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Abstract

personnel.

24).

Background: Shift work disrupts the sleep rhythm and leads to daily sleepiness and physical and mental complications.
Objectives: This study aimed to investigate the predictive role of shift work in poor sleep quality and daytime sleepiness in railway

Methods: This descriptive-analytical and cross-sectional study was conducted on the employees of the Khorasan railway in Iran
in 2021, 450 individuals of whom were selected as a sample using the census sampling method. The data collection method was
through a checklist containing demographic information and related factors (e.g., employment history) and through a physician
to evaluate underlying diseases, body mass index (BMI), smoking and use of substances (past medical history), and completion
of standard questionnaires, including the Pittsburgh Sleep Quality Index (PSQI), Karolinska Sleepiness Scale (KSS), and STOP-BANG
questionnaire. The data were analyzed using the t-test and simultaneous multivariate regression analysis by SPSS software (version

Results: Out of 450 employees, 144 (32%) and 306 (68%) subjects were day workers and shift workers, respectively. The average age
of the participants was 40 + 5.97 years. A significant difference was observed between the BMI with PSQJ, KSS, and STOP-BANG scores
(P =0.001). Additionally, binary logistic regression analysis showed that shift work had a significant effect as a risk factor on both
PSQI scores (CR=1.25,95% CI: 1.16-1.32, P = 0.001) and KSS scores (CR=1.43, 95% CI:1.29 -1.59, P=0.001).

Conclusions: Shift work could increase the amount of sleepiness during work in personnel as the main cause, along with other
effective factors, such as personal and occupational characteristics.

Keywords: Daytime Sleepiness, Occupational Health, Shift Work Schedule, Sleep Disorders, Sleep Quality

.

. Background

A significant percentage of the active population in a
company works outside normal working hours (7:00 to
14:00) (1, 2). Shift work is especially important for health-
care and emergency services, hospitality, manufacturing,
and transport (3). These shifts, particularly those at night,
disrupt the natural circadian rhythm of the body’s biolog-
ical activities. This arrhythmia can be an essential factor
in increasing the risk of various diseases, such as cardio-
vascular diseases and mental illnesses (3, 4). Currently, re-
searchers have even studied the effect of circadian arrhyth-
mias on the body’s immune system and the possible in-
creased risk of infection in humans (5). Circadian arrhyth-

mias caused by night shifts cause fatigue, sleepiness, and
lack of concentration during the day, affecting individuals’
daily efficiency and leading to additional costs to society
and exorbitant healthcare costs (6, 7).

Based on the literature review, various factors, such as
demographic characteristics (8, 9), type of job (10, 11), and
some health-related factors, such as body mass index (BMI)
(12), blood pressure (13), and other medical problems (14),
can be effective in the sleep quality and its indicators in
shift workers. In a study conducted on 129 German indus-
trial workers in 2022, Casjens et al. showed that shift work-
ers had a median absolute social jet lag of more than 3
hours (15). Casjens et al. also showed that even this jet lag
is significantly more severe for permanent night workers
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(15).

Melan and Cascino aimed to investigate the effects of
a modified shift work organization and traffic load on air
traffic controllers’ sleep and alertness and concluded that
a shift work schedule has harmful consequences for the
alertness and sleep quality of air traffic controllers (16).
Park et al. showed that 79.8% of nurses in acute hospitals
in South Korea have poor sleep quality (17). In addition,
they showed that age and shift work could be predictive
factors of nurse productivity. Moreover, a systematic re-
view investigated the relationship between working the
night shift and oxidative stress in different jobs, and the
results showed that the significantly positive relationship
between these two factors could be attributed to the in-
crease in deoxyribonucleic acid damage and lipid peroxi-
dation and decrease in antioxidant defense (18). The afore-
mentioned factors can also lead to chronic diseases and
poor life quality.

Work in railway transport is one of the most impor-
tant groups in terms of shift work, necessary due to the
role of personnel in the public transportation system, effi-
ciency, alertness, concentration, and precision to maintain
the health of passengers (19-21). Therefore, in these individ-
uals, circadian rhythm disorders can lead to irreparable ac-
cidents for the general public and the risks mentioned for
themselves (22, 23). Dorrian et al.,, in an online survey, in-
vestigated the relationship between multiple interrelated
factors (i.e., train drivers’ schedule, sleep, well-being, and
fatigue) and the perceived influence of these factors on
train driving performance and safety in Australia and New
Zealand (24). Dorrian et al. found that schedule irregular-
ity had the largest and most persistent negative effects on
physical and mental health and outside work factors on
driving performance (24).

Fan and Smith assessed fatigue and its causes as a crit-
ical factor in maintaining the health and safety of rail-
way workers (25). The results of this study showed that
long working hours, heavy workloads, night and morn-
ing shifts, and lack of sleep are the main causes of fatigue
among railway personnel. Factors such as individual dif-
ferences, individuals’ job responsibilities, and an inappro-
priate work environment might also be at work (25). In
Iran, a study examined general health, including physical
symptoms, anxiety and depression symptoms, sleep disor-
ders, and social efficiency, among day and night workers
of the Tehran and Suburbs Metro Company (26). The re-
sults of this study showed that the average general health
scores in all the aforementioned areas were higher in day
workers than in night workers. However, to date, no study
has investigated the effect of shift work on sleep quality
and daily sleepiness in railway personnel based on health-
related factors and the type of work they do. Therefore, the

evidence shows that the country’s public transportation
systems, including railway transport and personnel, are di-
rectly at risk of shift work. Therefore, studying the sleep
quality of railroad workers and the causes of sleep disor-
ders and trying to find solutions to reduce risks and com-
plications can greatly improve the health and safety of the
general public.

2. Objectives

This study aimed to investigate the predictive role of
shift work in poor sleep quality and daytime sleepiness in
railway personnel.

3. Methods

3.1. Study Design and Ethical Considerations

This cross-sectional descriptive-analytical study was
conducted on Khorasan railway personnel in Iran in
2021. The participants were fully informed about the
research process and completed the informed consent
form. This study was approved by the ethics code of
IR.MUMS.MEDICAL.REC.1399.682 by the Ethics Committee
of the Faculty of Medicine, Mashhad University of Medical
Sciences, Mashhad, Iran.

3.2. Participants and Study Protocol

The statistical sample of this study was all Khorasan
railway employees who were included in the study using
the census sampling method. Through an official notifica-
tion to the common channel of a virtual social network and
a text message to all the employees of Khorasan railway,
the announcement related to periodical occupational eval-
uation was issued. A total of 493 employees were referred
to an occupational medicine clinic in Mashhad, and after
checking the inclusion criteria, the information of 450 em-
ployees from this population was analyzed. The inclusion
criteria were employment in Khorasan railway, not suffer-
ing from severe psychiatric diseases, and not using sleep-
ing pills and any substances at least in the last 6 months.

The evaluation of all participants was regularly
planned and carried out on Fridays (Friday as an official
weekly holiday in Iran) in March and April 2021 from 9:00
a.m. to 1:00 p.m. During the evaluation process, the re-
search objectives were explained to the participants, and
informed consent was obtained before the start of data
collection. Initially, a checklist containing demographic
information and related factors, such as employment
history, was completed for each participant. The BM]I,
underlying diseases, smoking, and use of substances (past
medical history) were also investigated by a physician.
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Then, each participant was asked to complete the Karolin-
ska Sleepiness Scale (KSS) to check the sleepiness level, the
Pittsburgh Sleep Quality Index (PSQI) to check sleep qual-
ity, and the STOP-BANG questionnaire to check obstructive
sleep apnea (OSA). The main component in this study was
shift work, defined as work outside the period of 7:00 a.m.
to 2:00 p.m. Shift work was defined as fixed day work or
rotating morning (7:00 a.m. to 7:00 p.m.) and night (7:00
p.m. to 7:00 a.m.) shifts. Then, the participants in this
study were divided into two groups: day work and shift
work.

3.3. Research Tools

3.3.1 Karolinska Sleepiness Scale

This scale was designed by Akerstedt and Gillberg in
1990 with nine options, which is graded from 1 (completely
conscious) to 9 (trying to stay awake), and is valid for eval-
uating the level of sleepiness (27). Each subject gets a score
from 1to 9, with higher scores indicating a higher level of
perceived sleepiness (27). A score of 7 is considered the cut-
off point of this questionnaire, which indicates the need
for interventions. This scale determines the subjective lev-
els of sleepiness at a specific time during the day and has
been widely used in studies related to sleep deprivation,
driving, and shift work (28). The content validity ratio
(CVR) and content validity index (CVI) for the Persian ver-
sion of this questionnaire are reported as 0.86 and 0.81, re-
spectively (29).

3.3.2. Pittsburgh Sleep Quality Index

This 7-item questionnaire estimates the quality of in-
dividuals’ sleep based on an individual’s personal opinion
about the subjective sleep quality, sleep latency, sleep dura-
tion, sleep disturbances, use of sleep medication, daytime
dysfunction, sleep efficiency, and total sleep quality (30, 31).
The aforementioned items are given a score between 0 to 3
by the studied subjects; as a result, the overall scores of the
subjects are between 0 to 21. Higher scores indicate poorer
sleep quality (30). According to the designers of this ques-
tionnaire, scores higher than 5 indicate poor sleep quality
(30). This questionnaire has been translated into Persian,
and its reliability and validity have been evaluated in the
Iranian population (32). The CVR and CVI for the Persian
version of this questionnaire are reported as 0.93 and 0.8,
respectively (33).

3.3.3. STOP-BANG Questionnaire

This questionnaire includes eight items regarding gen-
der, history of frequent loud snoring in sleep, daytime
sleepiness, breathing interruption during sleep, history of
high blood pressure, age over 50 years, BMI above 35 kg/m?,
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and neck circumference above 40 cm in yes-no form and
screens the possibility of OSA (34). The scores of this ques-
tionnaire range from O to 8 points, and scores higher than
4 indicate a higher probability of OSA (34). This question-
naire has been translated into Persian. The CVR and CVI for
the Persian version of this questionnaire are reported as
0.8 and 0.81, respectively (35).

3.4. Statistical Analysis

The collected data were analyzed by SPSS software (ver-
sion 24). The assumption of normality of data was checked
and confirmed by the Kolmogorov-Smirnov test (P> 0.05).
Several hypotheses were measured using the independent
t-test. The significance level was set at 0.05. Binary logis-
tic regression analysis was performed using the “Enter”
method to identify the effect of shift work on the variables
of sleep quality and daytime sleepiness.

4. Results

The data of 450 employees of Khorasan railway were
analyzed, 144 (32%) and 306 (68%) of whom were day work-
ers and shift workers, respectively. The average age of
the participants in the entire statistical sample was 40
years (42.04 and 39.11 years for day workers and shift work-
ers, respectively). Table 1 shows the demographic and
health-related data and their comparison (between the
two groups of the day and shift work).

The comparison of PSQI, KSS, and STOP-BANG scores
with the BMI factor was examined in the participants by
dividing them into two groups (based on the BMI higher
than and equal to 25 - below 25) and the t-test (Table 2). A
significant difference was observed between the BMI with
PSQI, KSS, and STOP-BANG scores (P = 0.001).

Based on Table 3, the comparison of PSQI scores be-
tween day and shift work groups showed a significant dif-
ference between the groups (P = 0.01). The average PSQI
score in the entire statistical sample was equal t03.99 (3.56
and 4.19 for day workers and shift workers, respectively),
indicating a better sleep quality in the group of day work-
ers (P = 0.01 and P = 0.001, respectively). In addition, the
frequency of poor sleep quality, defined as a PSQI score of
5 or higher, was higher in the shift work population (31%)
than in the day workers (29%).

The average KSS scores were 3.47, 4.04, and 4.32 for the
day workers, total sample, and shift workers, respectively.
All three mentioned scores are within the alert range,
which indicates greater vigilance among the day work pop-
ulation. In addition, the frequency of severe sleepiness, de-
fined as KSS scores of 7 or higher, was higher in shift work
(5%) than in day work (1.3%). The comparison between KSS
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Table 1. Comparison of Demographic and Health-related Data in Day and Shift Work Personnel *

Variables Values Day Work Shift Work P-Value
Age (y) 40+ 5.97 42.04+ 5.69 39.11+ 5.86 0.056
Gender

Male 450 (100) 144 (32) 306 (68) 0.009
Education

Bachelor’s and higher 148(33) 44(30.5) 104 (34) 0.003

Lower than bachelor’s 302(67) 100 (69.5) 202(66) 0.005
Working experience (y) 1n+5.9 121+ 6.32 10.09 + 5.59 0.003
Body mass index (kg/m?)

Underweight (< 18.5) 7(15) 0(0) 7(2) 0.001

Normal (> 18.5, < 25) 153 (34) 43(30) 110 (36) 0.004

Overweight (> 25,< 30) 225(50) 77(53.5) 148 (48.5) 0.005

Obese (> 30) 65 (14.5) 24(16.5) 41(13.5) 0.008

Total 26.36 * 3.55 2426+ 332 2613+ 4.32 0.001
Hypertension 14 (13) 3(2) 11(3.5) 0.005
Dyslipidemia 95 (21.1) 5(17.3) 70 (22.8) 0.008
Diabetes 27(6) 4(2.7) 23(7.5) 0.002
Smoking 5(11) 1(0.7) 4(13) 0.004

? Values are expressed as mean + standard deviation or No. (%).

Table 2. Mean, Standard Deviation, and Statistical Significance of Pittsburgh Sleep Quality Index, Karolinska Sleepiness Scale, and STOP-BANG Scores Based on Body Mass Index

Scores
Scale BMI > 25 kg/m?* BMI < 25 kg/m* P-Value
Pittsburgh Sleep Quality Index 423+ 212 379+ 2.01 0.001
Karolinska Sleepiness Scale 412+ 121 3.99+ 1.04 0.001
STOP-BANG 2.01£ 0.75 179+ 0.88 0.001

Abbreviation: BMI, body mass index.

scores and shift work was evaluated by the t-test, and a sig-
nificant difference was observed according to P = 0.001.
The average STOP-BANG scores in the shift workers, total
sample, and day workers were1.76,1.81,and 1.9, respectively,
which showed low risk for OSA in all three groups (Table
3). Due to the no significance of STOP-BANG scores, this
variable was not included in the binary logistic regression
analysis.

The most important goal of this study was to deter-
mine the role of shift work as a possible predictive vari-
able (a risk or protective factor) in PSQI and KSS scores. For
this purpose, binary logistic regression analysis in Table 4
shows that shift work has a significant effect as arisk factor
on both PSQI scores (CR =1.25, 95% CI: 1.16 - 1.32, P = 0.001)
and KSS scores (CR=1.43,95% CI:1.29 -1.59, P=0.001).

5. Discussion

Due to the high occurrence rate of rail accidents
and the resulting socioeconomic consequences in today’s
world, it is necessary to pay more attention to possible
causes or effective factors. Studies have shown that human
factors are among the most important factors affecting
these accidents (36,37). This issue becomes much more im-
portant considering the rights of each individual to have
health and satisfaction in life. Therefore, conducting fur-
ther studies in these fields can be effective in making poli-
cies related to the health of employees and then reduc-
ing the aforementioned negative consequences. In this re-
gard, the analysis of the data of the present study showed
that shift work could be considered a risk factor for sleep
quality and daily sleepiness. In addition, the effect of shift
work on the level of sleepiness was more than the total
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Table 3. Comparison of Mean, Standard Deviation, and Number (%) of High Scores of Pittsburgh Sleep Quality Index, Karolinska Sleepiness Scale, and STOP-BANG in the Statis-

tical Sample of Day and Shift Work Personnel

Scale and Group Mean + Standard Deviation No. (%) of High Scores * P-Value
Pittsburgh Sleep Quality Index 0.01
Day work 3.56 + 1.64 42(29)
Shift work 419+ 2.45 96 (31)
Total 3.99+ 2.24 138 (30)
Karolinska Sleepiness Scale 0.001
Day work 3.47+135 2(13)
Shift work 432+ 117 15(5)
Total 4.04+ 119 17(37)
STOP-BANG 0.06
Day work 1.9+ 0.88 8(0.05)
Shift work 176+ 0.85 14 (0.05)
Total 181+ 0.86 22(0.05)

? The No. (%) of participants who had scores above the cut-off points of each scale; High scores: PSQI score > 5; KSS score > 7; STOP-BANG score > 4

Table 4. Binary Logistic Regression Analysis to Determine the Role of Shift Work in Pittsburgh Sleep Quality Index and Karolinska Sleepiness Scale Scores

Dependent Variable B S.E. P-Value 0dds Ratio (95% CI)
Pittsburgh Sleep Quality Index 0.12 0.05 0.001 1.25(1.16 -1.32)
Karolinska Sleepiness Scale 0.17 0.07 0.001 1.43(1.29-1.59)

sleep quality. Furthermore, employees who had a higher
BMI had poorer sleep quality and more daytime sleepiness,
and OSA problems.

Shift work railway workers are highly susceptible to
fatigue from lack of sleep, which can prevent them from
performing safety-critical functions (38). Disturbances in
the 24-hour light-dark pattern incident on the retina ap-
pear to play a central role in exacerbating these problems,
particularly regarding nocturnal light exposure and circa-
dian rhythm disturbances (38, 39). Recent evidence has
revealed that poor sleep quality can induce physiologi-
cal and psychological stress responses (40). Gut microbes
showed generational changes and disruptions of gut mi-
crobes in mice with circadian rhythm disturbances and
individuals with jet lag (40). Therefore, one of the most
important reasons explaining the effect of shift work on
sleep quality and daily sleepiness might be the changes in
circadian rhythms (41). Since circadian rhythms regulate
basic biological processes, such as feeding (weight), body
temperature, metabolic settings, hormone secretion, and
the sleep-wake cycle, changes in shift work can affect sleep
quality and daytime sleepiness (42, 43). In addition, these
disturbed biological processes can, in turn, reinforce this
faulty cycle and cause more negative effects on sleep qual-

ity.

Shiraz E-Med ]. 2023; 24(1):e130052.

Several studies have stated that the level of sleepiness
of employees is directly related to the level of activity of
individuals, shift work, type and level of activity, income,
the psychological condition of individuals, and conflicts
(44-46). Operations in railway services require precision,
which often becomes more important due to the short re-
action time (46). Therefore, working in railway services
is challenging due to the amount of responsibility, men-
tal preparation requirements, and stress levels imposed
on the individual (47, 48). Railway employees, drivers,
and traffic controllers should maintain their conscious-
ness and immediately react to irregular events and impor-
tant messages quickly and promptly. Improvement is re-
quired in the aftermath of hard work (49).

Studies have revealed that specific work conditions
often disrupt individuals’ physical and mental improve-
ment processes (50), including sleep as the most critical
process (49, 50). Harma et al. mentioned fatigue and
sleepiness as common problems in railway transportation
with occasional monotony and irregular work schedules
(51). In the aforementioned study, 230 subjects, includ-
ing 126 male train drivers and 104 railway traffic control
experts, were randomly selected from the Finnish railway
population. The information related to sleep and their
level of sleepiness were examined over 21 days through
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the Karolinska questionnaire and the sleep information
record notebook. The aforementioned study reported se-
vere sleepiness in 49% and 50% of the train drivers and
railway traffic control staff during night shifts within the
study period, respectively. However, the incidence of se-
vere sleepiness in train drivers and railway traffic control
workers in morning shifts was lower than in night shifts
and equivalent to 15% and 20%, respectively. The aforemen-
tioned study demonstrated that the risk of severe sleepi-
ness in night shifts was 4 to 16 times higher than in day
shifts, indicating more sleepiness in shift workers than in
day workers, similar to the present study (51).

Fan and Smith reviewed 31 studies on fatigue in rail-
way workers (52). In the aforementioned study, fatigue
was mentioned as a severe problem in the railway industry,
which can affect the health and safety of railway employ-
ees. The aforementioned study showed that the leading
causes of fatigue in railway personnel are lengthy work-
ing hours, high workload, night and early morning shifts,
and lack of sleep. In addition, factors such as individual
differences, individuals’ positions, and poor work environ-
ments can also be effective. The results of the present study
also showed the correlation between shift work with fa-
tigue and sleepiness (52). Pylkkonen et al. evaluated the
relationship between working hours and shift work with
sleep quality and sleepiness among truck drivers (53). The
aforementioned study reported sleepiness as a common
phenomenon among professional drivers who work dur-
ing irregular hours. In the aforementioned study, 54 truck
drivers were examined for 2 weeks, and the Karolinska
questionnaire was used to examine the level of sleepiness.
The results showed that the highest prevalence of severe
sleepiness, defined as KSS scores of 7 or higher, occurs on
the night shift (37.8%) and the lowest on the morning shift
(10%). The ratio of the number of shifts in which the drivers
used measures to combat sleepiness atleast once out of the
prescribed rest times was about 22% higher in night shifts
than in nonnight shifts. Therefore, more sleepiness was ob-
served during shift work at unusual hours, similar to the
present study (53).

Lee et al. found sleepiness while driving as a significant
factor in traffic accident deaths (54). The amount of sleepi-
ness while driving was measured in 332 bus drivers using
the Karolinska questionnaire, which was investigated in
two groups of drivers with two daily shifts and drivers with
alternating day shifts. The results showed that the inci-
dence of severe sleepiness in drivers with alternating day
shifts is much higher than in the group of drivers with two
daily shifts in the evening (after lunchtime until the end
of the shift) (54). Irregular work schedules in the group
of drivers with alternating day shifts can be one of the rea-
sons for creating this significant difference from the group

of drivers with two daily shifts, confirming the result of the
present study regarding the incidence of sleepiness in shift
workers. Cotrim et al. investigated the effect of work and
personal factors, such as shift work, on sleepiness in rail-
way control workers and found a high incidence of sleepi-
ness in night shifts among railway control workers (55).

Another result of the present study was a significant
difference in sleep quality, sleepiness, and OSA based on
the BMI of the personnel. Numerous previous studies
have also shown that the relationship between changes
in metabolic processes and weight gain is bilateral, and
this relationship cannot be considered cause and effect
(56-58). In a systematic review that examined 31 cross-
sectional and 5 cohort studies, the findings indicated that
sleep problems could be strongly related to current and fu-
ture weight gain (59). From an explanatory point of view,
it can be interesting to note that the increase in food con-
sumption in shift workers might lead to an increase in fa-
tigue and calorie intake and ultimately end up in a de-
crease in physical activity (60). From the biological point
of view, it can be mentioned that important proteins in
regulating circadian rhythms, such as CLOCK and BMAL-1,
are also present in fat tissues and the suprachiasmatic nu-
cleus (61, 62). On the other hand, animal and human stud-
ies have shown that weight gain can affect the production
of pro-inflammatory cytokines, which can create a com-
mon point with sleep problems (63). Therefore, sleep prob-
lems can activate the pathway by which the hypothalamus-
pituitary-adrenal axis affects metabolic changes, such as
oxidative stress, pro-inflammatory cytokines, and insulin
resistance, and probably ultimately causes weight gain
(58).

In line with the findings of the present study, Hulsegge
et al. conducted a cross-sectional study on 3188 shift work-
ers and 6395 non-shift workers whose health status was
examined within 2013 to 2018 in periodical occupational
health (64). Hulsegge et al.’s findings indicated that shift
workers were at greater risk of obesity, diabetes, lower
physical activity levels, less fruit and vegetable consump-
tion, more smoking, and poor sleep quality (64). Jaradat
et al. investigated sleep quality, health risks, and chronic
diseases in postgraduate resident physicians who work on
rotating shifts at a large tertiary healthcare center, and
the findings showed that out of a total of 201 participat-
ing resident physicians in the study, 41.3% were overweight
(65). Additionally, almost 90% of the participants had poor
sleep quality, and more than a third of them were smokers
(65). As mentioned earlier, such studies can be effective in
planning interventions to improve the health, life, and ca-
reer quality of shift workers.

This study had several limitations. Firstly, the find-
ings of this study cannot be generalized to female person-
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nel because only male subjects were evaluated. Secondly,
the characteristics of sleep quality were examined subjec-
tively; it is recommended to use objective methods, such
as polysomnography and functional magnetic resonance
imaging, for further exploration in future studies. The
third limitation was the lack of appropriate advice and fur-
ther monitoring of personnel to improve their sleep qual-
ity indicators. Nevertheless, it is possible that the results
of this study can help use interventions more effectively or
develop more appropriate interventions.

5.1. Conclusions

Shift work in unusual working hours increases the
amount of sleepiness during work. Factors, such as indi-
vidual characteristics, can also be effective in intensifying
and mitigating sleepiness. This issue plays a more promi-
nent role in occupational groups, such as railway person-
nel, whose accuracy and consciousness during work are
necessary to maintain the safety and health of the general
public.

5.2. Statement

Given that jobs, such as working in railways, are forced
to operate around the clock for the comfort of the gen-
eral public, shift work in hours other than normal working
hours is inevitable. On the other hand, such shifts increase
the risk of various diseases, sleepiness during work, and re-
lated risks. Therefore, detailed planning is required for the
shift work of railway employees and individual character-
istics and positions of people in these programs to reduce
the risks caused by such shift work.
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