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ARTICLE INFO ABSTRACT

Keywords: Study objective: This prospective, descriptive observational study aimed to investigate objective and subjective

Sleep sleep among Belgian occupational drivers, focusing on short haul (SHD), long haul (LHD), and local delivery

Occupatior.lal drivers drivers (LDD).

‘S/\lleezgatt]:l::hty Methods: A total of 31 drivers wore a Fitbit Charge 5 for one month to capture total sleep time (TST), time in bed

(TIB), sleep efficiency (SE), wakefulness and sleep stage distribution. Subjective sleep was assessed daily using a
5-point scale. Data were analyzed using descriptive statistics, one-way ANOVAs and Pearson correlations.
Results: Drivers averaged 6.2 + 0.7 h of TST and 7.1 & 0.7 h of TIB, with a mean SE of 87.3 & 2.1 %. Sleep stages
were distributed as follows: 60.1 + 5.2 % light sleep (LS), 18.0 + 3.3 % deep sleep (DS), 21.2 + 4.2 % REM sleep
and 12.8 + 1.8 % of awake. 12.9 % of participants had low DS (<15 %) and 25.8 % had low REM (<20 %). 29.0
% of participants experienced elevated nocturnal wakefulness. One-way ANOVA revealed no significant group
differences in most sleep parameters, except for DS (F = 3.47, p = 0.05), with LHD showing the lowest pro-
portion. Subjectively, most drivers rated their sleep from good to neutral. However, one-third reported poor
sleep. Modest correlations were found between better subjective sleep and higher DS, TST, and SE.
Conclusion: Although SE was adequate, chronic sleep restriction was common. Group differences were minimal,
suggesting that individual and environmental factors may outweigh driver type in influencing sleep. Subjective
assessments only partially aligned with objective measures, reflecting a discrepancy between perceived and
objective sleep.

1. Introduction

Sleep is a critical determinant of health, safety and performance,
particularly in occupations involving sustained attention and physical
endurance [1]. Among these, road freight driving represents a high-risk
profession where sleep quantity and quality directly impact not only the
well-being of the drivers but also public safety. Occupational road
freight drivers frequently deal with irregular schedules, long working
hours and high work demands, which are factors that can disrupt
circadian rhythms and compromise sleep [2-4].

Fatigue-related driving incidents, often due to impaired vigilance,
reaction time, decision-making and lane-keeping ability, are a signifi-
cant concern [5-8]. A study from 2017 by Vias Institute [6], a Belgian

road safety institute, found that approximately 4.8 % of Belgian car
drivers exhibited signs of sleepiness during individual trips. The problem
is even more pronounced among professional drivers. A study of Belgian
truck drivers in 2011 [9] found that 18 % experienced excessive daytime
sleepiness and 27.2 % reported poor sleep quality. Internationally,
sleepiness at the wheel is estimated to account for up to 30 % of all
severe crashes, underscoring the global importance of this issue [6,9,
10].

The economic implications of these road accidents are substantial. In
2020, the total cost of road crashes in Belgium was estimated at €13
billion, representing 2.9 % of the country’s GDP. Fatigue-related crashes
contribute to this burden through medical costs, lost productivity,
vehicle damage, and broader societal consequences. This figure
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underscores the financial burden that fatigue-related incidents impose
on the national economy [11].

Beyond quantity, the quality of sleep has emerged as an area of
growing concern. Truck drivers are often exposed to physically and
psychologically demanding work conditions, such as exposure to noise,
irregular schedules, high work pressure and long sedentary driving, that
may contribute to sleep disturbances [3,10,12-15].

Although numerous studies have assessed sleep patterns in this
population, much of the existing literature relies heavily on self-
reported, subjective sleep measures, which may not accurately reflect
actual sleep behavior and can contribute to discrepancy between
perceived and objective sleep. This is of concern, as drivers who sub-
jectively rate their sleep as adequate, despite obtaining insufficient or
poor-quality sleep, may not fully recognize their resulting fatigue and
associated risks of impaired performance and accidents [16-18]. Prior
work has also shown that chronic sleep restriction can generally lead
individuals to underestimate their level of fatigue over time, further
highlighting the limitations of self-reported sleep assessments.
Conversely, objective assessments offer more precise insights but are less
commonly utilized in field settings [19].

This study adopts a prospective, descriptive observational design to
examine both objective and subjective sleep characteristics in a sample
of occupational road freight drivers from the MILESTONE (MobILe and
tEchnological SoluTions for OccupatioNal drivErs) project, encompass-
ing specifically short haul (SHD), long haul (LHD) and local delivery
drivers (LDD). This project aimed to develop and test wearable-based
monitoring systems and technological interventions that target diffi-
cult working conditions, stress, sleep disturbances and their impact on
driving behavior and health. By comparing the objective and subjective
characteristics of sleep in this sample, we seek to better understand the
extent of sleep in this population.

2. Materials & methods

All procedures contained herein were approved by the Ethics com-
mittee of Antwerp University Hospital on the April 3, 2023 (reference
number 3126). Written consent was obtained from each participant
prior to engagement.

2.1. Participants

Thirty-one occupational drivers participated in this study (28 male, 3
female; mean age + SD = 42.7 + 10.8 years). These drivers were active
in the transport sector, were working for a company or were self-
employed. Each of these drivers belonged to one of three specific
driving occupations: (1) LHD, driving over large distances and eventu-
ally being away from home for multiple days; (2) SHD, who can make
multiple deliveries in a single trip; or (3) LDD, who carry out package
delivery.

Aside from belonging to one of these driver categories, each partic-
ipant had to adhere to other criteria in order to be included in the study:
(1) possession of a smartphone, (2) Dutch-speaking, (3) no excessive
alcohol use and no drug use, (4) not having an infectious disease and (5)
not being pregnant. No additional restrictions were imposed to capture a
naturalistic sample reflecting the diversity of professional drivers’
working conditions.

These participants were recruited by approaching transport com-
panies and individual drivers through email and social media cam-
paigns. Eligible drivers who expressed interest were screened for the
inclusion criteria and, upon providing informed consent, were enrolled
in the study.

2.2. Procedure

Participants wore a Fitbit Charge 5 (firmware version
57.20001.188.58) continuously over a one-month period to objectively
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monitor their sleep patterns in a real-world setting. This wearable device
was chosen for its feasibility in field-based research, offering non-
intrusive, continuous sleep tracking [19]. The Fitbit Charge 5 records
key sleep parameters, including total sleep time (TST), time in bed (TIB),
sleep efficiency (SE) and sleep stage distribution (light, deep, and REM
sleep). Its selection was supported by prior validation against poly-
somnography [19]. The sleep data were downloaded using the Fitbit
application. Only nocturnal sleep episodes were included. No instances
of naps or split sleep nights were observed in this sample, so this did not
affect data handling. The nights where no data were recorded (due to e.
g. device malfunction, non-wear or battery depletion) were excluded
from the analysis.

Subjective sleep ratings were assessed daily, at the end of their
(work)day, using the question “How would you rate your sleep from the
previous night?” Participants responded using a five-point scale: Good,
Rather good, Neutral, Rather bad, or Bad.

2.3. Data analysis

Descriptive statistics were used to summarize key sleep parameters
from the Fitbit Charge 5, including TST, TIB, SE, light sleep (LS), deep
sleep (DS), REM sleep, wake time (W), as well as subjective sleep ratings,
to characterize sleep patterns among the occupational drivers. Next, to
examine whether there were significant differences in sleep parameters
between the three types of drivers (SHD, LHD, LDD) a one-way ANOVA
was conducted on the objective sleep parameters [20,21]. Effect sizes
are reported as eta squared (n%). Finally, to investigate the relationship
between objective and subjective sleep measures, Pearson correlations
were performed. Correlation effect sizes are presented as r values, along
with 95 % confidence intervals (CI) [22].

All statistical analyses were conducted using Python (version 3.13.3)
and Microsoft Excel (2024). A p-value of <0.05 was considered statis-
tically significant. This study was exploratory and no single primary
outcome was pre-specified. To reduce the risk of false positives from
multiple testing we report unadjusted p-values together with effect sizes
and 95 % CI to facilitate interpretation beyond reliance on p-values
alone.

3. Results

A total of 31 occupational drivers participated in the study. The
majority was male (n = 28), with only three female participants. The
mean age of the sample was 42.7 + 10.8 years old. Participants were
categorized into the three transport types: SHD (n = 14, mean age =
43.5 years old), LHD (n = 8, mean age = 45.9 years old), and LDD (n =9,
mean age = 39.0 years old). This demographic overview highlights a
male-dominated sample with a slightly younger group in the LDD
category compared to LHD and SHD. In total, 762 nights of sleep data
were recorded across the 31 participants. The median number of valid
nights per participant was 26. A detailed overview of participant de-
mographics, number of recorded nights and availability of subjective
sleep data is provided in Appendix Table Al.

3.1. Objective sleep

As shown in Table 1, participants demonstrated on average a SE of
87.3 + 2.1 %, indicating relatively consolidated sleep. The distribution
of sleep stages across the full sample of occupational drivers showed that
participants spent the majority of their sleep time in LS, averaging 60.1
+ 5.2 %. DS accounted for 18.0 + 3.3 %, while REM sleep comprised
21.2 £ 4.2 % of total sleep time. On average, participants were awake
for 12.8 + 1.8 % of the time spent in bed.

This pattern aligns with typical adult sleep architecture, where LS
generally makes up around 50 %, DS around 15-25 % and REM sleep
around 20-25 % of TST [23]. However, the notable amount of W may
reflect disrupted sleep. The TST across the sample averaged 6.2 + 0.7 h,
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Table 1
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Mean objective sleep parameters including sleep efficiency (SE), amount of light sleep (LS), deep sleep (DS), REM sleep and wake (W), total sleep time (TST) and time in
bed (TIB) for the overall sample size and per transport type.

N SE (%) LS (%) DS (%) REM (%) W (%) TST (hrs) TIB (hrs)
SHD 14 87.6 £ 2.9 58.8 £5.8 18.5 £ 3.4 22.5+ 4.6 128 £23 6.2 £ 0.6 7.1+£0.6
LHD 8 87.1+1.5 61.1 +£4.6 16.2 £ 3.5 20.9 + 3.5 13.0 £ 1.9 5.9+ 0.9 6.8 +£1.0
LDD 9 87.2+0.8 61.3 +4.7 18.8 £ 2.5 19.5 £3.7 125 £ 0.6 6.4+ 0.6 7.3+0.7
Total 31 873+ 21 60.1 5.2 18.0 £ 3.3 21.24+4.2 128 £1.8 6.2 +0.7 7.1+£0.7

SHD: Short Haul Drivers.
LHD: Long Haul Drivers.
LDD: Local Delivery Drivers.

while TIB averaged 7.1 + 0.7 h. These results suggest that, while most
drivers achieved relatively high SE and substantial DS proportions, the
TST was generally below the recommended 7-8 h for adults, indicating
potential chronic sleep restriction in this population [23].

3.1.1. Total sleep time, time in bed and sleep efficiency

TST ranged from 4.8 h to 7.5 h. Analysis of TST revealed that only 5
out of 31 drivers (16.1 %) achieved the recommended 7-8 h of sleep per
night [23]. The remaining 83.9 % had suboptimal TST, with several
individuals (n = 22, 80 %) sleeping less than 6.5 h.

While TST was frequently insufficient, TIB was generally more
favorable ranging from 5.6 h to 8.6 h 16 drivers (51.6 %) spent at least 7
h in bed, suggesting that sleep opportunity was not necessarily lacking.

SE was relatively well preserved across the group ranging from 83.8
% to 94.3 %. 28 out of 31 drivers (90.3 %) had a SE of 85 % or higher
(Table 1, Fig. 1).

3.1.2. Wake time and sleep stages

DS ranged from 9.8 % to 25.3 %. Twenty-six drivers (83.9 %) fell
within the recommended range of 15-25 % [23]. DS is critical for
physical restoration and immune functioning, and deviations from this
range may reflect underlying sleep architecture disturbances. Four
drivers (12.9 %) had values below 15 %, which could indicate poor
restorative sleep quality [24,25].

REM sleep percentages were more variable ranging from 10.8 % to
30.5 %. Twenty drivers (64.5 %) were within the recommended 20-25
% REM sleep range. Eight individuals (25.8 %) had REM percentages
below 20 %, potentially reflecting stress or disrupted circadian rhythms.
On the other hand, three drivers (9.7 %) showed elevated REM per-
centages above 25 %, which may represent compensatory REM rebound
or altered sleep architecture [23,25-27].

The percentage of time spent in LS among the 31 occupational
drivers showed considerable variation, ranging from 52.4 % to 72.1 %.
The average LS reference line in Fig. 2, indicated at around 50 %, shows
that most participants exceeded this typical benchmark, suggesting a
trend toward elevated proportions of LS.

The amount of W ranged from 8.9 % to 16.2 %. Twenty-two drivers
(71.0 %) stayed below the threshold of 15 % W. The remaining nine
drivers (29.0 %) experienced elevated nocturnal wakefulness, suggest-
ing sleep fragmentation or disturbances (Table 1, Fig. 2).

3.2. Objective sleep per transport type

The distribution of sleep stages across transport types showed rela-
tively small, non-significant differences. LHD appeared to have the
lowest proportion of DS (16.2 + 3.5 %). REM sleep was most prominent
in SHD (22.5 + 4.6 %), who showed a slightly higher proportion
compared to the other groups. LDD exhibited the highest average TST
and TIB, while LHD had the shortest TST (Table 1, Fig. 3).

The ANOVA results revealed no statistically significant differences
between the groups for most of the examined sleep variables (p-values
>0.05), except for DS (F (2,28) = 3.47, p = 0.05). These findings suggest
that, based on the measured sleep parameters, there is no evidence that

the type of driving work (SHD, LHD or LDD) results in systematic dif-
ferences in SE, LS, REM, W, TST and TIB. The low F-values in combi-
nation with high p-values indicate that the observed differences between
groups are likely due to chance or natural variation within the sample,
rather than an underlying effect of driver type (Table 2).

DS approached the threshold for significance (F (2,28) = 3.47, p =
0.05, n2 = 0.20 (95 % CI [0.00, 0.38])), suggesting a potential group-
level difference in the proportion of deep sleep across driver types.
Descriptively, long-haul drivers exhibited the lowest average proportion
of deep sleep compared to SHD and LDD groups (Fig. 3, Table 2).

However, the difference in DS should be considered a nominal,
hypothesis-generating observation rather than conclusive evidence of
group differences. As these analyses are exploratory, they do not imply
causal differences between driver groups, and the observed trends
should be interpreted with caution.

3.3. Subjective sleep

Subjective sleep ratings were collected using a daily subjective
question in which participants rated their sleep from the previous night
on a 5-point scale: 0 = Good, 1 = Rather good, 2 = Neutral, 3 = Rather
bad, and 4 = Bad. Although 31 drivers participated in the study, only 20
consistently completed the daily sleep assessments. Responders versus
non-responders did not differ significantly in age (responders: 42.4 +
11.0 years; non-responders: 44.8 + 10.7 years) or sex distribution (re-
sponders: 18 males, 2 females; non-responders: 10 males, 1 female).
Similarly, no meaningful differences were observed in objective sleep
parameters, including TST (responders: 6.3 + 0.7 h; non-responders: 6.1
+ 0.8 h), TIB (7.1 +£ 0.6 h vs. 7.0 + 0.8 h), or SE (87.4 4+ 2.0 % vs. 87.1
+ 2.4 %). These findings suggest that subjective non-response was pri-
marily due to compliance issues and does not appear to reflect system-
atic differences in demographic or objective sleep characteristics.

The values presented reflect each participant’s average sleep rating
across the study period of one month. The results showed a relatively
wide range in subjective sleep ratings among the occupational drivers,
with average scores ranging from 0.5 to 2.8. The majority of participants
(n =12, 60 %) had average scores below or equal to 2.0, suggesting that
most drivers in this sample perceived their sleep as generally good to
neutral. 8 participants (40 %) reported on average a rating above 2.0
indicating more neutral to rather bad sleep (Fig. 4).

3.4. Objective vs subjective sleep

To assess the relationship between objective sleep parameters and
subjective sleep evaluations, a Pearson correlation coefficient was
computed for each participant across the set of objective sleep metrics
(SE, DS, LS, REM, W, TST and TIB) and subjective sleep ratings. These
correlations are visualized in Fig. 5. Negative correlations indicate that
higher values on the objective variable are associated with lower sub-
jective scores (i.e. better perceived sleep). Correlation effect sizes are
presented as r values, along with 95 % CI.

The results demonstrated considerable inter-individual variability in
the strength and direction of correlations. In general, a trend toward
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A. Total sleep time vs Time in bed in occupational drivers
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Fig. 1. Average objective total sleep time (TST), time in bed (TIB) and sleep efficiency (SE) in occupational drivers. (A) TST and TIB in hours are presented for each
participant (n = 31). The dotted line represents the recommended average TST of 7 h [23]. (B) SE (%) for each participant is displayed. The dotted line indicates the
general SE reference of 85 % [23].

negative correlations was observed for SE, TST and DS suggesting that By contrast, correlations involving LS and W were more variable and
higher values on these objective indicators were associated with better tended to be closer to 0, with some participants showing weak positive
subjective sleep ratings. This pattern was particularly consistent for DS, correlations, indicating a possible link between fragmented or lighter
where the majority of participants (80 %) exhibited significant negative sleep and poorer subjective evaluations. Notably, the magnitude of
correlations. correlations across most variables remained within a low to moderate
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A. Deep Sleep in occupational drivers
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B. REM Sleep in occupational drivers
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D. Wake time in occupational drivers
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Fig. 2. Average distribution of deep sleep (DS), REM sleep, light sleep (LS) and wake time (W) in occupational drivers. (A) Average DS (%) across the sample (n =
31). The dotted line shows the average reference value for DS (15-25 %). (B) Average REM sleep (%) across the sample. The dotted line shows the average reference
value for REM sleep (20-25 %). © Average LS (%) across the sample. The dotted line shows the average reference value of 50 % LS. (D)Average W (%). The dotted

line shows the average reference value of maximum 15 % W.

range (|r|~0.1-0.4, highlighting the nuanced and individualized nature
of the relationship between objective and subjective sleep [22].

The Pearson correlation analyses between the overall objective sleep
variables and subjective sleep are in line with the individual correlations
values and revealed that some objective sleep measures were modestly
associated with subjective sleep experiences. Most notably, a higher
percentage of DS was associated with better perceived sleep ratings (r =
—0.25, 95 % CI [—0.62, 0.22]), indicating that individuals who spent a
greater proportion of the night in DS tended to rate their sleep more
positively. Similarly, TST also correlated negatively with subjective
sleep score (r = —0.19, 95 % CI [—0.58, 0.28]), suggesting that longer
sleep durations are perceived more favorably. SE (r = —0.17, 95 % CI
[-0.57,0.29]) and TIB (r = —0.16, 95 % CI [—0.56, 0.30]) also showed
small-to-moderate negative correlations, further supporting the link
between consolidated sleep and improved sleep perception. Conversely,
the percentage of time spent awake during the night was positively
correlated with poorer subjective sleep (r = 0.14, 95 % CI [-0.32,
0.55]), indicating that fragmented or disturbed sleep is linked with
worse sleep ratings. The proportions of LS (r = 0.06, 95 % CI [—0.39,
0.49]) and REM sleep (r = 0.04, 95 % CI [—0.41, 0.47]) showed very
weak positive correlations with worse perceived sleep, though these
associations were minimal (Fig. 5).

Taken together, these findings suggest that fewer awakenings, higher
SE, more DS and longer sleep duration are most consistently associated
with better subjective sleep ratings. Nevertheless, the very low to low
correlation values emphasize that subjective sleep perception showed a
discrepancy with objective sleep parameters, as it was only partially
explained by them (Fig. 5).

4. Discussion

This study aimed to explore both objective and subjective sleep
characteristics among occupational drivers, with particular attention to

differences across SHD, LHD and LDD. In addition, by comparing the
drivers’ objective sleep data from the Fitbit Charge 5 with the subjective
daily sleep ratings, we aimed to better understand how well their
perceived sleep matches their objective sleep quality. The use of wear-
able technology not only enabled this comparison but also allowed for
continuous, real-life monitoring of sleep parameters in a field setting.
This dual approach offers valuable insight into individual differences in
sleep perception and behavior and underscores the potential of wear-
ables as practical tools for both research and real-time health moni-
toring. Overall, our findings provide a comprehensive picture of sleep
behavior and perception in a high-risk occupational group.

A central finding was the widespread presence of chronic sleep re-
striction, with most drivers (83.9 %) failing to meet the recommended
7-8 h of TST per night [23]. Although our study cannot establish con-
sequences, this pattern is consistent with earlier reports describing links
between insufficient sleep, vigilance impairment and crash risk among
professional drivers [5,7,8,28]. When compared to the general Belgian
population, the extent of sleep restriction among drivers in this sample is
particularly concerning. According to a recent survey by Helan, 58.1 %
of Belgian adults report sleeping the recommended 7-8 h on weekdays,
and only 28 % sleep less than 6 h [29]. In contrast, the current sample
showed that fewer than one in five drivers achieved 7-8 h of sleep, and a
much larger proportion fell below the 6.5-h mark. These descriptive
differences point to a notable disparity between professional drivers and
the broader working population, warranting closer attention in future
research.

Interestingly, despite shortened TST, SE remained high, suggesting
that once asleep, drivers tended to maintain consolidated sleep. This
could reflect compensatory adaptations, allowing individuals to pre-
serve sleep quality under restricted conditions [30,31]. However, the
observed shift toward elevated LS and variability in REM sleep may
indicate less restorative sleep, and potentially indicating stress, circa-
dian misalignment or other regulatory disruptions [23-25,27]. This is
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A. Sleep efficiency and sleep stages per transport type
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Fig. 3. Group comparisons of objective sleep variables by transport type. (A) Mean values (in %) of sleep efficiency (SE), deep sleep (DS), light sleep (LS), REM sleep,
and wake time (W) are shown across three transport groups (short-haul drivers (SHD), long-haul drivers (LHD), and local delivery drivers (LDD)) compared to the
overall healthy global population [25]. (B) Total sleep time (TST) and time in bed (TIB), measured in hours, are shown for each transport type and the overall healthy
population. The recommended range for TST is 7-8 h.

Table 2

One-way ANOVA results for the sleep parameters by transport type.

consistent with reports in populations exposed to irregular schedules or
environmental disturbances [2,3,36]. Such alterations could compro-

mise recovery and alertness, posing potential risks for driver safety

Sleep parameter F-value p-value n? [32-35]. In addition, roughly one third (29.0 %) of drivers experienced
SE (%) 0.17 0.85 0.01 elevated nocturnal wakefulness, suggesting significant sleep fragmen-
DS (%) 3.47 0.05 0.20 tation or disturbances. This could undermine the restorative function of
LS (%) 0.32 073 0.02 sleep and may contribute to fatigue during waking hours, a critical
REM (%) 0.10 0.90 0.01 f ional safetv in thi lation [28.35.37

W (%) 0.20 0.82 0.01 concern for occupa}tlona sa 'ety in this population [28,35, ]..

TST (hrs) 113 0.34 0.08 Although previous studies [1,38-40] suggested that driver type
TIB (hrs) 0.09 0.91 0.01 might influence sleep, particularly as LHD often face more night driving

and irregular schedules, we found no significant group differences in
objective sleep measures, except for deep sleep (DS). Descriptively, LHD
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Average subjective sleep in occupational drivers
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Fig. 4. Average subjective sleep ratings in occupational drivers. The average subjective sleep ratings for each participant (n = 20) based on daily self-reported
responses to the question, “How would you rate your sleep from the previous night?” Responses were given on a 5-point scale, where 0 = Good, 1 = Rather good, 2

= Neutral, 3 = Rather bad, and 4 = Bad. The horizontal reference lines indicate the qualitative boundaries for each response category (Good to Bad).
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Objective Sleep Variables

Fig. 5. Pearson correlation coefficients between objective sleep parameters and subjective sleep ratings per participant.

exhibited the lowest average proportion of DS compared to SHD and
LDD groups. LHD often experience extended driving hours, irregular
schedules and overnight trips, leading to disrupted circadian rhythms
and limited access to consistent sleep environments [1]. In contrast, SHD

and LDD typically have more predictable routes and may return home
daily, potentially allowing for more regular sleep routines [2,4].
Although LHD showed descriptively lower DS, the absence of significant
group effects should also be interpreted in light of limited study power.
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With a sample of 31 drivers, the study had only moderate sensitivity to
detect small-to-moderate between-group differences (n2 < 0.10).
Therefore, subtle effects may have gone undetected, and future studies
with larger samples are needed to confirm or refute these patterns. The
current findings nonetheless suggest that individual-level and contex-
tual factors (e.g. sleep environment, coping strategies and personal
habits) may play a more decisive role than occupational classification
alone [41,42]. This emphasizes that these exploratory analyses should
be interpreted cautiously and do not imply causal differences between
driver types. Future research should therefore examine these factors
more systematically to identify modifiable determinants of poor sleep
among professional drivers.

Subjective sleep ratings varied across participants, with some
reporting consistently positive sleep and others rating their sleep more
negatively. Correlation analyses between subjective ratings and objec-
tive sleep parameters revealed a general but modest alignment. Specif-
ically, higher DS, SE and TST were associated with better subjective
sleep ratings, whereas more W and LS correlated weakly with worse
perceived sleep. However, as this study was conducted in a relatively
small sample and relied on wearable-derived sleep staging, the findings
should be regarded as preliminary. Nevertheless, these findings are
consistent with previous literature suggesting that individuals tend to
rely on indicators such as duration and depth of sleep when evaluating
their own sleep [43,44]. However, the overall strength of correlations
remained low to moderate, underscoring the partial and individualized
nature of this relationship. Discrepancy between perceived and objec-
tive sleep may be influenced by mood, stress, cognitive biases or inac-
curate memory of the night’s sleep underscoring the subjective nature of
sleep perception [45,46]. These findings highlight the importance of
incorporating both subjective and objective measures when assessing
sleep quality.

Taken together, this study provides an observational snapshot of
sleep patterns and perceptions among professional drivers. These find-
ings suggest that while most drivers generally achieve consolidated
sleep, they remain chronically sleep-restricted, with potential conse-
quences for health and occupational safety. Future research should
include larger samples, explore contextual factors affecting sleep and
develop strategies to improve drivers’ sleep, with particular emphasis on
integrating both subjective and objective measures.

5. Limitations

Several limitations should be acknowledged in interpreting the re-
sults of this study. First, the sample size was relatively small (n = 31)
with only three females, and not all participants completed subjective
ratings (n = 20). This may limit the generalizability and statistical power
of the findings, especially regarding subgroup comparisons. Addition-
ally, while the use of Fitbit Charge 5 allowed for convenient and
continuous objective sleep tracking in a field setting, wearable devices
may have limited precision in differentiating between sleep stages
compared to the gold-standard method, namely polysomnography [19].
In addition, as individuals age, there is a decline in REM sleep. Although
pronounced reductions in REM sleep are most commonly seen in older
adults, in the context of this sample with a mean age of 42.7 + 10.8
years, one might begin to observe early signs of this REM sleep decline,
especially in the individuals at the upper end of this age distribution
[47-49].

Another important consideration is that psychiatric or neurological
comorbidities and the use of medications that may affect sleep were not
systematically assessed. These factors could act as potential confounders
influencing both objective and subjective sleep outcomes, and their
absence from the dataset limits the ability to fully interpret variability in
sleep patterns.

Furthermore, subjective sleep was assessed using a single daily item.
This approach minimized participant burden and supported higher
compliance across the study. However, detailed sleep diaries or
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questionnaires offer more complexity of sleep perception and contextual
factors, but could lead to lower adherence [50-53]. The timing of these
subjective assessments (completed in the evening) may also have
increased recall bias. Lastly, other influential variables such as caffeine
intake or environmental sleep conditions were not systematically
assessed and could have influenced both subjective and objective sleep
outcomes.

Future studies should consider larger samples to explore the sub-
groups in occupational drivers with greater statistical power and
examine factors such as chronotype, psychiatric/neurological comor-
bidities, medication use, stress and sleep environment in greater depth.

6. Conclusion

This study provides insights into the sleep patterns and perceptions
of Belgian occupational road freight drivers by comparing objective
sleep data with self-reported sleep ratings across different types of
drivers. While the majority of participants experienced reasonably effi-
cient sleep, TST was often below recommended levels, raising concerns
about chronic sleep restriction in this population. Differences in objec-
tive sleep parameters between driver categories (SHD, LHD, LDD) were
not statistically significant, except for DS. Descriptively, LHD exhibited
the lowest average proportion of DS compared to SHD and LDD. How-
ever, the high p-values for most of the sleep parameters suggests that
factors beyond driver type, such as individual behavior, environment
and personal habits, may be more influential.

Additionally, subjective sleep evaluations showed only weak-to-
moderate alignment with objective data, underscoring the complexity
of sleep perception and the potential for discrepancy between perceived
and objective sleep.

These findings suggest that while most drivers generally achieve
consolidated sleep, they remain chronically sleep-restricted, with po-
tential consequences for health and occupational safety.

This underlines the need for transport companies to implement ed-
ucation and effective fatigue management such as ensuring sufficient
rest opportunities and designing schedules that reduce the risks of
chronic sleep restriction. At a policy level, the findings support the
development of regulations and guidelines that encourage appropriate
work schedules and the integration of wearable monitoring tools to
detect and manage fatigue in real time.
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Statement of significance

Sleep is a critical factor in ensuring health and safety, particularly for
occupational drivers who face irregular schedules, long hours and high
work demands. Fatigue contributes to up to 30 % of severe traffic ac-
cidents globally. In Belgium, many professional drivers report poor sleep
and excessive daytime sleepiness. Although numerous studies have
assessed sleep patterns in this population, much of the existing literature
relies heavily on self-reported, subjective sleep measures, which may not
accurately reflect actual sleep behavior and can lead to discrepancies
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between perceived and objective sleep. This study combines objective
and subjective sleep assessments in Belgian short haul, long haul and
local delivery drivers. It offers critical insights into sleep patterns within
this high-risk group and emphasizing the need for combining objective
and subjective sleep evaluations to improve sleep health and safety.
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Participants’ demographics including sex, age, transport type, number of recorded nights and availability of subjective data.

ID Sex Age Transport Type Recorded nights Subjective data
1 M 59 LHD 24 No
2 M 48 LDD 12 Yes
3 M 57 SHD 19 Yes
4 M 54 LDD 30 No
5 M 47 LDD 30 No
6 M 47 SHD 25 Yes
7 M 54 SHD 29 Yes
8 F 52 LHD 27 No
9 M 42 SHD 12 Yes
10 M 51 LHD 45 Yes
11 M 57 LHD 47 Yes
12 M 45 SHD 26 No
13 M 29 LDD 6 No
14 M 28 LDD 33 Yes
15 M 49 SHD 29 Yes
16 M 52 LDD 28 Yes
17 M 35 SHD 13 Yes
18 M 43 LHD 33 No
19 M 32 LDD 31 Yes
20 M 32 LHD 25 Yes
21 F 30 LDD 26 Yes
22 M 25 LHD 28 Yes
23 M 30 LDD 21 No
24 M 52 SHD 32 No
25 M 38 SHD 30 Yes
26 M 52 LHD 18 Yes
27 M 37 SHD 10 No
28 M 50 SHD 25 Yes
29 M 46 SHD 15 Yes
30 F 23 SHD 28 Yes
31 M 29 SHD 5 No

SHD: Short Haul Drivers.

LHD: Long Haul Drivers.

LDD: Local Delivery Drivers.
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