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The impact of shift work on the well-being and subjective levels of alertness and
sleepiness in firefighters and rescue service workers

Kamila Nowak and Barbara Łukomska

Central Institute for Labour Protection – National Research Institute (CIOP-PIB), Poland

ABSTRACT
Shift work can be associated with health and sleep problems, whichmay lead to cognitive impairment.
This study investigated the effects of shift work on sleep, health behaviours and cognitive functions of
Polish rescue serviceworkers.We tested 18paramedicsworking 12-h shifts, 15 firefightersworking 24-h
shifts and 17 daytime workers. Wemeasured general sleepiness, workload during shifts and the occur-
rence of health behaviours. Additionally, we measured attention, executive function and subjective
alertness. Paramedics showed lower average sleep duration and quality, and fewer health behaviours
than firefighters and the control group. However, no differences were found in performance on cogni-
tive tests between the groups and between the measures. The results indicate that the differences in
job specificity may contribute to the effects of shift work on the sleep and health of the workers.
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1. Introduction

The arrangement of working hours across the modern world
has been changing rapidly over the last several decades.
Nowadays, nearly 20% of workers worldwide work non-
traditional hours (outside 7:00–18:00) [1]. Shift work is com-
mon in many professions where services have to be main-
tainedaround the clock (protective services, healthcareprofes-
sionals, production, etc.). Such 24-h operations are often nec-
essary for public safety and health, whichmakes such arrange-
ment of working time an indispensable aspect of our social
organization. Working non-standard hours, especially night
shifts, contends with the natural circadian rhythmicity of the
human organism. Numerous scientific studies have demon-
strated that this increasing diversification of worktime pat-
terns can be associatedwith increased stress and other various
acute and chronic negative effects on peoples’ health, such
as sleep disorders, anxiety, digestive disturbances, diabetes,
reproductive difficulties and gastrointestinal and cardiovascu-
lar diseases [2–4].

One of the major complaints among shift workers is
increased sleepiness anddisturbed sleep.Misalignment of nat-
ural sleep–wake rhythms with working hours often results
in sleep deprivation. Pilcher et al. [5] in a meta-analysis of
36 studies found that permanent night-shift and rotating-
shift workers, on average, sleep 1–2 h less than permanent
day-shift workers, which affects mainly the second stage of
sleep and rapid eye movement (REM) sleep. This is an alarm-
ing fact, since numerous studies show that sleep depriva-
tion has strong, adverse effects on alertness and cognitive
efficiency, which in consequence can be linked to a higher
rate of vehicular and work-related accidents as well as errors
on the job [6]. Most noticeable cognitive consequences of
sleep deprivation include decrement of attention and work-
ingmemory, increased reaction time and impairedmotor skills
[6–9]. It has been established that 17–19 hwithout sleep affect
performance on tasks involving cognitive and motor speed,
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accuracy, coordination and attention to a level equivalent to
that caused by alcohol intoxication at a blood alcohol con-
centration (BAC) of 0.05% [10]. Moreover, some data suggest
that sleep deprivation results in poorer insight into our per-
formance, making us more confident that our answers in cog-
nitive tasks are correct [11], which can be a significant factor
contributing to ‘human error’ and leading to work accidents.
Overall, the number of errors in performed cognitive tasks is
significantly higher on the night shift in comparison with the
day shift, which allows us to draw conclusions that this is when
theprobability ofwork accidents is thehighest [12]. These find-
ings are consistent with the fact that some of the most disas-
trous industry-related accidents of the last fewdecades caused
by human error (e.g., Chernobyl, Three Mile Island, chemical
spill into the Rhine and Valdez) occurred at night.

Maintaining a high level of performance is crucial for pub-
lic service workers, as the consequences of errors made dur-
ing work may affect the lives of others. For this purpose, it is
extremely important to investigate the factors that may affect
their cognitive performance. The current study was focused
on two groups of public service workers: paramedics and fire-
fighters. These two groups differ in their shift organization
and duration. Paramedics work 12-h day and night shifts (see
later), and the order of the shifts is irregular, while the fire-
fighters work 24-h shifts with 48-h rest periods. Therefore,
the study gave us the opportunity to compare the function-
ing of the public service works with regard to the shift-work
organization.

The study focuses on the effects of shift work on partic-
ipants’ cognitive functions in terms of attention, processing
speed, inhibitory control and cognitive flexibility in relation
to their shift pattern. These cognitive processes were indi-
cated as susceptible to the circadian misalignment that is
the consequence of shift work [13–15]. However, the results
of the previous studies are not conclusive, which may be a
result of the methods applied, such as using self-assessment
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questionnaires in some of the studies [16,17]. Therefore, in our
study we applied both subjective (questionnaires) and objec-
tive (cognitive tests) measures. The present study also takes
into consideration the individual factors, such as perceived
workload during the shift and sleep duration (both average
and the night before the cognitive assessment).

To our knowledge, this study is the first attempt at complex
assessment of the shift-work effect in Polish rescue services, as
well as the first that comparesworking 12-h and24-h shifts.We
expected that the duration of shifts might show a significant
difference in subjective and objective measures of cognitive
performance as well as in the subjective levels of sleepiness
reported in both compared groups.

2. Method

2.1. Participants

The present study was carried out among 33 shift workers: 18
paramedics (12 male, 6 female) and 15 firefighters (all male),
and 17 white-collar workers (15 male, 2 female) who served as
the control group andworked traditional 8-h day shifts. All par-
ticipantswere agedunder 45 years andhad aminimum5 years
of work experience and did not report any serious physical or
mental problems (whichwere assessed by a survey prior to the
study). They were recruited via email notices, electronic post-
ings and information leaflets distributed toWarsaw fire depart-
ments, hospital emergency units and ambulance stations. The
selectionof subjects for the control groupwasbasedondemo-
graphic data (age, gender, education and work experience) so
as to ensure their comparability to the shift-worker groups,
thus there was no significant difference in age, level of educa-
tion and work experience between all three groups (Table 1).
There were no females in the firefighter group (due to the
specificity of this profession), hence the gender distribution in
the study groups was unequal (χ2(2) = 7.108, p < 0.029). All
participants gave their written consent prior to participation in
the study (Table 1).

There are significant differences in the organization of
working time of firefighters and paramedics in Poland, regard-
ing their working hours as well as the length of the shifts.
Firefighters work 24-h shifts (8:00–8:00) followed by 48 h of
rest. Paramedics work 12-h day or night shifts (7:00–19:00 or
19:00–7:00) and usually do not have a regular shift-rotation
system. White-collar workers, who served as a control group
in our study, work 8-h dayshifts (8:00–16:00 or 9:00–17:00).

2.2. Materials

The study involved questionnaires and standard psychomotor
tests of attention and executive functions. Prior to the study,
all participants filled out a 20-itemquestionnaire developedby
the authors, concerning general health issues, demographic
data and work schedule details.

2.2.1. Perceived workload
The participants were asked to judge their physical (one ques-
tion) and psychological (one question) workload on a 5-point
scale (1 = very low to 5 = very high).

2.2.2. Sleep and sleepinessmeasurement
The average sleep duration and sleep quality was measured
using the Pittsburgh Sleep Quality Index (PSQI) [18]. On the
basis of the questionnaire, the average duration of sleep was
calculated.Moreover, the PSQI global scorewas calculated and
analysed. The higher the value of the PSQI global score, the
poorer the sleep quality. According to the authors of the ques-
tionnaire, a global score of 5 or greater indicates poor sleep
quality [18]. While filling out the survey, the participants also
assessed their level of tiredness on the day of the study and
their sleep time duration the night before. They were also
asked to complete the Epworth sleepiness scale [19], which
allowed us to assess their average sleep propensity in daily life.

2.2.3. Health behaviour
In order to establish pro-health behaviour of the partici-
pants, we used the Health Behaviour Inventory (HBI) [20].
The questionnaire consists of 24 statements regarding health-
related behaviours. The respondent rates a frequency of each
behaviour on a 5-point scale (1 = almost never to 5 = almost
always), which allowed us to determine the general severity
of behaviour conducive to his health, and also the scores on
four subscales: proper nutrition habits, preventive behaviour,
health practices and positive mental attitude.

2.2.4. Cognitive functions
Cognitive functions, i.e., attention and executive functions,
were measured three times. Each time, two tests were admin-
istered: the D2 test of sustained attention [21] and the color
trails test (CTT) [22]. In the D2 test, the participant has to cross
out all letters ‘d’ with two short lines from a mix of letters ‘d’
and ‘p’ with various numbers of lines (one to three). The test
consists of 14 rows of ‘d’ and ‘p’ letters, and each row should
be completed within a time of 20 s. We analysed the follow-
ing parameters of the tests: Corrected Speed (Speedc) – the
total number of letters worked through minus the number of
errors as an index of processing speed (error-corrected); Error
Rate – the percentage of the errors made in the test; Variance
– the difference between the row with the maximum number
of the letters crossed out and the rowwith theminimumnum-
ber of letters crossed out, as an index of processing variability;
Correctly Detected – total number of the correctly crossed out
letters minus the number of the letters incorrectly crossed out
– the index of concentration.

Three parallel forms of the CTT (A, B and C) were used, to
minimize the test–retest effect on the scores. We used both
parts of the tests: CTT1, where the circles with numbers from 1

Table 1. Characteristic data of study groups: distribution of gender and mean age, years of education and years of work experience.

Group characteristic Paramedics (n = 18) Firefighters (n = 15) Control group (n = 17) χ2 test/Kruskal–Wallis test

Gender 12M/6F 15M 15M/2F χ2(2) = 7.108, p < 0.029

Age (years) 31.83 (±4.73) 33 (±5.61) 33 (±4.56) H(2) = 0.561, p < 0.76

Years of education 17.17 (±2.64) 17.47(±3.25) 17.7 (±2.93) H(2) = 0.085 p < 0.959

Work experience (years) 8.69 (±3.34) 9.8 (±4.39) 10.64 (±4.15) H(2) = 1.979, p < 0.372

Note: Data presented as mean (±SD). F = female; M = male.
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Table 2. Timetable of cognitivemeasurementperformed repeatedly in shift and
day workers.

Time of measurement Paramedics Firefighters Control group

After day shift 20:00 (±0.5 h) – 18:00 (±1 h)

After night shift/24-h shift 9:00 (±1 h) 9:00 (±1 h) –

Day-off – morning – 9:00 (±1 h) 9:00 (±1 h)

Day-off – evening 18:00 (±1 h) 18:00 (±1 h) 18:00 (±1 h)

to 25have tobeconnectedasquickly aspossible in theascend-
ing order; and CTT2, where the subject has to connect the
circleswithnumbers ascendingwhile alternatingbetween two
colours (yellow and pink) in each step. The time to complete
each part of the task (in seconds)was analysed, as ameasure of
performance. Errors in the tests were not taken into the analy-
ses, as very fewparticipants committed them. Additionally, the
subjective level of sleepiness of the participants was assessed
using the Polish adaptation of the Karolinska sleepiness scale
(KSS) [16] with the total score taken into the analyses.

2.3. Study design

In each group, the set of tasks measuring cognitive perfor-
mancewas conducted three times on different days. The order
of meetings was randomized to eliminate any influence of the
test–retest effect on task performance.

In the group of paramedics, the assessment was carried out
after the day shift (ca. 20:00), after the night shift (ca. 8:00) and
in the evening on the day off work (ca. 18:00). The firefight-
ers underwent the assessment after the 24-h shift (ca. 9:00), on
the day off work in the morning (ca. 9:00) and on the day off
work in the evening (ca. 18:00). In the case of dayworkers from
the control group, the study took place on the day off work in
the morning (ca. 9:00), on the day off-work in the evening (ca.
18:00) and after work (ca. 18:00).

During each assessment session, the participants filled out
the questionnaire concerning their level of tiredness, hours of
sleep and the perceived workload during the last shift (if the
assessment was performed after work). Afterwards, they filled
out the KSS and performed the D2 and CTT tests. The scheme
of the measurement times is summarized in Table 2.

2.4. Statistical analysis

As not all of the results showed a normal distribution (Kol-
mogorov–Smirnov test), non-parametric tests were

applied in the analysis. The variables measured once dur-
ing the study, such as health behaviour (HBI scores), sleep
duration and quality (PSQI scores), as well as subjective work-
load were compared between the three groups using the
Kruskal–Wallis test. The same test was applied to analyse dif-
ferences in cognitive functions on a day off (three groups). The
Dunn–Bonferroni test was applied for pairwise comparisons.
The repeatedmeasures thatwere carriedout in eachgroup (D2
test, CTT and KSS) were compared using Friedman analysis of
variance (ANOVA) with the Dunn–Bonferroni test applied for
pairwise comparison of the groups. Data were analysed using
IBM SPSS version 24.0.

3. Results

3.1. Perceivedworkload

The analysis showed that there were significant differences in
perceived physical workload (Figure 1) between the groups
(H(2) = 21.226, p < 0.001). The post-hoc analysis revealed
that both the firefighters and the paramedics had higher phys-
ical workload than the control group (paramedics vs control
group, p < 0.001; firefighters vs control group, p < 0.001).
Therewere, however, nodifferences inperceivedmentalwork-
load between the groups. All three groups judged their work
as at least ‘moderately demanding’ (score 3 on the mental
workload scale).

3.2. Average sleep duration and sleepiness

Analysis of the average sleep durationmeasuredwith the PSQI
questionnaire showed that therewas a significant difference in
sleepdurationbetween thegroups (H(2) = 19.141,p < 0.001)
(Figure 2). Pairwise comparisons revealed that the average
sleep duration among the paramedics (Mdn 5.75 h) was signifi-
cantly shorter than among the firefighters (Mdn 7 h;p < 0.016)
and the control group (Mdn 7 h; p < 0.001). There was no sig-
nificant difference between sleep duration of the firefighters
and the control group. Analysis of the PSQI global score also
revealed that the groups differed significantly (H(2) = 9.866,
p < 0.007) (Figure 2). Pairwise comparisons showed that the
paramedics obtained a significantly higher global score than
the firefighters (p < 0.12) and the control group (p < 0.042).
There were no significant differences in the PSQI global score
between the firefighters and the control group. No significant

Figure 1. Level of perceived mental (left) and physical (right) workload among two shift-worker groups (paramedics and firefighters) and the control group.
Note: The outlier values in the group are marked with circles and extreme values are marked with asterisks.
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Figure 2. Results of the PSQI among two groups of shift workers (paramedics and firefighters) and the control group (day workers): average sleep duration (left) and
global score (right).
Note: The circle in the box plot indicates outlier data in a particular group. PSQI = Pittsburgh Sleep Quality Index.

Figure 3. HBI results: proper nutrition habits score (upper right), health practices score (upper left) and total score (below) among the paramedics, the firefighters
and the control group.
Note: The outlier values in a particular group are marked with circles and extreme values are marked with asterisks. HBI = Health Behaviour Inventory.

differences between thegroupswere revealed for the Epworth
sleepiness scale.

3.3. Health behaviour

The analysis of the total score for the HBI revealed significant
differencesbetween thegroups (H(2) = 7.751,p < 0.021). The
pairwise comparisons revealed that the paramedics obtained
a significantly lower score than the firefighters (p < 0.032).
The results also showed that the total HBI score was lower
in the paramedics than in the control group. However, this
result turned non-significant after adjustment of the p values
to correct the results for multiple comparisons.

The analysis of the scores obtained for the four subscales
of the HBI revealed that the groups differed in proper nutri-
tion habits (H(2) = 6.991, p < 0.03) (Figure 3) and health prac-
tices (H(2) = 16.502, p < 0.001). The pairwise comparisons
revealed that the paramedics showed less frequent proper
nutrition habits than the firefighters (p < 0.041). The analysis
showed also that the frequency of proper nutrition was lower
in the paramedics than in the control group, but the result
turned non-significant after adjusting the probability value for
multiple comparisons.

Pairwise comparisons of the scores obtained in the health
practices subscale showed that these practices were signif-
icantly less frequent in the paramedics than in the other
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Table 3. Scores obtained during consecutive measurements in paramedics and firefighters and in day workers (control group).

Test Test index After day shift After night shift/24-h shift Day off (morning) Day off (evening)

Paramedics (N = 18)

Color trails test CTT1 27 (17–48) 28 (15–48) – 29.5 (14–57)

CTT2 56 (40–118) 60 (34–102) – 62.5 (32–108)

D2 attention endurance test Speedc 532 (332–615) 499.5 (358–643) – 500.5 (312–648)

Error rate 3.7 (0–10) 4 (1–14) – 3 (0–17)

Variance 8 (5–18) 11 (1–18) – 8.5 (2–15)

Correctly Detected 222 (126–270) 200 (142–266) – 192.5 (117–295)

KSS Total score 4 (3–8) 7 (6–9) – 4 (2–6)

Firefighters (n = 15)

Color trails test CTT1 – 42 (11–47) 23 (12–48) 22 (13–81)

CTT2 – 67 (38–86) 58 (36–153) 55 (43–60)

D2 attention endurance test Speedc – 506 (376–652) 540 (357–647) 527 (420–661)

Error rate – 4 (0–10) 2 (0–8) 2 (1–11)

Variance – 10 (1–18) 11 (1–17) 11 (6–14)

Correctly Detected – 200 (153–299) 210 (126–293) 212 (163–259)

KSS Total score – 4 (2–6) 3 (1–7) 3 (2–6)

Control group (N = 17)

Color trails test CTT1 29 (19–45) – 24 (18–40) 26 (15–41)

CTT2 64 (41–109) – 56 (42–70) 60 (37–91)

D2 attention endurance test Speedc 523 (435–634) – 503 (434–649) 532 (406–640)

Error rate 3 (1–10) – 3 (0–13) 4 (0–11)

Variance 9 (3–15) – 9 (1–14) 10 (4–14)

Correctly Detected 214 (160–282) – 204 (152–295) 217 (136–289)

KSS Total score 5 (3–7) – 4 (2–6) 4

Note: Data presented as median (minimum–maximum). CTT = color trails test; D2 = D2 test of attention; KSS = Karolinska sleepiness scale; Speedc = corrected
speed.

two groups (paramedics vs firefighters, p < 0.038; paramedics
vs control group, p < 0.001). The scores obtained in the
group of firefighters and the control group did not differ
significantly.

3.4. Cognitive functioning

3.4.1. Shift workers vs daytimeworkers
In order to compare cognitive functions between the groups,
the assessment of alertness and executive functions was car-
riedout during thedayoff at the same time (dayoff in the after-
noon). A between-group comparison of the scores obtained
for the KSS aswell the two applied cognitive tests (D2 and CTT)
did not yield any significant results. Themean results obtained
in each group are presented in Table 3.

3.4.2. Cognitive functioning after the day, night and 24-h
shifts and on a day off
In order to assess the impact of working day and night shifts
on paramedics’ functioning, the results of the three measure-
ments were compared (after day shift, after night-shift and on
the day off). The comparison of the scores obtained for the
KSS revealed statistically significant differences in the subjec-
tive level of sleepiness during the three sessions (Friedmann
ANOVA: χ2 = 19.452, p < 0.001). The paramedics felt more
sleepy after the night shift (KSS score: Mdn 6.5) than after the
day shift (KSS score:Mdn 4; p < 0.014) and on the day off (KSS
score:Mdn 4; p < 0.001). There were no significant differences
in the level of sleepiness after the day shift and on the day off
in the evening.

The comparison of the D2 and CTT tests performed during
the three measurements did not yield any significant results.

In the case of the firefighters as well as the control group
there were no differences in the subjective level of sleepiness
(asmeasuredby theKSS) between the three sessions. The com-
parison of the D2 and CTT tests performed during the three
measurements did not yield any significant results.

3.4.3. Comparison of the night and 24-h shifts
As both the night shift and the 24-h shift require workers to be
awake during night hours, we therefore decided to compare
the perceived workload, sleep duration as well as cognitive
performance after working a 12-h night shift and a 24-h shift.

The analysis of the perceived physical and cognitive work-
load yielded no significant differences. However, we found
that the paramedics slept significantly less during the night
shift (Mdn 3 h) than the firefighters during the 24-h shift (Mdn
5 h; U = 26.5, p < 0.001). This result was followed by a higher
level of sleepiness in the paramedics (KSS score: Mdn 6.5)
than in the firefighters (KSS score: Mdn 4). There were no
group differences between the results of the cognitive tests
(CTT and D2).

4. Discussion

The present study focused on the effects of shift work on cog-
nitive performance, as well as pro-health behaviours of Polish
public service workers, i.e., paramedics and firefighters. The
study investigated factors related to the organization of shift
work and the shift duration. Both subjective and objective
measures of cognitive performance were applied in this study.
The analysis of the perceived workload revealed that only the
physical demands of the shift work are judged higher than
the day work. Interestingly, we found no group differences in
perceived cognitive workload.
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The analysis of the average sleep duration and quality
(PSQI) showed that the paramedics, on average, sleep less and
have apoorer sleep than the firefighters and the control group.
This group also obtained the lowest score in the HBI ques-
tionnaire measuring pro-health behaviours. They obtained a
lower score for the proper nutrition score as well as pro-health
practices (such as exercise, healthy eating habits, etc.).

The comparisons of the cognitive performance after work
(after a day shift, night shift and 24-h shift) and on the day
off showed that there were differences in the subjective mea-
sureof alertness (KSS score) only in theparamedicgroup. There
were no significant differences between the results of the cog-
nitive tests performed after shifts and on the day off in none of
the groups.

The comparison of the performance after the 12-h night
shift and the 24-h shift also showed that the paramedics slept
significantly less during the night before the cognitive assess-
ment and felt significantlymore sleepy (KSS) during the cogni-
tive assessment. However, we found no significant differences
between the groups in the cognitive test results.

To sum up, our results indicate that the paramedic group
was the most affected by the consequences of shift work in
terms of duration and quality of sleep. However, we found
no differences between the groups either in the subjective
or the objective measures of cognitive performance. Such a
result may suggest that this group of workers may maintain
their cognitive abilities despite prolonged sleep deprivation.
Some of the previous studies show no evident association
between shift work and cognitive impairment. For example, a
study conducted among emergency physicians working day
and night shifts did not reveal any changes in their perfor-
mance on the trial making test before and after day and night
shifts [23].

On the other hand, numerous studies suggest that shift
work can be associated with both short and long-term cogni-
tive impairment (e.g., [24–26]). Shift workers are often not only
exposed to acute sleep deprivation (resulting from being kept
awake for prolonged periods of time) but also to chronic sleep
restriction. Results of a VISAT longitudinal cohort study [25]
of more than 3000 workers showed that long-term exposure
to circadian disruption is associated with chronic deteriora-
tion of cognition and that this effect is positively correlated
with the number of years of exposure to shift work. It appears
that such abnormal work schedules may have long-term con-
sequences with regards to cognitive abilities. The fact that we
did not observe the differences in this study does not neces-
sarily mean that theywill not appear in the future as long-term
consequences.

Our results could relate to the length of the tests performed
during particular studies, because it has been established that
lapses of attention caused by fatigue and sleep deprivation
are more pronounced in sustained or continuous work lasting
more than 3min [27]. The tests carried applied in our study
(D2 and CTT) are relatively short and this factor could con-
tribute to the lack of differences in the scores obtained by the
participants. Another factor that could influence the obtained
results is the relatively young age of the studied groups as
well as their experience. More than one-third (35%) of our
study group were aged under 30 years and 94% were under
40 years, so they may not yet experience chronic, long-term
effects of their non-traditional working hours. Younger sub-
jects are able to maintain relatively constant performance on
both day and night shifts, while there was a significant change

in performance across the shifts in older subjects [28]. On the
other hand, all of the participants had at least 5 years of work
experience. This criterionwasused to ensure that the cognitive
performanceof theparticipantsmight have alreadybeen influ-
enced by the shift work. However, at the same time, 5 years
is long enough for the self-selection to have taken place. It
has been proven that there are differences among employees
in tolerance to shift work and individuals with specific sleep
behaviours tend to cope with this job type more effectively
than other people [29]. About 20% of workers are not capable
of tolerating non-traditional working hours and return to day
work within the first 2–3 years [30].

Moreover, the obtained results could be explained in rela-
tion to thephenomenon called the ‘healthy shift-worker effect’
[29,30], which poses that shift workers may be healthier than
the general population of workers and cope better with
demandsofworkingnon-standardhours. It is possible thatdue
to the inclusion criteria of this study (5 years of experience),
our sample consisted of workers who were already adapted to
shift work, and therefore they couldmaintain the performance
despite tiredness. The future studies should focusmore on the
process of adaptation to shift work, i.e., include participants
with varying work experience.

Our analysis revealed no differences in perceived men-
tal workload between shift workers and the control group,
as both groups judged their work as ‘moderately demand-
ing’ or ‘higher’. Existing data suggest that people who join
emergency-services professions have personality characteris-
tics that allow them to cope more effectively with high level
of stressors (e.g., higher extraversion and excitement-seeking),
thus they may underestimate the psychological strain of their
jobs [31]. Perceived physical workload, however, was higher
among firefighters and paramedics than in the control group.
These results can be associated with the specificity of tasks
related with each profession. Our control group consisted of
white-collar workers whose job consistsmainly of strictly intel-
lectual tasks, whereas both shift-worker groups in our study
perform activities causing mental as well as physical strain.

The significant differences between the consecutive mea-
surements after work and on a day off showed only that in
the group of paramedics was the sleepiness higher after the
night shift than after the day shift and on the day off. It was
also higher than the declared sleepiness among the firefight-
ers after the 24-h shift. Further analyses revealed that there
were significant differences in average sleep duration (PSQI;
Figure 2) between our study groups, with paramedics sleep-
ing less than both the firefighters and the control group. The
paramedics also obtained a higher PSQI global score, which
means that their perceived sleep quality is poorer than in the
twoothergroups. These results canbeassociatedwith the shift
organization in this group, as their work was less regular and
shift rotation was faster.

It has been proven that the possibility of napping is one
of the factors improving reaction time and alertness and mit-
igating the effects of fatigue from extended work hours and
night-shift work [32,33]. What is interesting, however, is that
neither paramedics nor firefighters in our study scored higher
than the control group on the Epworth sleepiness scale, which
is a tool designed toestimate aperson’s ‘average sleeppropen-
sity’ across awide range of activities in their daily lives [34]. This
result is consistent with other studies. For example, Garbarino
et al. [35] evaluated the sleepiness and sleep disorders among
police officers working shifts and amongdaytimeworkers, and
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they found no differences in the ESS score, despite a signifi-
cantly higher rate of sleep disorders among shift workers than
in the non-shift-worker group. It is possible that the ESS score,
which is a subjectivemeasure of sleepiness,may be influenced
by confounding factors such as particularly stressfulwork asso-
ciated with high responsibility, which may lead to underesti-
mate the possibility of falling asleep or even actually lead to
maintaining a high level of vigilance in many conditions. This
could also be the case for the participants in our study.

Our analysis revealed that only the paramedics had a lower
level of declared health behaviours than the two other study
groups, especiallywith regard toproper nutritionhabits. These
results are consistent with many previous studies showing
adverse effects of shift work on daily life-style behaviours, eat-
ing and exercise habits [36,37]. A systematic review by Zhao
and Turner [38] revealed that shift work can be associatedwith
poor dietary intake, smoking and becoming overweight. In
our study, the aforementioned effect was not observed in the
group of firefighters, which can be explained by the fact this
one of their job requirements is a high level of physical fitness.
However, a steady shift pattern (24-h shift, 48 h of rest) may
also be the factor that facilitates maintaining healthy habits.
Moreover, the paramedics reported less possibilities of nap-
ping during their night shifts (less hours of sleep). This can pro-
mote imbalance in appetite hormones, leading to increased
feelings of hunger andmetabolic changes resulting in obesity,
insulin resistance and reduced lipid tolerance [39]. It has been
proven that the adverse effects of shift work can be reducedby
appropriatematching betweenworkers’ circadian rhythm and
the shift pattern (regarding the rotation and length of shifts).
Studies have shown that most often people find it easier to
adapt to slowly rotating shifts and the likelihoodof committing
a human error is lower among these workers [40]. The results
of our study are consistent with these findings, as the firefight-
ers, whose shift pattern is more regular and slower rotating,
tend to suffer less adverse effects of this non-traditional work-
ing schedule than the paramedics. It must be noted, however,
that the results of some other studies (e.g., [41]) indicate better
tolerance of fast-rotation shifts.

This study is the first research to investigate the effect of
shift work on Polish public service workers. The results show
that not only the mere length of the shift (12 or 24 h) but
also the differences in job specificity (e.g., possibilities to nap-
ping during shifts) of shift workers may influence the obtained
results. There are, however, some limitations to the study. First,
the study sample is relatively small. A larger population should
be studied in the future to confirm the results obtained. More-
over, although we applied cognitive tests as objective mea-
sures of the performance, a lot of datawere still collected using
subjective measures (questionnaires). This applies especially
to data such as sleep duration and quality. In future studies, it
would be recommendable to use objective measures of sleep
such as physiological markers. Although such a measurement
and analysis is more demanding, the data obtained would
be more precise. Finally, as already mentioned, future studies
could include groupswith different work experience (e.g., 1–3,
5–8, 10 years and more) to compare the shift-work effect in
different groups.
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