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Introduction

Work fatigue was defined as tiredness, which reduces func-
tional capacity and is experienced during or after the work-
day.1 Considered as a multifactorial process, three different

fatigue conditions were identified.1 Physical fatigue, repre-
senting reduction of ability to carry out physical efforts;2

mental fatigue, which is a condition of low alertness and
reduced ability to solve problems;3 and emotional fatigue,
which represents a reduced ability to engage in emotional
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Abstract The present study used four differentmethods to estimate fatigue. Forty-seven volunteers
(45 men and 2 women), 41.3�7.5 years old, truck operators for 11.5�6.0 years, were
included.All participants accepted the invitation tobe included in the study. Actigraphyand
core temperaturewere evaluated. The 5-minute psychomotor vigilance test, the Karolinksa
Sleepiness Scale (KSS), and the postural assessment using the Light Sonometer™ (Belo
Horizonte, Minas Gerais, Brazil) were performed. Fatigue prediction was performed using
the FatigueAvoidance Scheduling Tool (FAST) program. In response to the Pittsburgh Sleep
Quality Index (PSQI), 51.06%hadgood sleepquality and48.94%hadpoor sleepqualitywith
an average efficiency of 81.6%. In response to the actigraphy, workers slept an average of
7.2 hours a day with 93.5% efficiency. The workers’ core body temperature (CBT) cosinor
analysis showed a preserved circadian curve. Core body temperature showed differences
between the 6hours worked in each shift. Similarly, the light sound level meter showed
lower risk scores for fatigue in day shifts. Only the variable of the fastest 10% of the
Psychomotor Vigilance Test (PVT) showed worse results, while no significant differences
were observed by the KSS. The risk analysis by FAST showed a strong influence of the
circadian factor. In conclusion, eachmethod has positive and negative points, and it is up to
theevaluator/manager to identify themethod thatbest suits thepurposeof theevaluation,
as well as the local culture and conditions. We recommend using different methods of risk
assessment andmanagement in combinationwith fatigue prediction by Sonometer aswell
as carrying out assessments, which enable researchers to estimate performance and
fatigue throughout the working day, since these may change over the duration of the
working day.
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activities.1 Not only work-related, fatigue can be understood
as a state of tiredness after a certain period of effort/stress,
mental, physical, or emotional, characterized by a decrease
in the ability to perform tasks and a reduction in efficiency to
respond to stimuli and inability to execute functions with
due efficiency and safety.4

There is significant evidence that mental task perfor-
mance related declines in feelings of energy and fatigue
reduce balance control and modify gait.5 Sleep restriction
is one of the main factors associated with fatigue.6 The more
restricted the sleep, the greater the physical and cognitive
damage, which leads toworsening of information processing
and decision making,7,8 working memory, and executive
functions.9 Bauerle et al. (2018)10 suggested that fatigue
should be inferred through measurable and observable
characteristics, as it manifests itself in different ways, such
as: psychological (tiredness and lack of motivation induced
by stress); physiological (loss of strength and endurance),
cognitive (longer reaction time, forgetfulness); and behav-
ioral (closing eyelids, slower speech). In this way, fatigue can
be evaluated in a self-reported way,11 through the Psycho-
motor Vigilance Test (PVT), which evaluates performance in
vigilance, sustained attention, and is related to fatigue.12

Another possibility of assessing fatigue is through postural
balance, which correlates with the level of sleepiness and is
affected by sleep deprivation.13,14 Other more complex
assessments of fatigue use mathematical models that con-
sider multiple parameters (homeostatic and circadian) for
inference or prediction of fatigue.15,16 Interest in fatigue
assessment should focus on identifying risk conditions for
accidents and maintaining performance at safe levels.17

Another possibility is the monitoring of core body tem-
perature (CBT), which is a marker of the circadian rhythm.18

which correlates with performance19 and is altered under
conditions of sleep deprivation.20 Corebody temperaturehas
a nadir at dawn, the moment of greatest propensity to sleep,
drowsiness, postural sway, and lower alertness and atten-
tion, and greater attention, alertness, and quick response to a
stimulus are observed during acrophase.19,21,22 Thus, CBT
may indicate circadian moments of lower motor and cogni-
tive performance and greater sleepiness,23 which directly
impact the risk of accidents.

Fatigue and drowsiness are safety hazards,6 it is estimated
that 21.9% of accidents are related to drowsiness.24 Traffic
crashes caused by drowsiness aremore likely to be serious or
cause death.25 In Brazil, around 45,000 people die each year
in land transport accidents,26 which represent a cost of BRL
50 billion, while in Australia the damage caused by fatigue
represents 1.55% of the gross domestic product.27 Thus,
validated strategies to improve recovery, sleep hygiene,
and alertness management can mitigate fatigue,6 reduce
accident rates, injuries, and costs.

In summary, objective measures of performance and
subjective fatigue-related parameters are used to estimate
the level of fatigue due to its complexity. Thus, the objective
of this study is to present comparative results of four differ-
ent methods used to estimate fatigue, as well as to present
the benefits and limitations of each method.

Materials and Methods

Ethical Aspects
This study was submitted and approved by the Research
Ethics Committee of the Federal University of Minas Gerais
under protocol CAAE n° 97394818.6.0000.5149. After all the
procedures, risks and benefits had been informed, as well as
the right to secrecy about their identity and to withdraw at
any time, all volunteers who consented to participate in the
research signed the Free and Informed Consent Term (TCLE,
in the Portuguese acronym).

Sample Selection
The population was composed of 600 workers. Fifty-two
people agreed to be recruited, and 5 of them were excluded
due towork reasons. The sample of the study consisted of 45
men and 2 women (representing 7.8% of population), with a
mean age of 41.3�7.5 years, of all work shifts, who had been
working as truck operators for 11.5�6.0 years, in shift work
fast reverse rotary (4�1). The 4�1 shift is organized into 4
working days followed by 1 day off. The workload for each
shift is 6 hours, including a 12-hour break between shifts.
The shifts are organized as follows: day 1 - from 6 pm to 12
am; day 2 - 12 pm to 6 pm; day 3 - 6: am to 12 pm, and day 4–
12 am to 6 am; day 5–day off, including a rest period of
60 hours between leaving work on the 4th at 6 am and
returning to work on the 6th at 6 pm.

All volunteerswork for a largemining company, in a city of
approximately 120,000 inhabitants in the state of Minas
Gerais, Brazil. They were randomly selected by the mining
company. In the first meeting, the volunteers were intro-
duced to the study and invited to participate in the research;
those who agreed to participate signed the TCLE. As an
inclusion criterion, the volunteer should present at least
3 months of return from vacation due to the body’s adapta-
tions to the work routine. In the same way, the volunteer
could not have a vacation scheduled for the period in which
the evaluations were being carried out. Participants who
reported consumption of illicit drugs and/or sleeping pills
that could bring about any change in attention or alertness, in
addition to thosewho spontaneously gave up participating in
the research, were excluded in the study. Workers who did
not perform the procedures properly or who were absent
from the service for more than a week during collections
were also excluded from the study.

Study Design
All workers answered a structured questionnaire with per-
sonal and work-related information in addition to the Pitts-
burgh Sleep Quality Index (PSQI).28 In addition, they were
submitted to sleep assessment for 15 days using the actig-
raphy method and sleep diary and core temperature assess-
ment for 5 days. For 4 days during this period, the evaluated
subjects were submitted to a sequence of evaluations in the
20minutes that preceded the beginning of the workday.
Sustained attention test for 5minutes using the PVT, re-
sponse from the Karolinksa Sleepiness Scale (KSS), and
postural assessment using the Light Sonometer™. In
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addition, fatigue predictionwas performed usingmathemat-
ical models by the Fatigue Risk Management System (FRMS)
named Fatigue Avoidance Schedule Tool (FAST). Sleep data
obtained from the 15-day actigraphy assessment associated
with the work schedule were entered into FAST for the
mathematical prediction of fatigue (►Fig. 1).

Pittsburgh Sleep Quality Index
The PSQI was developed by Bertolazi AN, 2008,29 and it
evaluates sleep habits in the 30 days prior to application
and the possible presence of some sleep disorders. The index
contains 19 self-assessment items and 6 for their roommate
to answer, divided into 7 components in total. The result can
vary from 0 (zero) to 21 points, classified as good sleep
quality (0–5), poor sleep quality (6–10), and indication of
sleep disturbance (above 10). In addition, it is still possible to
identify the total sleep time as well as self-reported sleep
efficiency.

Actigraphy
Actigraphy is a technique that objectively evaluates the
sleep-wake cycle, through a device placed on the wrist
(similar to a watch) which allows the recording of motor
activity through movements30. Additionally, using specific
algorithms in computer software programs,31 the following
parameters can be estimated: sleep efficiency (SE), sleep
latency (SOL), total sleep time (TST), andmicro-arousals after
sleep onset (WASO).30

All participants used the Actiwatch Spectrum Plus acti-
graph (Philips Respironics, Murrysville, PA, USA) and com-
pleted a printed sleep diary for 15 days. The volunteers were
instructed to use the device for as long as possible and
remove the actigraph only for bathing, physical contact
activities, or in an aquatic environment, and press the button
called “event” when they were ready to sleep. In the sleep
diary, the start and end times of naps, main sleep, and

withdrawals from the device were noted. The sleep diary
was used to help differentiate periods of silent wakefulness
(with lowmovement), improving the accuracy of identifying
the onset of sleepwhen analyzing and interpreting the data31

through the Philips Actiware V.6.

Core Temperature Monitoring
The CBT was obtained by measuring the gastrointestinal
temperature after swallowing a pill and using the CorTemp
EliteTM Data Recorder telemetric system (CorTemp™,
HQinc, USA). The swallowed pill transmits low-frequency
radio waves that vary in wavelength depending on body
temperature. This radio wave is received and converted into
digital form by a data recorder. The data recorder has been
configured to perform automatic CB recordings every
20minutes.

Core body temperature was evaluated for 5 days (4�1
scale period), in which the participant ingested a pill on the
first day of work and when the pill was evacuated, the
participant would receive as many other pills as necessary
to evaluate the 5 days. Each pill was properly calibrated
according to the manufacturer’s guidelines. All procedures
followed the recommendations proposed by Waterhouse J,
2005,32 who highlighted the validity and reproducibility of
this method for recording CBT.

Psychomotor Performance
The PVT assesses sustained attention and vigilance that are
related to fatigue and alertness.12 The portable equipment
model 192 (Ambulatory Monitoring Inc., Ardsley, NY, USA)
was used in the present study. The test records response
times to visual stimuli that occur at random intervals of 2 to
10 seconds over a 5-minute period. Among the data
obtained, the average reaction time stands out, which should
normally be between 100ms and 500ms, while values above
500ms are considered lapses of attention.33 The PVT is

Fig. 1 Study design.
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reliable for measuring attention lapses under conditions of
sleep restriction/deprivation.34

During the evaluation, the participant remained alone in a
quiet room, sitting in a comfortable chair for the 5-minute
test.12,34 Evaluations with the PVTmay present worse values
with the accumulation of fatigue or at the end of the work
shift; in addition, there may be different results according to
circadian performance variations. The data collected during
the evaluation were stored in the equipment’s memory and
transferred to a computer and later analyzed using the
software React (Ambulatory Monitoring Inc.).

Alert/drowsiness Assessment
Participants were assessed for their perceived sleepiness
using the KSS.35 This instrument assesses the level of
alertness/sleepiness at the time of the assessment and was
answered at the beginning of each day of the 4�1 shift (6 PM
– 12 PM – 6 AM – 12 AM). The KSS consists of scores from 1 to
9, with 1 being extremely alert, 5 being neither alert nor
drowsy, and 9 being very sleepy, struggling with sleep, a lot of
effort to stay alert. Considering the KSS responses, ideally, the
score should be as low as possible, which indicates an
increased level of alertness.

Assessment of Postural Balance - Sonometro Light
Postural sway is positively correlated with the level of
sleepiness obtained using the KSS,14 and can be used to
estimate the level of fatigue of workers before their work-
days. Analyzing postural sway is a method that is considered
effective and robust for assessing awake time (awake) and,
consequently, fatigue.13 Staying awake for 17 to 19 hours is
associated with the performance of a person with 0.05%
blood alcohol concentration, and 24hours of wakefulness
can equate to 0.10% blood alcohol concentration,36 causing
reduced attention, and increased response time and atten-
tion lapses. Thus, the Sonômetro Light uses postural sway,
associated with sleep time in the last 48 hours and informa-
tion on the workday to predict the risk of fatigue at the
beginning, middle, and end of the workday. A score between
0 and 5 indicates that theworker is rested and able towork, a
score between 6 and 12 indicates a worker with similar
performance as a person with 17 to 19 hours awake or with
0.05% alcohol in the bloodstream, while scores greater than
12 indicate similar performance to a person with more than
20 hours of wakefulness or 0.10% alcohol in the blood.

For the Sonometro Light™ evaluation, each evaluated
person makes a small record that includes personal informa-
tion, mainly about the start and end times of sleep, the
commute towork, and the start and end time of the workday
to be carried out on the day. The evaluation was carried out
using a device (►Fig. 2) that is fixed a little higher than the
waistline and records the postural sway. After the device is
attached to the subject’s waist, the device is connected to a
cell phone via bluetooth that controls the evaluations via the
Sonometro Light™ cell phone application available on the
PlayStore. The assessment itself consists of standing in an
orthostatic position 4 meters from a monochromatic wall
with a point for visual fixation. The subject must maintain

the posture as stable as possible for 30 seconds (indicated by
sound signals from the device attached to thewaist). This 30-
second assessment was performed twice at the beginning of
each workday assessed.

Fatigue Analysis by the Fatigue Avoidance Schedule
Tool (FAST)
Hursh et al, 1996 developed the first program for monitoring
fatigue based on the sleep-wake cycle combinedwith fatigue
and performance prediction algorithms. The FAST computer
program allows the entry of sleep andwork data,38 returning
with the prediction of performance and fatigue in diverse
populations.39–43 In the present study, information from the
4�1 work scale was inserted into FAST, in addition to
information on the individual activity-rest cycle obtained
using the actigraph for 15 days. Numerical values of effec-
tiveness were extracted from FAST, which is the representa-
tive value of performance and risk in a single FAST score. The
numerical values considered for the statistical analysis were
the effectiveness at the beginning and end of each day. In
order to obtain the averages for the beginning and end of the
night (18 h to 00h), afternoon (00 h to 06h), morning (06 h to
12 h), and early morning (00 h to 06h).

Statistical Analysis
An analysis of the quality of sleep obtained by the PSQI, the
data of TTS, SE, SOL, and WASO obtained in the actigraphy
was carried out. From the PVT, the average reaction time, the
number of attention lapses and false triggers, in addition to
the 10% fastest for each turn start, as well as the KSS
response, were used. For the CBT, the averages and standard
deviations were used every hour, and for the assessment of
postural sway, the fatigue score calculated by the Sonômetro
Ligth software was used. For FAST, the effectiveness value
will be analyzed.

First, a descriptive analysis of the data from each instru-
ment was performed, describing the means and standard
deviation of the evaluated variables. As these are continuous
measurements, the generalized linear model (GLM) was
applied to describe the effect of time between assessments
(18h, 12 h, 06h and 00h) and interquartile (IQ) values for
choosing the distribution of data for each instrument. The

Fig. 2 Illustration for the use of Sonometro Light™ (A: Rear view; B:
Side view, and C: Upper view).
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adopted significance level was p>0.05, and the Bonferroni
correction was adopted for pairwise comparisons, when
applicable. The IBM SPSS Statistics for Windows, Version
20.0 (IBM Corp., Armonk, NY, USA) and GraphPad
PRISM V.9.0 software (GraphPad Software Inc., La Jolla, CA,
USA) were used for data analysis.

Results

Self-reported Sleep – PSQI
►Table 1 shows that the worker’s perception is that they
slept an average of 6.9 hours a day in the previous 30 days,
with an average efficiency of 81.6%. In addition, 51.06% had
good sleep quality and 48.94% had poor sleep quality.

Measured Sleep – Actigraphy
►Table 2 presents the results of the sleep assessment for
15 days of using the actigraph. Sleep latency, TST, WASO,
and SE were evaluated. In addition, we can highlight that
sleep time was different on different workdays. It should be
noted that, on the night before the first shift (18 h to 00h),
workers slept on average 7:47�02:00hours, in the
12hours between the departure of the first shift at 00 h
and the beginning of the subsequent shift at 12 h. Workers
slept on average 6h 42 min�1h 12min, and in the 12hours
between leaving the shift at 18 h and returning to work at
06 h, workers slept on average 5h 45 min�1h 06min, and,
finally, between 12h and the beginning of the last shift at
00 h, the workers slept on average 3h 43 min�01h 12min.
In this cut between 22h the day before the shift from 18h to
00 h until the beginning of the last work shift, there is a
window of 74hours, with workers sleeping 23:57 on aver-
age in this interval.

CBT Monitoring
Core body temperaturewas assessed continuously for 5 days.
Based on the quasi-likelihood under the independence mod-
el criterion (QIC), the GAMMA distribution was adopted for
the generalized linear model. The working day from 12h to
18 h had a higher CBT value in the 1st hour of the workday
than all other days (p<0.05) and also presented a higher CBT
than the workday from 00h to 06 h during the 3rd, 4th, 5th,
and 6th hour of the working day (p<0.05). Additionally, the
CBTwas even higher than the journey from 18h to 00 h in the
5th and 6th hour of the working day (p<0.05). The workday

from 06h to 12h had a higher CBTvalue in the 1st hour of the
workday than the workday from 00h to 06h (p<0.05), and
also presented a higher CBT than the workday from 00h to
06 h and 18h to 00 h during the 5th and 6th hour of the
working day (p<0.05).

►Figure 3 presents a graphic with the results of the CT
comparison in the 6 hours of the shift in each of theworkdays
of the 4�1 scale. On the other hand, in the shift that starts at
6 AM, there is an increase in CBT over the hours in the shift,
while there is a decrease in CBT after the beginning of the
shift at 18h.

In parallel, the workers’ CBT cosinor analysis was per-
formed. The CBT showed a preserved circadian curve, indi-
cating that the 4�1 scale workers are already adapted to the
scale routine and present preserved nadir and acrophase
moments and at circadianmoments compatiblewith what is
expected (►Fig. 4). Therewas also no effect of working hours
on CBT throughout the working day, indicating that regard-
less of the working hours, CBT maintained the expected
circadian rhythm.

Postural Balance - Sonometro Light
►Figure 5 presents the results of fatigue according to the
score proposed by the Sonômetro Light. Based on the QIC

Table 1 Sleep results evaluated by the Pittsburgh Sleep Quality Index.

Score � 5 Score � 6 Score � 11 TB (hours) TST (hours) SE (%)

24 17 6 8.5� 1.3 6.9�1.3 81.6� 12.1

Abbreviations: SE, sleep efficiency; TB, time in bed; TST, total sleep time.

Table 2 Sleep data evaluated by actigraphy.

Evaluated days SOL (min) WASO (min) TST (hours) SE (%)

15.5� 1.1 2.7� 1.5 17.2� 7.4 7.2�0.9 93.5�2.5

Abbreviations: SE, sleep efficiency; SOL, sleep latency; TST, total sleep time; WASO, micro-arousals after sleep onset.

Fig. 3 Average core body temperature (CBT) per hour, from the
beginning to the end of the work shifts in each of the four shifts of
the 4�1 scale. It presents the average and standard deviation of the
CBT per hour, during the 6 hours of the work shift in the four work
shifts of the 4� 1 scale. Core body temperature 18 h: CBT shift from
18 h to 00 h; CBT 12h: CBT shift from 12 h to 18 h; CBT 6 AM: CBT shift
from 06 h to 00 h; CBT 00 h: CBT shift from 00 h to 06 h. §: different
from the CBT 18 h shift; �: different from shift CBT 18 h; #: different
from journey CBT 12 h.
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values, the GAMMA distribution was adopted for the gener-
alized linear model. At the beginning of work, the shift from
12h to 18 h presented a higher fatigue score by the Sonôme-
tro Light than all the shifts from 12to 6 PM and the shift from
06h to 12h (p<0.05). For the estimation of fatigue in the
middle of the day and at the end of the day, the journey from
00h to 06h presented a statistically higher risk of fatigue
than all other evaluated journeys (p<0.05). It is possible to
observe from the values of the scores that the shifts from18h
to 00h and from 00h to 06 h, present greater risks and an
increasing characteristic of fatigue throughout the shift. On
the other hand, the shifts from 06h to 12h and 12h to 18 h
had the lowest fatigue and risk scores, in addition to
the characteristic of maintaining the score throughout the

working day. ►Figure 5 shows the average and standard
deviation of CBT per hour, during the 6-hour work shift in the
four work shifts of the 4�1 scale.

Sustained Attention Test - PVT
Fatigue was also objectively inferred at the beginning of the
shift by the PVT (►Fig. 6) and self-reported by the KSS
(►Fig. 7). Based on the QIC values, the GAMMA distribution
was adopted for the generalized linear model in both analy-
ses. Of the variables evaluated by the PVT, the results showed
performance levels at considerable acceptable levels, and
only the 10% fastest [B] showed worse results in the shift
from 00h to 06 h (p<0.05).

Assessment of Self-reported Sleepiness - KSS
Drowsiness assessed by KSS showed levels of alertness
considered acceptable (from 1–3). No significant differences
were observed between self-reported sleepiness values by
KSS.

Effectiveness (FAST)
The FAST effectiveness variable was analyzed for the begin-
ning and end of each journey (night, afternoon, morning,
and dawn). Based on the QIC values, the GAMMA distribu-
tion was adopted for the GLM to analyze the effectiveness
at the beginning and end of the journeys. All the days
evaluated showed statistical difference between them
(p<0.05) at the beginning of the shift, except for the day
from 12h to 18h compared to the day from 18h to 00 h.
Similarly, all the days evaluated showed statistical differ-
ence between them (p<0.01) at the end of the shift, except
for the day 06h to 12h compared to the day from 18h to
00 h (►Fig. 8).

Fig. 5 Fatigue analysis at the beginning, middle and end of the day
performed using the Sonômetro Light in the 4 different shifts. SL
18 h¼ Light sound level meter shift from 6 PM to 12 AM; SL 12 h¼
Light sound level meter shift from 12 to 6 PM; SL 06 h¼ Light sound
level meter shift from 06 h to 12 h; SL 00 h¼ Light sound level meter
shift from 12 to 06 AM. #¼different from journey SL 00 h.

Fig. 4 Core body temperature (CBT) average over 24 hours a day, in the 4 work shifts. Displays the average CBT every hour per day, during
the 4 working days in which it was monitored. Caption: CBT, day 1 of the 4� 1 scale (workday 18 h to 00 h); CBT, day 2 of the 4� 1 scale
(workday 12 h to 18 h); CBT, day 3 of the 4� 1 scale (workday 06 h to 12 h); CBT, day 4 of the 4� 1 scale (workday 00 h to 06 h).
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Discussion

In recent decades, a significant reduction in the total sleep
time of the entire world population has been observed,44–46

as well as an increase in the number of people who invert

their biological rhythm, especially through night work.47,48A
night of sleep deprivation results in impaired cognitive
abilities, such as attention, concentration, planning, deci-
sion-making, inhibitory control, and can affect neuromotor
centers.49 Thus, monitoring fatigue associated with work,

Fig. 6 Mean and standard deviation of the four variables analyzed by the Psychomotor Vigilance Test (PVT). A) average response time. B) 10%
faster. C) Average of lapses. D) False starts. PVT 18 h¼ PVT shift from 18 h to 00 h; PVT 12 PM¼ PVT shift from 12 h to 18 h; PVT 06 h¼ PVT shift
from 06 h to 12 h; PVT 00 h¼ PVT shift from 00 h to 06 h. #¼different from journey PVT 00 h.

Fig. 7 Drowsiness assessed by Karolinska Sleepiness Scale (KSS)
showed levels of alert considered acceptable (from 1–3). No signifi-
cant differences were observed between self-reported sleepiness
values by KSS: KSS 18 h¼KSS shift from 18 h to 00 h; KSS 12 h: KSS
shift from 12 h to 18 h; KSS 06 h: KSS shift from 06 h to 12 h; KSS 00 h:
KSS shift from 00 h to 06 h.

Fig. 8 Mean and standard deviation of the effectiveness calculated
by FAST, at the beginning and at the end of the work shift, in the
four work shifts of the 4�1 scale. EF 6 PM: Effective shift from 18 h to
00 h; EF 12 h: Effective shift from 12 h to 18 h; EF 06 h: Effective shift
from 06 h to 12 h; EF 12 h: Effective shift from 00 h to 06 h. §: different
from the CBT 18 h shift; �: different from shift CBT 06 h; #: different
from journey CBT 00 h.
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especially at night, becomes a necessity for greater safety and
occupational performance. The worker in a state of fatigue
increases health and safety risks and reduces productivity
and quality of work.

The previously reviewed fatigue assessment methods
found a wide variety of options, in which some do not differ
fatigue from drowsiness.10,50–52 In addition, the different
forms of fatigue (cognitive, emotional, and physical) are
difficult to identify separately.53 Likewise, there is still no
single test capable of jointly considering all forms of fatigue
in a single assessment.

Reaction and psychomotor vigilance tests are widely
disseminated as forms of performance assessment associat-
ed with fatigue and sleepiness in different populations,54

with an emphasis on workers.55 However, in our analyses,
the 5-minute PVT, performed only at the beginning of the
workingday, identified significant changes in performance in
only 1 (TR10%) of the 4 variables analyzed, which presented
worse results only in the last day of the 4�1 scale, from 12 to
6 AM. These results are corroborated by the KSS analysis and
by the sleep of workers who sleep before the start of the
workday and when arriving to start the shift, they showed a
state of alertness and sustained attention at levels consid-
ered adequate. In an addendum, it is highlighted that in the
12-hour interval between shifts on the 4�1 scale, workers
slept for at least 3h 43min.

It should be noted that the assessed group has been truck
operators at the company for 11.5�6.0 years,which suggests
that they are already used to the work routine, function, and
are adapted to the scale. However, it is noteworthy that these
analyses assess performance and subjective alertness only at
the beginning of the workday and do not consider accumu-
lated fatigue. Aworker with chronic sleep restrictionmay, for
example, arrive at work without signs of fatigue and show a
sharp drop in performance after a few hours of work that
could not be detected in tests of sustained attention at the
beginning of the day or even by self-reported sleepiness.

In addition to the limitations of subjective sleepiness
analyses and sustained attention at the beginning of the
workday, Folkard and Tucker56 identified that the relative
risk of accidents increases with the hours worked, so that
shifts with 12hours of work present almost twice the risk of
accidents than shifts with 5 hours of work. Similarly, Meij-
man TF., et al, 1977 found that just 3.5 hours of exposure to
predominantly cognitive tasks are enough to reduce infor-
mation processing capacity. Thus, different work functions
may require different forms of analysis and monitoring of
fatigue during the working day, or software capable of
estimating fatigue during the working day, such as Sonôme-
tro Light.

Despite the inconveniences associated with self-reports,
which depend on the perception of the individual who is
responding, these are still important methods, since they are
simpler options to be used in practice.11 A recent review
suggested that subjective sleepiness assessment (Epworth
Sleepiness Scale) may be a slightly better predictor of traffic
accidents than objective sleepiness assessed by the multiple
sleep latency test.58 In this sense, an education programwith

workers and a system that allows workers to indicate their
level of alertness or drowsiness in a simple way, such as KSS
more than once during the working day, can be an easy and
applicable tool for detecting and managing worker fatigue.
For this, it is necessary to have a fatigue management
program that will indicate the workers’ recovery measures
once fatigue is reported through self-report. It is noteworthy
that strategic breaks in times of fatigue reported by the
worker during the working day can be an effective measure
to reduce the likelihood of occupational accidents. In this
sense, it is necessary to encourage the worker to always
truthfully report the information and that, in case of detec-
tion of fatigue, there is a process of reception and orientation
to the worker and not of punishment. This procedure aims to
establish a routine of trust and commitment in the relation-
ship between the worker and the company.

Assessments by mathematical models consider multiple
parameters (homeostatic and circadian) for fatigue infer-
ence.15,16 Sonometro Light, for example, considers declara-
tive responses regarding sleep time in the last 24 and
48hours, as well as body balance, the circadian timing of
the working day, the worker’s chronotype, and the presence
of sleep complaints, in order to predict sleep fatigue. The
results of these evaluations in this study indicate that the
fatigue scores presented by the Sonômetro Light presented
similar behavior to the CBT, which is a robust marker of
human performance. Excessive drowsiness and increased
pressure to sleep, due to circadian (eg times of drop in
core temperature) or homeostatic factors (sleep restriction
and/or long periods of wakefulness)59 have been identified
as responsible for the increase in errors and accidents,
especially amongnight shift workers, such as nurses, doctors,
police, firefighters, drivers, and miners.7,10,25,58 Sonômetro
Light is a tool that allows you to assess accumulated fatigue,
considering homeostatic and circadian factors in your test
that allows you to indicate the level of fatigue at the time of
assessment and infers fatigue until the end of the work shift.
Such an assessment may have an advantage in monitoring
fatigue, as it makes it possible to identify workers who may
have higher levels of fatigue throughout the working day.

The FRMS is interesting and has the potential to manage
general fatigue.60 Analyses by FRMS can be interesting to
identify moments of risk in different work schedules and
thus propose monitoring strategies at moments considered
critical, in addition to allowing the comparison of different
models of work schedule either with simulated data or
associated with actigraphy. These systems make it possible
to identify themoments of greatest risk in thework schedule
and direct which shifts and times the manager should focus
more efforts on monitoring fatigue. In addition, the FRMS
allows the performance of various simulations that can help
managers to identify conditions that may present greater
risks and that must be monitored more carefully.

Finally, analysis of the fatigue process requires a multifac-
torial approach encompassing specific aspects of work and
the worker. Motivated, attentive workers, less sleepy, and
with a better quality of life have a lower risk of accidents and
lower cost for employers.61 Thus, expenses with sick leave
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(occupational accidents), idleness of workers, maintenance
of machines, or days with machines stopped due to misuse
are reduced.62 Workers’ perceptions of weekly
working hours influence how work will impact the accumu-
lation of fatigue63 and worker motivation.64 This happens
because energy and fatigue are distinct in perceptual
states.65 The negative effects of shift work on health and
absenteeism can be reduced when workers feel comfortable
with their work schedules.66 Satisfied workers and a flexible
work schedule can be a promising tool for maintaining the
health and well-being and work/non-work balance of
employees.67 Being comfortable with work start times can
moderate the negative impact of work schedules68 and help
reduce the conflict between work and social and family
demands.69

As previously exposed, fatigue has several causes and,
likewise, occupational accidents are also multifactorial.70

Reason J., 2000 defends the model in which the occupational
accident is represented by the Swiss cheese, in which each
slice presents barriers or defenses against accidents, and the
holes represent the failures of the system. In this way, the
holes tend to increase and expand; however, normally, they
do not present great risks for accidentswhen isolated (that is,
when the fault appears only in a single slice) but only when
they coincide in successive layers. Thus, analyzing, designing,
implementing, and correcting a fatigue risk management
program is fundamental, so that daily fatigue assessment
actions are only for extreme cases and not something routine
and presented as a way of mitigating accidents. In this way,
monitoring fatigue by different methods can guarantee
greater security in the detection of risk conditions, but the
implementation of mitigation measures that present a good
education and training plan for the entire multidisciplinary
team that works in the prevention of fatigue, in the evalua-
tion process of the worker, in the legal guidelines for the
company and the worker, among other actions, become
fundamental so that the daily analysis of fatigue, when
detected, is the exception and not the routine and the
main action to be implemented to minimize and prevent
the possible accidents.

The KSS applied only at the beginning of the day was not
enough to identifyworker fatigue. This result can be explained
because the KSS is an evaluation that only considers the
perception at the time it is applied and since the workers
always slept before the work shifts, they would arrive with
little drowsiness.However, the accumulated fatigue factor that
may indicate different patterns of fatigue throughout the
working day is not considered in this assessment.

In summary, the core temperature analysis identified that
the shift between 00 h to 06 h was the one with the lowest
core temperature from its beginning to the end when com-
pared to the shifts from 12h to 18 h (which presented higher
CBT values) and the shift from 06h to 12 h (which presented
an ascending TCC characteristic).While the shift from 18h to
00h showed a descending characteristic of CBT and differ-
ence only in the last two hours for the shifts from 12h to 18 h
and from 06h to 12h. In a similar way the Sonômetro Light
identified a higher fatigue index in the shift between 00h to

06 h when compared to the shifts from 12h to 18 h and the
shift from 06h to 12h and, as observed in the CBT (in an
inversely proportional way), it is possible to identify an
ascending characteristic of fatigue for the shifts from 00h
to 06h and from 18h to 00 h and maintenance of fatigue
throughout the shifts from 12h to 18 h and the shift from
06h to 12h. Corroborating the data, the PVT identified a
worsening of the worker’s performance in only one variable
and only on the day when the shift starts at 12 AM, which is
the last shift of the 4�1 scale.

Study Limitations

The main limitation of the present study is the impossibility
of comparing methods that present scores and results that
are different in their scalar magnitudes, and thus are difficult
to be analyzed in a single comparative statistics. In addition,
the study did notmanipulate a condition (eg. studies of sleep
deprivation>24h) that actually induce fatigue in theworker
and subjected him to different tests. As there is no gold
standard test to identify fatigue, it is not possible to say that
one method is more effective than another and it is not
possible to say whether the worker was fatigued when
carrying out the evaluations. The fact that we considered
only one definition of fatigue justifies the discussion about
the results found.

Final Considerations

Sleep is a fundamental factor for humans and directly
influences drowsiness and fatigue. Sleep restriction
increases the possibility of errors and accidents and injuries,
which can generate high costs for governments and compa-
nies. Because it is a complex and multifactorial construct,
accurately assessing fatigue becomes an equally complex
task.

As expected, the differentmethods proposed in this study,
except the KSS, identified the work shift from 00h to 06 h
with the highest levels of fatigue. Each method has positives
and negatives, and it is up to the evaluator/manager to
identify the method that best suits the purpose of the
evaluation as well as the culture and local conditions.
Thus, using different risk and fatigue assessment and man-
agement methods in combination can favor the collection of
data which allow fatigue management, and work planning,
aiming at maintaining performance and reducing accidents
and injuries.

In addition, carrying out assessments that allow estimat-
ing performance and fatigue throughout work can be a
differential since, as presented by CBT, performance and
fatigue may change throughout the working day, either
due to circadian or homeostatic factors. In addition, quick
assessment strategies during the working day can be an
alternative for monitoring during the shift, and for this the
worker must be a central part of the process of education,
and adaptation of the work schedules, since the worker’s
feeling in relation to the work directly impacts their motiva-
tion, fatigue, and risk of accidents.
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