple aspects of safe
driving [15]. Although quantitative measures of sleep are
easily calculated, it is more challenging to measure subjec-
tive aspects of sleep reliably.

There is a reasonable body of research that is concerned
with the relationship between objective sleep measures and
perceived sleep quality. However, comparisons between the
various studies are not always feasible as they use different
measuring instruments [16]. The objective sleep parameters
are either assessed with actigraphy or polysomnography
measures and the perceived sleep quality is often evaluated
by means of questionnaires, as described above. Moreover,
the term sleep quality is used interchangeably for objective
sleep quality as well as for reported sleep quality. Finally, the
study populations differ across studies and a limited num-
ber of studies investigated the relationship in normal sleep-
ers. Most studies that investigated the relationship between
objective sleep measures and perceived sleep quality are
cross-sectional studies. Studies have found associations
between perceived sleep quality and the following objective
sleep parameters: wake time after sleep onset [17-19], sleep
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latency [20, 21], and total sleep time [21, 22]. In addition,
associations have been deduced between sleep architecture
measurements and perceived sleep quality. For example, a
high amount of light sleep was associated with a decline in
perceived sleep quality [23]. Also, the number of minutes
in deep sleep was associated with perceived sleep quality
[17, 18, 24].

The high prevalence of road accidents in Portugal and the
important role of perceived sleep quality in causing crashes
merit comprehensive research to determine the quality of
sleep of professional drivers. Professional drivers, especially
long-haul drivers, often face extended periods of driving,
increasing the likelihood of fatigue and drowsiness. By
evaluating their self-perceived sleep quality, it is possible to
identify drivers who may be at a higher risk of experienc-
ing sleep-related impairments while on the road. Based on
this, several specific objectives were established, such as:
describing and evaluating sleep quality, circadian prefer-
ence, risk of obstructive sleep apnea, and excessive daytime
sleepiness of long-haul drivers based on self-perceived feed-
back. Therefore, by describing and evaluating these factors
among professional drivers based on self-perceived feedback
and appropriate questionnaires, it is possible in the future to
implement targeted interventions and preventive measures
to enhance driver safety, reduce the incidence of accidents,
and ultimately save lives on the road.

2 Materials and Methods

This study adopts a cross-sectional design, collecting data
at a single time point on an individual basis. It is character-
ized as both descriptive and exploratory, with a compara-
tive aspect involving the analysis of differences between
groups to infer characteristics of the driver population. The
study also incorporates elements of a quasi-experimental
design justified by the nature of the intervention or expo-
sure, which, while not manipulated by the researcher, allows
for the examination of naturally occurring conditions and
their impact on the observed outcomes. Furthermore, it is a
quantitative study, as it involves the collection and analysis
of numerical data to make conclusions.

2.1 Target Population and Sampling

Concerning the problem behind the sleep quality of heavy
vehicle drivers, the target population was Portuguese pro-
fessional heavy vehicle drivers. A group of 43 male drivers
replied to the combined questionnaires by a non-probabil-
istic sampling technique and collected them during the year
2021. The inclusion criterion was being a Portuguese profes-
sional driver currently active, while the exclusion criterion
was having missing values in the questionnaire responses.
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2.2 Procedures

This study is integrated into the Sono ao Volante project
[25, 26] authorized by the Center for Sleep Medicine and
Psychiatry Service (at CUF hospital) ethics commission in
July 2020. A first contact was made with the professional
drivers associations which provide the necessary support to
contact a total of 60 drivers. All participants agreed to par-
ticipate in the study, with proper signed informed consent,
and the confidentiality of all data was guaranteed. This study
complied with the assumptions contained in the Declaration
of Helsinki.

Data collection was materialized through the application
of four translated and validated questionnaires for the Por-
tuguese population as detailed in Sect. 2.3. These inquiries
are self-reported and were assembled using Google Forms
(Online Form Creator) making the questionnaires more prac-
tical and accessible. It was necessary 40 min approximately
to answer all the questions. A proper description of the used
questionnaires is presented in the next section.

2.3 Questionnaires

A sociodemographic questionnaire was included for sam-
ple characterization. Other self-reportable questionnaires
were: the Epworth Scale of Sleepiness (ESS) [27], Morn-
ingness—Eveningness Questionnaire (MEQ) [28], Stop-Bang
Questionnaire (SBQ) [29], and Pittsburgh Sleep Quality
Index (PSQI) [30]. Table 1 presents a review of the validated
questionnaires for the Portuguese population and respec-
tive measures for internal consistency (Cronbach’s alpha or
Kuder—Richardson 20 for dichotomous items).

2.3.1 Socio-Demographic Questionnaire

Several quantitative and qualitative questions related to gen-
der (male; female), age (young adults; adults, end of pro-
fessional life), education level (middle school; high school;
college degree; master’s degree), weight and height, physical

Table 1 Validated questionnaires for the Portuguese population and
internal consistency

Questionnaire Validated by Internal  Internal consist-
consist-  ency in this study
ency

ESS Sargento et al. [31] 0.77 0.77

MEQ Silva et al. [32] 0.75 0.78

SBQ Reis et al. [33] 0.71 0.52%*

PSQI Del Rio Jodo et al. 0.70 0.81

[34]

Internal consistency measured with Cronbach’s alpha
*Kuder—Richardson 20

activity (yes; no), health problems or diseases (present;
absent), and work practices, such as route distance (long;
short), type of transportation (freight transport; passenger),
belonging or not to a drivers association (yes; no), and being
or not in the lay-off status during 2020 and 2021 (yes; no)
were organized for sample characterization. The Body Mass
Index (BMI), categorized as underweight, normal weight,
pre-obesity, obesity grade I, obesity grade II, and obesity
grade III, was calculated from self-reported weight and
height, and the grouping was done according to the World
Health Organization (WHO) [35]. Age classification was
defined based on related references [36, 37].

2.3.2 Epworth Sleepiness Scale

Epworth Sleepiness Scale questionnaire intends to measure
daytime sleepiness, with a particular interest in respiratory
sleep disorders [38]. This scale was created to assess the
“daytime sleepiness” of patients [27]. ESS evaluates the
probability of falling asleep on a scale of increasing prob-
ability, on a 4-point scale, from O to 3, for eight situations
that people engage in daily lives [39]. The scores for the
eight questions are added together to obtain a single number
which is a measure of the subjects’ average sleep propensity
in those eight situations. The total ESS score provides an
estimate of the general characteristics of each person and
their average level of sleepiness [27]. For the classification
of excessive daytime sleepiness (EDS) was used a total score
of the ESS construct was equal to or higher than 13 points
[40].

2.3.3 Morningness—Eveningness Questionnaire

Morningness—Eveningness Questionnaire (MEQ) is a
self-assessment questionnaire used to evaluate the diurnal
type. The main purpose of this questionnaire is to measure
whether a subject circadian rhythm creates peak alertness
in the morning, in the evening, or in between [28]. MEQ
consists of 19 multiple-choice questions scored from 1 to 5
points [41]. Circadian preference was assigned according to
the total score from the MEQ questionnaire: definitely even-
ing from 16 to 30 points; moderate evening from 31 to 40
points; intermediate from 42 to 58 points; moderate morning
and definitely morning from 70 to 86 points [42].

2.3.4 STOP-BANG Questionnaire

The STOP-BANG acronym stands for Snoring history, Tired
during the day, Observed, Blood Pressure, BMI, Age, Neck
circumference, and Gender. The questionnaire was devel-
oped in response to the need for a concise, user-friendly
obstructive sleep apnea screening tool in the preoperative
clinic [43]. A total score equal to or higher than three points
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in the SBQ questionnaire resulted in a prediction of Obstruc-
tive Sleep Apnea (OSA) risk [44].

2.3.5 Pittsburgh Sleep Quality Index

Pittsburgh Sleep Quality Index was developed to create a
standardized measure designed to gather consistent informa-
tion about the subjective nature of sleep habits and provide
a clear index that both clinicians and patients can use [30].
PSQI is a self-report questionnaire that assesses sleep qual-
ity over a 1-month time interval. This questionnaire is con-
structed with nineteen individual items that generate seven
different components of sleep: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep dis-
turbances, use of sleep medication, and daytime dysfunction
over the last month. A total score equal to or higher than five
points in the PSQI construct indicates that the subject has
poor sleep quality.

2.4 Statistical Analysis

Data pre-processing was performed to avoid possible errors,
such as data out of the possible range and missing data.
Descriptive analyses were used to characterize the sam-
ple, and qualitative variables are presented as absolute (1)
and relative (%) frequency, while quantitative variables are
expressed as (mean =+ standard deviation) or median and
interquartile deviation.

Shapiro—Wilk normality test was applied, and if the vari-
ables presented non-normal distribution, a proper non-para-
metric test was used. Mann—Whitney test or 7 Student’s tests
were applied to compare two independent groups. One-way
ANOVA or Kruskal-Wallis tests were used to compare three
or more independent groups. It was considered statistically
significant the effects whose p values were equal to or less
than 0.05. “Statistical Package for the Social Science”, 28
version (SPSS) was used for data analysis and G*Power
3.1.9.4 for tests’ power analysis.

3 Results
3.1 Sample Characterization

The sample was represented by 43 adult males from the Por-
tuguese drivers’ community, with ages ranging from 23 and
63 years (44.3+9.75). Three categories were considered:
14 young adults (23 until 40 years old), 17 adults (41 until
50 years old), and 12 at the end of professional life (equal to
or greater than 51 years old). Subjects with middle school
level are predominant (23 have middle school level, 15 high
school level, 3 have a college degree, and 2 subjects had a
master’s degree).
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Regarding BMI, it was verified that 11 drivers (25.6%)
have normal weight, 16 subjects (37.2%) have pre-obesity,
11 drivers (25.6%) have obesity grade I, and 5 partici-
pants (11.6%) have obesity grade II. The mean weight was
88.11+£16.90 kg and the mean height was 175.02 +6.29 cm;
therefore, the BMI mean was 28.65 +4.73 kg/mz.

Concerning health problems or diseases, 22 (51.2%)
drivers did not report any disease and 21 (48.8%) subjects
declared to have a health condition. In particular, three of
the drivers reveal suffering from OSA, and nine were diag-
nosed with hypertension. Eighteen drivers (41.9%) do physi-
cal activity, while 25 participants (58.1%) referred not adopt
any physical activity.

During 2020 and 2021, 29 subjects were not on lay-off
and 14 stopped working during the COVID-19 pandemic.
No statistical differences were found between these two
groups in the four different constructs. It was possible to
verify that 18 drivers (41.9%) usually do short routes and 25
participants (58.1%), usually do long routes. About belong-
ing to a drivers association, 14 (32.6%) are affiliated with an
association or workers union. Finally, regarding the type of
transportation, 35 drivers (81.4%) transport goods, and from
this group, one of the drivers said to transport dangerous
matter and the remaining 8 participants (18.6%) transport
passengers.

3.2 Self-Perceived Sleep Results

The self-perceived sleep results were examined through the
application of the Excessive Daytime Sleepiness, the Circa-
dian Preference, the Obstructive Sleep Apnea Risk, and the
Sleep Quality questionnaires. These assessments provided
insights into various aspects of sleep health, including day-
time alertness, circadian rhythms, risk of sleep apnea, and
overall sleep quality. By analyzing the responses gathered
from these questionnaires, a description and understanding
of individuals' self-perceived sleep patterns and potential
sleep-related issues were attained, with a focus on profes-
sional drivers. Table 2 shows all results based on drivers’
responses and divided into different possible groups by age,
BMLI, presence of health conditions, usual route, and physi-
cal activity.

Regarding the daytime sleepiness and having into consid-
eration the global score of the ESS, it was verified that 27
subjects revealed having EDS with score values between 7
and 18 points; 16 drivers did not present excessive daytime
sleepiness with score values between 1 and 6. It was verified
that the older group presented a higher mean (11+3.4), in
comparison with the remaining groups, which indicates a
higher score in the ESS, and excessive daytime sleepiness.
Differences between groups were not found in other criteria;
nevertheless, subjects that do short-type routes have a higher
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mean in the ESS (8.4 +4.44), in comparison with the drivers
that do long routes (7.2 +3.38).

For the MEQ construct (56.5+7.99), 3 drivers had a
score that classified them as definitely morning, 10 sub-
jects moderate morning, 29 intermediate, and only 1 mod-
erate evening. In fact, concerning the circadian preference
of the drivers, a mean score of 56.5 points reveals that the
studied sample has an intermediate circadian type. For this
construct, no statistically significant differences were found
between the circadian preferences within the categories of
the sociodemographic variables.

Referent to the probability of OSA risk, having into
consideration the global score of the SBQ (3.4 +1.59), 15
subjects had a score lower than 3 points classified them as
having a low risk of OSA, and 28 drivers had a score equal
to or higher than 3 points, resulting in a high risk for OSA.
Regarding the risk of obstructive sleep apnea, 65% of the
drivers were classified as at risk for OSA. It was also pos-
sible to verify that subjects with obesity grade II tend to have
a higher risk of OSA.

Having into consideration the global score of the PSQI
instrument (6.56 +3.72), 11 subjects (25.6%) had a score
lower than 5 points, therefore, considered good sleep qual-
ity, and 32 drivers (74.4%) had a score higher or equal to 5
points, thus considered to have poor sleep quality. Statistical
differences between groups based on BMI, the type of route,
and physical activity were detected.

4 Discussion

Having into consideration the sociodemographic data and
the ESS, it is possible to infer that older subjects tend to
suffer from EDS in their daily life. Several studies point to
changes in sleep properties with age [41, 45, 46]. There is
a decrease in total sleep time, from deep slow sleep (delta
sleep), and the restorative properties of sleep. Some studies
found that the sleep of older individuals is shorter, more eas-
ily interrupted and fragmented [47]. The remaining variables
did not show to influence the EDS. The mean score from this
questionnaire was slightly higher than what was found in the
literature [48, 49]. It is relevant to emphasise that excessive
daytime sleepiness is an important problem for clinical and
public health. EDS can lead to a significant reduction in
quality of life, an increased risk of road accidents, and may
affect the performance of daily life tasks.

A study evolving long-haul drivers has shown that epi-
sodes of stage 1 sleep occurred, while the subjects were
driving between 11 p.m. and 5 a.m., suggesting a circadian
influence [50]. Within the length of the night, there was
an increase in drowsiness, which was consistent with the
expected effects of the circadian influences.
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The PSQI also suggests that most of the drivers presented
bad sleep quality. These results are slightly higher than those
found in the literature, where approximately 59% of the 150
adult drivers have sleep-related problems [51]. A mean score
higher than 5 points on the PSQI indicates poor sleep qual-
ity. Regarding the obtained results, it was possible to con-
clude that poor sleep quality is related to the type of route
that the drivers do, the practice of physical activity and BMI.
The practice of physical activity can be beneficial for the
improvement of the drivers’ sleep quality and can contribute
to better sleep regulation. Moreover, better sleep quality can
contribute to a better self-perception of sleep health [52].
Physical activity promotes an increase in the total sleep time
[53, 54], and promotes the production of melatonin, which
contributes to thermoregulation and provides a better sleep
quality [55]. In addition, the energy expenditure used dur-
ing physical activity increases the need for sleep to restore
this loss [54].

The high prevalence of sleep-associated problems found
in the present study can be explained by the reduction of
sleep to a minimum of possible hours, which leads to sleep
deprivation associated with the demands of life [56]. In fact,
the maintenance of sleep deprivation causes physiological
and behavioral changes, contributing to poor sleep quality
and sleep disturbances [57].

5 Conclusions and Future Work

This work identified various characteristics associated with
excessive daytime sleepiness and sleep disorders, that when
associated with driving, can lead to poorer sleep and quality
of life. Therefore, this can lead to dangerous consequences
such as road accidents. This research is crucial for gaining
a deeper understanding of the self-perceived sleep quality
among Portuguese professional drivers, marking it as a pio-
neering study.

Drivers have an intermediate circadian preference and
small-course drivers have a worse sleep health perception.
The implementation of these studies is essential for under-
standing the sleep quality and perception of the driver popu-
lation, which can lead to minimizing sleep-related disorders
and road accidents.

For future work, it will be important to implement com-
plementary diagnostic tests, such as polysomnography
(PSG), which can provide an objective evaluation of sleep
disorders. This will facilitate the comparison between sub-
jective and objective measures of sleep. Additionally, vari-
ables that impact sleep quality, such as the consumption
of sleeping pills, anxiolytics, caffeine, sugar, and psycho-
tropic substances, should also be included and analyzed
for their impact on sleep quality. It is also important to
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increase the sample size and have broader types of drivers
essential for the validation of sleep perception.
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