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ABSTRACT

Background. Poor sleep and excessive fatigue among workers can reduce well-being and physical fitness. However,
not many studies have mentioned how sleeping deprivation among night-shift healthcare workers impacted their
work performance in multiple aspects.

Method. We conducted an evidence-based case report (EBCR) of a night shift nurse who was worried about the
impact of her sleep deprivation on her work performance in the future due to prior history of needle-stick injuries. We
aimed to determine whether sleeping deprivation caused by regular night shifts leads to decreased work performance
among night-shift healthcare workers by formulating a clinical question. Evidence was searched systematically using
five major journal databases (Proquest, EBSCO-Host, PubMed, ScienceDirect, and Cochrane) and was assessed
thoroughly using inclusion and exclusion criteria.

Results. Eleven eligible studies were obtained with a medium level of evidence (llI-1V), three systematic reviews
with meta-analyses (SR-MA), three SR without MA, and five observational studies. All of them were analyzed and
critically appraised using Oxford Evidence-Based Medicine and Joanna Briggs Institute tools. We found that reduced
quantity and quality of sleep impacted all dimensions of work performance among healthcare professionals, be it in
task performance (e.g., skill proficiency), contextual performance (e.g., communication skill and mental health issues),
and patient and health worker safety (accident and medication error). It could also encourage counterproductive
work behavior, such as absenteeism. Furthermore, sleep deprivation changes circadian rhythms, causing decreased
information processing and affective recognition functions in some vital brain areas, ultimately affecting several
work dimensions.

Conclusion. In conclusion, stakeholders need to adjust proper shift scheduling for health care workers, practice sleep
hygiene, maintain physical fitness, and consume nutritional food, positively correlated to health and productivity.
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INTRODUCTION
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globally.” In the Asia-Pacific region, 1.9 billion persons are
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employed, accounting for 57.6% of the workforce in the
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will increase by 75% in 2030, ranking 4™ after the European,
Western Pacific, and Americas regions.

Following United Nations’ 17 Sustainable Development
Goals (SDGs) goals, good health and work concerns are
fundamental issues. The objective of the SDGs is inseparable
from the inevitable large number of health professions.*
Health occupations are in the high-risk category of high
workloads and rough working time, bringing us to health and
work performance concerns. Several studies highlighted poor
sleep and excessive fatigue among shift workers can reduce
well-being and physical fitness. However, it still became a
question whether sleep deprivation among night shift health
workers had a broad impact on work performance.”® Safety
also becomes the most significant concern in patient care
and occupational health for health professionals. The Inter-
national Labour Organization (ILO) estimated that about
2.3 million workers worldwide suffer work-related accidents
or diseases every year.” Particularly in the health workers
population, the incident rates for non-fatal injuries related
to work in 2017 were 100-150 per 10,000."° Work-related
injuries impact the health sector and impose an economic
burden due to spending up to 4-6% of the Gross Domestic
Product (GDP) in various countries across the world.?

All sleeping problems and their impact on night shift
health professionals have raised issues in occupational
health because it was suspected to affect work performance
in health services and patient care.""? However, currently,
to our knowledge, there are no studies that present and
discuss comprehensively valid evidence about the impact
of sleep deprivation on healthcare workers; indeed, this is
often questioned by healthcare professionals who naturally
have to frequently deal with the quality and quantity of sleep
due to night shifts leading to sleep deprivation. In addition,
not many general physicians acknowledge the impact of
sleep deprivation on the night shift and can satisfactorily
answer patients’ questions. This issue incited us to conduct
an evidence-based case study from a question raised by our
patient who worked as a nurse and who suffered a needle
stick injury during a night shift in a hospital. She was worried
about whether her previous work accident was related to
sleep deprivation. If so, what other work performance will
be affected as a health worker if she frequently experiences
sleep deprivation.

Therefore, we aimed to present a case report and
investigated the evidence about the impact of sleep deprivation
on night shift healthcare workers’ performance, including
the physiological-neurocognitive behavioral mechanism
pathway that underlies work performance changes to yield
comprehensive recommendations for a better health sector.

Case lllustration

Mrs. A (35 years old) is a nurse in a private hospital.
She came to a general practitioner due to dizziness, lack
of concentration, heartburn, and lethargy in the past three
months. These complaints caused her to make frequent
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mistakes in the hospital. For example, two days before the
consult, she accidentally stuck a syringe in her finger while
injecting drugs to her patient. Routinely, she worked for 8
hours a day and was on night shifts three times a week. If
a friend could not fulfil a night shift, she would replace her
friend's night shift. She frequently felts sleepy at work, had
difficulty falling asleep at night, woke up in the middle of
the night, felt tired, and was not well-rested upon waking
up in the morning, although she had spent 8 hours sleeping
(while not in the morning night shift duty). There was no
marital conflict in her marriage, and her husband fully
supported her career. She had no symptoms of depression,
nor was she on sleeping pills.

General physical examination revealed that the patient
was conscious and comfortable, and vital signs were stable,
with only slight tachycardia (110 bpm). There were no
significant abnormalities in the head-to-toe assessment. An
inactive bloodless stab wound and bruise on the left middle
finger were treated according to the standard operating
procedure as a needle stick injury case at her hospital
emergency room.

The patient is obese according to both the WHO
and Asia-Pacific guidelines for Body Mass Index (BMI)
classification (27.23 kg/m?). A laboratory test at the pricking
incident and two days before consult showed negative results
for HIV, Hepatitis B, and Hepatitis C. Complete blood
count examination was within normal limits.

The patient was worried about her sleeping problem
and was curious whether the situation would affect her
performance in the hospital.

Clinical Question

In this case report, the writers explored the clinical
question; “does night shift healthcare workers’ sleep
deprivation affect their working performance?”. This question
was translated to a PEO (patients, exposures, and outcomes)
formula to collect evidence systematically:

P: night-shift healthcare workers

E: sleeping deprivation

O: working performance

METHODS

Materials and Method

Patient data were obtained from medical records, history
taking, and physical examination with the patient's consent
supported by previous laboratory results at the hospital where
she worked. We used the evidence-based case report (EBCR)
design to interpret problems in the case and looked for the best
management by approaching the evidence systematically. We
focused on the clinical question about sleeping deprivation
on working performance among night-shift healthcare
workers as the main problem. We systematically managed
high-quality evidence by critically reviewing the literature
for its validity, importance, and applicability. Furthermore,
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we summarized the findings to address the patient’s problem
and gave evidence-based recommendations.’

A literature search was conducted on September 1,
2019, with the combination of keywords and their synonyms:
« »« . . »« » « .

worker,” “sleep deprivation,” “work performance,” and “night

shift” using Booleans AND, OR, NOT, as well as asterisk,
parentheses, and quotation marks to enhance specificity
and sensitivity (exact keywords are shown in Figure 1).

Five journal databases were used: Proquest, EBSCO-
Host, PubMed, ScienceDirect, and Cochrane. A second

Searching Processin 2019 Updates in 2019-2!

Worker OR “Sleep” time” OR “"Sleep* “Occupation® injuries” OR "Occupation® Hits 2021: 4.313
= employee quality” OR "Sleep” stress” OR "Occupation* health” OR Night -
(o] OR labo*rer deprivation” OR “Sleep* “Occupation® impe_ct“ OR_Occu_pa{ion' QR : .
= OR staff OR insomnia” OR "difficulty employment® OR “job satisfaction” OR "Work Shift : erosqggﬂ;sgt% ’
g manpower sleeping” OR "Sleep* duration” Performance” OR "Task Performance” . ‘PUbmad: 396
i - ScienceDirect: 1,914
— « Cochrane: 27
-
4
& v v v v Y
= Hits in 2019: 50,549
Proquest EBSCOHost PubMed ScienceDirect
49,554 128 665 202 5
Screening total 54,867 articles for the title and abstract
independently by each author
Exclusion Criteria: = T
Inclusion Criteria:
" conamean | + Ongiralaricles ot
) . l— issertation or thesis),
2 stqdy design published in English
o0 « Articles were not » Published in the last
w matched with 10 years
5 clinical question - Etiologic study design:
i « Full articles were (1) meta- analysis or
not available A 4 A 4 A 4 \ 4 \ 4 systematic review of
(=] 0 2 3 1 0 experimental etiologic
5 ‘1, (Add: 6) (Add: 0) (Add: 3) (Add: 1) (Add: 0) gss‘;ac';:‘gl’“(;'; or
o | | | | | individual etiologic
= Excluded because not : - : . research or any kind
Z matched with criteria | Total records after screened (n = 6 articles in 2019, 10 articles in 2021) l St obSarvalional
i (n =54,867) studies
['4
8 Filtering for duplicate articles
Duplicates removed
(n=2)
Total records after filtered (n = 14) |—|
Hand searching from the
references (n =2)
t Non eligible articles excluded (n = 5) due to: Full-text arti_cl_es: ‘assessed
=5 ] for eligibility
= « different outcome, can not be concluded (n = 3)
@ « does not meet criteria for good systematic
Q review (low quality review article) (n = 1)
I'.-Il" « Participants are not workers (n = 1)
o Total articlesincluded for critical appraisal
w (n=11)
o =
=2
d » Systematic Review & Meta-Analysis (n = 3)
= » Systematic Reviews (n = 3)

Observational Studies (n = 5)

Figure 1. Flowchart of the selection process.
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search to enhance and update the search results was made
on March 18, 2021, for newly published articles between
2019 and 2021. The keyword “night-shift healthcare workers”
was omitted because it was too specific and limited literature
hits. Instead, the word “worker” and its synonyms were used.
The resultant records were sorted to select only healthcare
workers as the study population.

All references were screened for the title and abstract and
were filtered with the following inclusion criteria: (1) studies
involving human subjects, (2) published in English, (3)
compatible with the clinical question and the etiological study
design, and (4) published in the last ten years. In addition,
we excluded studies that did not follow the study design
or the clinical question and if the full text was not available.

Sixteen articles were collected, six from the 2019 search
and ten from the 2021 updated search process. Two duplicate
papers were dropped, and two papers were added from hand-
searching. Furthermore, five ineligible articles were dropped
after reading the full-text manuscript. Thus, eleven articles
were included, comprising three systematic reviews with
meta-analysis (SR-MA), three SR without MA, and five
observational studies.

All articles were appraised for validity, importance, and
applicability using the critical appraisal tools from the Centre
for Evidence-Based Medicine (CEBM), Oxford University
for SR and MA," and the Joanna Briggs Institute (JBI),
University of Adelaide appraisal tools for the observational
studies.”® All papers were reviewed independently by the
authors and approved by all contributors through discussions.

Regarding ethical issues, the Declaration of Helsinki
stated that formal ethical approval might not be necessary in
case reports, and no experiments were performed on subjects.
We have obtained consent and permission from the patient
to publish her case without disclosing the institution and

her identity.
RESULTS

To establish etiology, we attempted to get research
studies that stated odds ratio (OR), relative risk (RR), or
injury hazard ratio (IHR). In this EBCR, eleven etiological
studies were obtained and suitable for the clinical question.
Still, most studies on this topic only disclosed a measure of
risk as significant correlation or relative proportion between
night shift and day shift or afternoon shift.

Based on the critical appraisal for validation of the six SR
and MA studies in Table 1, two studies (Litwiller B et al. and
Kucharczyk ER et al.) did not explicitly include the specific
clinical question.”® Still, a similar PEO was implicitly
drawn from the summary table. A meta-analysis from
Litwiller B et al. did not include forest plots or heterogeneity
analysis found on typical MA." Studies from Litwiller B et
al., Kucharczyk ER et al., Whelehan DF et al., Gates M et
al., did not include all high-quality studies probably because

research related to sleep deprivation among workers was
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minimal and were primarily observational studies, with a
level of evidence between III to IV.1921:22

Research from Whelehan DF et al., Di Muzio M et al.
(a)., and Kucharczyk ER et al. did not apply to heterogeneity
analysis because no meta-analysis was done for the data. 22"
The SR and MA from Wagstaft AS et al. was a high-quality
study and provided risk outcomes in the form of odds ratio
(OR), risk ratio (RR), and injury hazard ratio (IHR) for an
occupational-related accident.*

Another type of study obtained was observational
studies, which have been critically appraised, and the results
are shown in Table 1.

Only Cho SS et al. did not clearly define the sample
inclusion criteria among the five observational studies.
'This study included workers in general, not limited only to
healthcare professionals.” The paper was still eligible because
other items were considered valid. Three studies, Di Muzio
M et al. (b).,, Cho SS et al., and Ganesan S et al., stated
possibly confounding factors without controlling them but
recommended adjustments for further research.*% In short,
all eleven studies were considered valid with a middle level
of evidence (level ITI-1V).?8

The articles were critically reviewed for the aspect of
importance, which is summarized in Table 2. The papers were
all clinically meaningful, even though some of the results
were not statistically significant. An outline of the outcomes
in each article is shown in Appendix A.

'The applicability assessment for all studies is explained
in Table 1. Overall, the studies were applicable to our
study population. However, five studies were not similar to
our clinical scenario, and we marked them as unclear. For
example, these studies by Whelehan DF et al. and Gates M
et al. focused on doctors as the studied population; Litwiller
B et al. did not list specifically the workers’ population;
Kucharczyk ER et al. included various other people as part
of the study.’* Another issue was from a study by Cho SS
et al.,> which only stated the study population as general
workers (including healthcare professionals). To overcome
this issue, we only included the outcomes from relevant
studies in their summary table, particularly studies that use
the term “general workers” and have health workers as part
of their study population.

In short, the eleven studies were eligible for review
on the impact of sleep deprivation on work performance
among healthcare night shift workers, and we furthermore
constructed the best recommendation for the patient in
this case report.

DISCUSSION

Analysis of Case

In this case report, our diagnosis for Mrs. A was sleep
deprivation (ICD-10-CM Code Z72.820) both qualitatively
and quantitatively."” Her sleep quantity decreased due to the
night shift schedule, which dramatically reduced her sleep

VOL.55NO. 6 2021

ACTA MEDICA PHILIPPINA 653



Sleep Deprivation and Healthcare Work Performance

Table 1. A critical appraisal of the validity and applicability of a

studies included

o
&y
©
-
7}
T8
(a)
=
1]
=
9
[}
s

CA for Validity of SR and MA studies?

Di Muzio M et al. (a) #

systematic review with meta-analysis and observational

Gates M et al.22
Litwiller B et al.*?
Kucharczyk ER et al.?°
Wagstaff AS, et al.%
Di Muzio M et al. (b) 2
Cho SS et al.?

Costa C et al.?”
Behrens T et al.*°
Ganesan S et al.?”

. Clearly defined PEO
. All relevant evidence found
. Appropriate inclusion and exclusion criteria

. Valid and relevant studies are assessed
. Inclusion of high-quality and low-risk of bias studies

. Summary table or plot to total up the result

N oA WN e

. Heterogeneity analysis

CA for Validity of Observational studies®

1. Clearly defined sample inclusion criteria

2. Detailed description of subjects and setting

3. Valid and reliable measurement of exposure

4. Standard criteria for disease/ injury measurement
5. ldentification of confounding factors and dealt with
4. Valid and reliable measurement of outcome

CA for Applicability of All studies*®

1. Similarity of Patients
2. Clinically Important Outcome
3. Beneficial to My Patient

2 Checklist from Oxford CEEBM; ® Checklist from JBI.

Abbreviation: CA (Critical Appraisal); MA (Meta-Analysis); PEO (P: patient, population, problem; E: exposure; O: outcome); SR (Systematic Review).

Notes: Yes, clearly stated in the study: ®  Unclear/ Not applicable/ Variable result:

hours and changed her sleep pattern. In terms of quality, her
sleep deprivation was proven by symptoms of feeling sleepy
while working, failing to fall asleep, and feeling not refreshed
when waking up in the morning, although adequate hours
of sleep were met."”” In fact, nurses have two kinds of shift
work settings, specifically 3-shifts or 2-shifts work settings.
Sleeping deprivation in nurses occurred in around 30-70% of
nurses in 3-shifts work, setting an average sleep duration of
6.8 hours, while in a 2-shifts work setting, the sleep duration
was 5.2 hours.3* Thus, nurses, as one of the categories of
health workers on the night shift, would be having less
time to sleep than in other types of shifts, either in quality
or quantity.”

Mrs. A also complained of dizziness, decreased
concentration, heartburn, and lethargy, which probably
were a cumulative physiological manifestation of sleep
deprivation.®*¢ She thought this issue would continuously
influence her performance, proven by the incidence of needle
stick injury during her duty, which fortunately did not affect
blood-borne disease transmission based on interim laboratory
results. Her medical history and the general physical
examination have excluded any psychological problems, the

No, definitely not matched with the criteria: @

background of psychiatry disease, and comorbidities. In this
patient, what needed to be considered was her BMI, which
was classified as obese, which was also a manifestation of
metabolic and endocrine changes from lack of sleep.®-%

Based on our examination, Mrs. A had acute anxiety
as observed from her physiological tachycardic reflex. In
addition, she worried her sleeping problem could interfere
with her performance in the hospital. Therefore, we searched
relevant evidence-based research designs (SR, MA, and
observational studies) to investigate these issues that matched
the etiologic clinical question type.

Importance of the Reviewed Studies

We successfully attained eleven relevant articles to answer
our patient’s question, comprising six SRs with/without MA
and five observational studies. Among the six SR-MAs, SR
of Whelehan DF et al. has a brief explanation about the
impact of sleep deprivation on the technical skill proficiency
of surgeons as one of the key personnel to maintain patient
safety during operation.”! There was an 11.9-32% decrease
in performance, which could impact the patient’s safety.
Previous studies also showed that sleep deprivation caused
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Table 2. The summary findings of the importance of studies included related to the effects of sleep deprivation on work

performance
Authors Study design Population I\/(I;ar?;:e Effects of Sleep Deprivation
Whelehan 3A SR with MA Surgeons p-value e Probably worsen technical proficiency skills.
DF et al.2 of OS e Decreased performance not statistically significant (11.9-32%).
Di MuzioM 3A SR of OS Nurses OR and e Increased risk of accidents and medication error (error rates 2-4% and
etal. (a)% p-value OR ~ 2) and increased patients’ death by 300%

o |Impaired communication skill with patients and team
e Disturbed sleep (56% sleep-deprived) and resulting fatigue
o Impaired cognition and correlated with safety

Gates M 3A SR with MA Doctors OR, MD, e These factors are related to health and well-being: increased burnout
et al.®? of OS and (OR 0.84), elevated parameters of biochemical or physiological stress
p-value related to work (p<0.05), enhanced odds of using tobacco (OR 1.42),
and tranquilizer use (OR 3.26), and odds of sickness (OR 2.92). Sleep
deprivation is correlated with thoughts of suicide (p<0.01), mood
disturbances (p<0.001), and depression (OR 2.38-2.70). Life, job,
marital satisfaction decreased (OR 0.44), and life-balanced perception
worsened (OR 0.46).
o Related to performance and risk of errors: no influence in surgery
time and efficiency (MD -0.14; p=0.70) and no impact to laparoscopic
simulation skill; but disrupted performance on a virtual ring transfer task
(p<0.05), made longer reaction times, and reduced concentration ability.
In addition, there was reduced HVLT among anesthesiologists—reduced
reaction time after sleep deprivation was found (p<0.05).
e Related to the patient and occupational safety: increased medical and
prescribing error (RR 1.25), but did not result in a difference in the rate
of postoperative complications and mortality (RR 0.98).

Litwiller B 3A SR with MA General and p-value e Sleep quality and quantity are associated significantly, and they are

et al.1¢ of OS health workers negatively correlated with: (1) state negative affect; (2) turnover
cognition; (3) job satisfaction; (4) task performance; (5) contextual
performance; and (6) safety performance.

Kucharczyk  3A SR of OS General and p-value e Sleep disturbances in the night-shift worker cause: (1) lowered job

ER et al.? health workers satisfaction (p<0.01); decreased workplace productivity (p<0.01); (3)
increased work disability (p<0.001); (4) increased desire to change
career and more likely will slow career progression (p<0.01); (5)
enhanced the odds of absenteeism (p<0.01 to p<0.05); and (6) elevated
the odds of work accidents (p<0.05).

Wagstaff AS  3A SR with MA of Nurses and other IHR, OR, e Night shift and sleep deprivation increased the odds of work-related

et al.* OsS. health workers and RR injuries with IHR 1.30; 95% CI: 1.12-1.52.
Di MuzioM  2C Cross-sectional Nurses p-value e Tiredness was greater after the night shift worker (p<0.001).
et al. (b) % study e Sleepiness was higher in the night shift worker (p<0.001).
e Response times were higher in the night worker (p<0.001).
e Lapses in the night shift were greater (p<0.05).
Cho SS 2C Cross-sectional General and HRPL e Fixed night work significantly reduced 7.7% of productivity (95% Cl:
etal.® study health workers 1.8-13.7).
Costa C 2C Cross-sectional Residents p-value e No daytime sleepiness, sleep disorders, intellectual efficiency changes,
et al? study (Doctors) and cognitive impairment were found significantly after a night shift, but
it negatively impacted moods and daily activity.
Behrens T 2C Cross-sectional Nurses and Beta e In night shift worker, reaction times were increased (B = 7.64; 95%Cl:
et al.®° study medical lab logistic 0.94-14.35); number of lapses were higher (exp(B)=1.55; 95%Cl:
assistants models 1.16-2.08); and index of response speed and accuracy was reduced
after night shifts (B = -15.52; 95%Cl -27.49-(-3.46))
Ganesan S 2C Cross-sectional Doctors and p-value Restricted sleep (5.74 + 1.30 h; p<0.001) in night shift.
et al? study nurses Delayed time of waking up in night shift worker (p<0.001).

PVT mean reaction times were higher (p<0.001).
Increased sleepiness and drowsiness (p<0.01).

Abbreviation: 95% Cl (95% Confidence Interval); HRPL (Health-Related Productivity Loss); HVLT (Hopkin’s Verbal Learning Test); IHR (Injury Hazard

Ratio); LoE (Level of Evidence); MA (Meta-Analysis); MD (Mean Difference); OR (Odd ratios); OS (Observational Studies); PVT (Psychomotor Vigilance
Task); RR (Relative Risk or Risk Ratio); SR (Systematic Review).
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decreased attention, vigilance, and precision, correlated to
skill performance.?™* It was also worsened by impaired
information processing and delayed decision-making as the
brain's cognitive and psychomotor aspects. But the reason
that the skill decreased in this study was not statistically
significant might be evidence that sleep loss only impaired
performance in simple tasks instead of complex cognitive
tasks like surgery. Therefore experts in surgery might easily
handle sleep disturbance based on their expertise.?!

The SR of Di Muzio M et al. (a) analyzed the impact
of sleep deprivation on the working performance of nurses,
focusing on the risk management and occurrence of
medication errors.”® Several essential factors in this paper
included increased workload and fewer personnel, commonly
found during the night shift, resulting in significant errors
due to fatigue. Sleep deprivation during the night shift also
could impair the communication skills of the patient, family,
and team. It could also result in cognitive dysfunction,
which potentially affects the patient and their safety.”® The
limitation of this SR was the inevitable heterogeneity of
studies, some of which did not state their OR, RR, or HR.
Similar limitations were likewise described in the study
by Whelehan DF et al.?!

The SR with MA from Gates M et al. explained that
fatigue and sleep deprivation could reduce physicians’
well-being and work-life satisfaction, increasing chances
of burnout, depression, and psychological stress.? Several
studies also mentioned that sleep deprivation caused longer
reaction time in psychomotor aspects and the likelihood
of medication errors. However, analysis of studies included
in this MA revealed that fatigue and sleep deprivation did
not result in prolonged operation time or increased patient
mortality and postoperative complications.*

A MA study by Litwiller B et al. stated a correlation
between sleep quality and quantity.’” Both of them have
some impacts on work performance towards workers, such
as mental health correlates, i.e., increased anxiety, depression,
fatigue, and general strain; turnover cognition and negative
affective state (reduction of the accuracy to recognize others’
emotions); and correlation between sleep deprivation to
work performance such as job satisfaction, task performance,
contextual performance, and safety performance.' This study
had good outcomes but not in the form of OR, RR, or HR.”

An SR study done by Kucharczyk ER et al. stated that
sleep disturbances are associated with lower job satisfaction,
reduced productivity, slower career progression, increased
risk of absenteeism, and workplace accidents.”? However,
some limitations of Kucharczyk ER et al. were (1) the
lack of information about the quality of studies included
in their paper; (2) heterogeneity and different operational
definitions of included studies; (3) the lack of OR or RR,
with the only association value measured by p-value, which
concluded causation challenging to obtain.?

This lack of data limited the conclusion only to the
association between night shift work manifested in sleep

deprivation and work performance. Still, it could not explain
the causal order of these factors. Following job satisfaction,
there was evidence that fatigue in the nurse population
contributed to job dissatisfaction and made them retire from
the profession.®®* The rate of turnover cognition or thinking
of quitting for nurses in the United States of America was
impactful for hospital cost, about 27%, ranging from 5-27
million USD per year.®

The SR and MA from Wagstaff AS et al. was a high-
quality study, proving that long working hours are associated
with an increased risk of a work-related accident.?* This
study provided several measurement outcomes (OR, RR,
and THR). However, some of the studies included used self-
reported data, which could potentially cause bias. Also, the
authors only had English journals which potentially can
cause publication bias.** Study from Gates M et al. and Di
Muzio M et al. (a) were the two best studies among SR and
MA, which matched our clinical question and have clinical
importance to be applied.?*?

Di Muzio M et al. (b) compared the impact of
night, morning, and afternoon/evening shifts on nurses’
psychomotor performance, tiredness, and sleepiness in the
observational studies.”® They found that nurses at the end of
their night shift were sleepier and more tired than those on
day shift. Furthermore, the night shift nurses’ performance
on the Psychomotor Vigilance Task (PV'T) was worse than
the day shift. The nurses’ lower performance on the PVT
could be associated with a higher risk of medical errors.®
Although no studies directly evaluated the correlation
between PV'T performance and medical errors, some studies
found that mistakes in the workplace could be predicted
due to reduced sustained attention.**

Cho SS etal.® conducted a cross-sectional study in young
adult workers aged 19 and above in South Korea. This study
involved a total of 4,146 workers assessing whether there
is a significant role of work-shift in reducing productivity.
The questionnaire was used as a data source and resulted in
only a fixed night-shift work schedule significantly reduced
7.7% points of productivity (95% CI: 1.8-13.7).

In Italy, with 80 medical residents, Costa C et al.?’ did
a cross-sectional study with four questionnaires. The results
showed no cognitive impairment, daytime sleepiness, and
sleeping disorders among the residents. However, it turns
out that there were emotional problems within the residents
that impact work performance.”

A more complex assessment of sleep deprivation's
psychomotor impact was described in Behrens T et al.’®
'This research compared PVT in female health workers after
their day and night shifts. After the night shift, they found
that the workers’ reaction times increased, and the number
of lapses after the night shift was higher than the day
shift. The result of this study was similar to other previous
studies, which found that the nurses’ PV T-response speed*
and reaction times decreased at night shift compared to
nurses of the day shift.* However, this study found that
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the number of lapses was reduced after the third night shift
indicating an adaptation of the workers to the night shift
schedule, which is also found in the previous similar study.*®

The fifth observational study from Ganesan S et al.”
involved 52 doctors and nurses aged 22-64 in Australia
given an online questionnaire, and also a record of their
sleep-wake behavior with a wrist-worn actigraph and daily
sleep diary, assessing them with Karolinska Sleepiness Scale
(KSS) and 5 minutes visual PV'T; and testing their drowsiness
with John Drowsiness Scale (JDS). The result showed that
sleep was mainly restricted during consecutive night shifts.
The PVT and KSS scores were both poorer when working
on night shifts. Performances both in the first night shift
and the following night shifts were all impaired.”

From Basic Science of Sleep Deprivation to
Occupational Impacts

In exploring the basic science regarding the link
between sleep deprivation among night shift workers and
occupational impacts, a causal pathway was revealed, as
illustrated in the framework of relationships between work
and sleep in Figure 2. Existing studies still connect the night
shift with a reduction in sleep in terms of quantity and quality.
Thus, sleep deprivation will manifest into an exhausted
condition that can interfere with information processing and
affective responses to potentially cause occupational impact
for workers. Twenty-three aspects of work performance are
successfully identified, worsening due to sleep deprivation
among night shift in healthcare. However, three results
had no correlation and impact from sleep deprivation due
to the proficiency and expertise of healthcare professionals
(particularly surgeons and obstetricians-gynecologist) to
keep and maintain their patients’ care. All of the essential
points were summarized into the conceptual framework
in Figure 2.9

Sleep Deprivation: Quality and Quantity

Sleep is defined as the status of immobility characterized
by significant deprivation of physical responsiveness of a
person and may cause reorganization of neural activity.’%
Sleep has two components, quality and quantity. The key
indicators of good sleep quality are having sleeping more
time while in bed (at least 85% of the total time), falling
asleep in 30 minutes or less, waking up no more than once per
night; and being awake for 20 minutes or less after initially
falling asleep.”*>> Meanwhile, good sleep quantity is defined
by age. For adults (26—64 years old), proper sleep quantity
ranges from 7-9 hours, and a length less than 6 hours or
more than 10 hours is not recommended.*®

A person may be sleep-deprived both qualitatively and
quantitatively. Both of them are significantly correlated with
each other." Sleep quality deprivation is subjectively referred
to as fatigue after waking up and may continue during the
day, sleepiness after resting, and frequently waking up at
night.”” Problems of sleep quality can be encountered in

Sleep Deprivation and Healthcare Work Performance

both people with enough sleep duration and insomnia.
Deprivation of quality and quantity of sleep affects long-
term cognitive performance, motoric function, mental health,
and physical health of workers. All of these effects may

reduce the work performance of a worker."’

Association between Sleep Deprivation and Occupa-
tional Impact: Analysis of Physiological Changes

Sleeping is controlled by a circadian rhythm with a 24-
hour endogenous rhythm through daily exposure to light
and dark cycles. Specifically, circadian rhythm is regulated
by the melatonin hormone and the suprachiasmatic nuclei
(SCN). As a diurnal species, melatonin is hypnogenic
(inducing sleep or hypnotic state) for humans. The SCN
influences clocks in peripheral tissues through neural signals
communicated via the autonomic nervous system (ANS).
Artificial light exposure at night can disrupt the SCN
clock and melatonin rhythm.”>* By lacking sleep at night,
the circadian rhythm will present an alertness phase until
the worst sleepiness occurred in the morning.®

Sleepiness significantly impacts work outcomes through
physiological changes towards information processing,
cognitive, affective, motoric function, and mental and
physical health. In information processing, losing 24 hours
of sleep will result in the deactivation of 7% of the area in
the brain, as proved by glucose hypometabolism. The most
impacted area of the brain would be the prefrontal cortex,
temporal, superior-parietal inferior part of the brain, and the
thalamus.>* The prefrontal cortex controls high cognitive
functions, such as planning, foresight, and problem-solving.®!
'The temporal-inferior superior parietal cortex is responsible
for other higher cognitive abilities such as semantic hearing
and visual information processing.’ Thalamus generally
controls arousal. Thus, sleepiness causes hypometabolism
in the area of the brain responsible for higher regulation of
cognitive abilities and arousal.3>36:61

In cognitive function, short-term sleep deprivation can
reduce the speed and accuracy of simple attention, complex
attention, working memory, processing speed, short-term
memory, and reasoning skill.®* Sleep deprivation produces
a decrease in the speed of information processing shown
by the slower response time, increased errors, and decreased
ability to correct the mistakes.®® Sleep deprivation generally
negatively affects attention and selectivity, with a more
significant deficit in the early stage of cognitive processing
(e.g., visual processing) than in the later stages (e.g.,
response selection).* Sleep deprivation has been found to
reduce the function of memory by reducing hippocampus
activity. Thus, even one night of sleep loss will interfere
with someone’s work, memory, and learning processes that
depend on the hippocampus.

Sleepiness also impairs affect and emotional recognition
because of decreased metabolic activity in the corticolimbic
pathway. A decrease in metabolic activity in the prefrontal
brain area with reduced inhibitory input to the limbic
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Predisposing factors that contribute to
sleeping problem in the workplace:
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Figure 2. The proposed framework of relations among sleepiness, its manifestations, and its antecedents.!?-27:27:30.3536:49-53

system likely contributes to increased emotional activation
of the amygdala and declines in sleep.”® Therefore, drowsy
people will lose the capability of work, memory, and learning
processes that depend on the hippocampus. People with sleep
deprivation are more easily distracted by negative emotional
stimuli and more likely to choose based on emotional

feelings.”® These effects have been linked to a decrease
in connectivity between the amygdala and the prefrontal
cortex and reduced inhibitory input to the amygdala.*

In the mental health aspect as an integral part of work, it
is also seen that both sleep quantity and quality disturbances
significantly correlated to depression, fatigue, and general
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stress. ‘The association value was more significant in sleep
quality compared to quantity.®*

Occupational Impacts

It is known that sleepiness caused by sleep deprivation
in workers potentially affects their work, primarily
through physiological changes that manifested into
information processing and affective disorders. Affective
and cognitive function is often used as task performance
predictors.®? Evidences in Table 2 shows that sleep quality
or sleep quantity deprivation was associated with work
performance dimensions, comprising task performance,
contextual performance (including mental health issues),
counterproductive work behavior, and work-related safety
issues.® Task performance is the core job responsibility of
an employee, which refers to the effectiveness with which
job incumbents contribute to the organization's technical,
service process, and production of goods.”” Contextual
performance is defined as the contextual work behavior that
supports the work environment,® it includes emotional,
communication, and mental health issues of the worker in
the workplace.*” The definition of counterproductive work
behavior refers to behavior that is harmful to the well-being
of the institution or work organization.®® After the three
dimensions, we add another dimension which is work-related
safety, including patient or health worker safety, because
it should be recognized as an essential dimension of work
performance in healthcare setting.”

'The impact of sleep deprivation or poor sleep quality on
work performance is various. The appraised SR shows that the
effects of poor sleep quality are associated with absenteeism,
poor work productivity (efficiency and competency), slowed
career progression, and low job satisfaction.”® The same SR
states that most reviewed studies showed an increased risk
of a severe or non-serious workplace accident.? In addition,
another research showed that sleep deprivation is associated
with car accidents, work-related injury, work injury, fatigue,
related error, near-miss incidents, and other serious errors.?*

Recommendations for Patient

In response to the negative impact of sleep deprivation to
work performance because of night shift work, we encourage
our patients and other health workers to adjust shifts
properly. Hospital management should reevaluate the issue of
tiredness in the workplace. Employees should ensure sound
sleep quality by keeping the practice of sleep hygiene. Other
recommendations include appropriate scheduling, adequate
staff recruitment, better organization of staff, education
and health promotion about sleep deprivation, and better
consideration of sleep deprivation as contributing factors
to medical errors. Medical staff also can be suggested to use
breaks while working for naps and consume the appropriate
amount of caffeine to be alert while on duty.**® However,
caffeine should be taken in moderation. It is allowed to take
low doses of caffeine (maximum dose of 4 mg/kg) admi-

Sleep Deprivation and Healthcare Work Performance

nistered at 12.20 am and 01.20 am, which effectively decreases
sleep tendency on the night shift, improve performance,
and did not disrupt daytime sleep in the morning.**”
Concerning the nurse population, the clockwise shift
rotation (day-evening-night) is preferable to maintain health
rather than counterclockwise rotations. Based on the evidence,
8-hour shifts are preferred over 12-hour shifts.”" The best
arrangement of shift rotation schedule is from the French
system. The rotational schedule should include no more than
3-night shifts in a block with three days of recovery after the
night shift. In one block, a worker will get three mornings,
three evenings, three nights, and three recuperative days off
(e.g., working 8 am to 4 pm for three shifts; then 4 pm to
12 am for three shifts; and 12 am to 8 am for three shifts;
then three consecutive days offs).”*”? Also, it is recommended
to slowly rotate the schedule (e.g., three weeks on each shift
before a change is instituted) for better circadian adaptation.
Meanwhile, the recommendation for a physician who
has a 12-hours shift system are (1) do not make the physician
a becoming 24-hours shift worker in the early phases of
adaptation, (2) delegate the authority to the greatest extent
possible while taking a break to sleep, (3) if the staff is limited
and it is not possible to for the system to become an eight
hour-shift system, a maximum of 10-hour long shifts are
allowed, followed by three recuperative days.”” (4) Night
shift doctor should consider that after working a night shift
in a rotational schedule, adequate recovery time must be
needed, which is at least three days.®” The way to minimize
circadian disruption is by using anchor sleep which means
the overlapping time — at least 4 hours — during the same
timeframe on the workers’ workdays and off days are used to
sleep. For example, if the workers are discharged from night
shift duty, they should sleep from 9 am to 5 pm, then wake
up before sleeping again from 5 am to 1 pm on days off; the
overlapping interval from 9 am to 1 pm is anchor sleep.”*”
In addition, the most relevant recommendation is the
improvement of the physical fitness of workers, along with
consumption of high nutritional food in the workplace to
maintain the health and sleep quality of workers, because
both are positively correlated with productivity and reduce
absenteeism among employees.” Moreover, our patient is
in a condition of obesity, so she should maintain nutritional
intake and exercise regularly to decrease her BMI and
indirectly improve her work performance and well-being.

CONCLUSION

In conclusion, night shift and sleep deprivation
correlate work performance, mental health, productivity, and
psychomotor and cognitive ability among healthcare workers.
In addition, sleep deprivation is associated with accidents,
injuries, fatigue, and other work-related errors. Therefore, our
patients should be aware of their shift schedules and practice
a healthy lifestyle to maintain productivity. In terms of
limitations, the difficulties in making this EBCR are the lack
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of studies that provide outcome measurement in the form of
odds ratio, relative risk, or hazard ratio, and most of the studies
only stated p-value between working in the night shift to
work performance, which leads to complications in assessing
the magnitude of the causal effect. Also, we cannot evaluate
potential confounding factors in the relationship between
night shift, sleep deprivation, and work performance. In
addition, there is a difference in the operational definition of
work performance and sleep adequacy in each study, making
it difficult to get a firm conclusion. In addition, we mainly
found literature with a medium level of evidence (level III-
IV) in most of our studies because most studies are obser-
vational studies in the lower level of the pyramid of evidence
compared to clinical trials. Further studies, especially on the
population directly impacted by night shifts, are necessary
for other discussions on this topic.
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APPENDIX

Appendix A. The detailed summary of findings referring to Table 2

Authors LoE Relevant studies Study design Population S-[(: ttJ?elé)tfs, Source of data N(';i?:f Outcomes of Studies: Effect of Sleep Deprivation towards Work Performance
Whelehan DF  3A 33 studies SR of PC, RCT, CC, Surgeons 880 Validated simulated Proportion o Sleep deprivation created worse technical proficiency among surgeons (described in 16 studies), although two studies mentioned positive
etal.” (17 studies have RC, CS, and MA (undergraduate, assessment tools to of changes in impact, and 15 revealed no effect.
good quality, intern, resident, measure the varying performance o Sleep deprivation caused an 11.9-32% decrement in performance, not statistically significant—lack of evidence about the influence of
16 studies still and attending) level of skill proficiency (%) and p-value experience, sleep type, and duration on technical proficiency.
unclear) among surgeons
Di Muzio M 3A  8of 19 included SR of CS prospective Nurses 29,297 Surveys; validated OR and p-value The impact of sleeplessness on the night shift are:
etal. (a) 2 studies study, descriptive study, questionnaire; shift e Increased risk of accidents and medication error (described in five included studies):
web-based survey, and reports; BFI; and PSQI. e The 12.5-hour shifts (day and night) have OR ~ 2 of accidents and medication errors compared to 8.5-hour shifts, increasing patients’ deaths
longitudinal study by 300%.
e Error rates among night shift nurses: 2% in 8.5 h shift, and 4% in 12.5 h shifts.
e About 56% of night-shift nurses report sleep deprivation; 75% of those have <4.7 hours of sleep and emerges more prone to treatment errors.
e Impaired communication skills (mentioned in one study): Nurses who work 12-hour shifts (day and night) often have more difficulty
communicating with patients and poor teamwork quality.
e Disturbed sleep and resulting fatigue (stated in two studies): Night shift nurses got more significant tiredness and worse sleep quality than
those doing day shift. In addition, it negatively correlates to physical, psychological, and social health.
e Impaired cognition (showed in one study): Lack of sleep resulted in fatigue and cognitive dysfunction, potentially affecting patient and
occupational safety.
Gates M 3A 47 studies (for SR) SR-MA partially of CS  Physicians (doctors 36,190 MBI; Pines BM; OR, MD, and Impact of fatigue, insufficient sleep, and overnight-related work to:
et al.®? 6 studies (for MA); (72%), before-after of all specialties) SMBM; PSQI; Stress p-value e Aspect of health and well-being (described in 28 studies), sleep deprivation:

62% study was a study, PC, RC, RCT,
high risk of bias time series, and non-
comparative studies,

parameters; GHQ-12;
WRSQ; Jenkins Scale;
VAS; AUDIT; QIDS;
4,5,7-point Likert Scale;
ESS; Laparoscopic
Simulation (LapSimGyn);
HVLT; Battery; Test
Reaction 5; and WAI

e Increased burnout (OR 0.84; 95%Cl: 0.75-0.94; p = 0.002), and more prevalent among the sleep-deprived compared to normal sleep
(47.6% vs 16.3%, p<0.001). Burnt-out physicians due to sleep-deprived had poorer PSQI scores (p<0.001), lower 5-point scale (p<0.05), and
correlated with fatigue due to SMBM, p<0.05).

e Was associated with work-related stress based on GHQ-12 p<0.0001, WRSQ p<0.001, VAS p<0.05, and increased biochemical, physiological
stress parameters post-shift (p<0.05).

e Increased odds of tobacco, (OR 1.42; 95%Cl: 1.04-1.94), and tranquilizer use (OR 3.26; 95%Cl: 2.12-5.02); increased thoughts of suicide
(p=0.009); increase of mood disturbances (p<0.001); increased of depression (OR 2.70; 95%Cl: 1.82-4.03 for men and OR 2.38; 2.38;

95% Cl 1.11-5.10 for women) than to day shift.

e Predicted the intention to retire early or not satisfied in the job (OR 2.91; 95% Cl: 1.11-7.6, p<0.05); became a predictor of reduced life
satisfaction (OR 0.44; 95% Cl: 0.20-0.67, p<0.05); sleep deprivation was correlated to the lower marital satisfaction (p<0.001); and reduced
perception having personal and professional life balanced (OR 0.46; 95% Cl: 0.31-0.71, p<0.05).

e Sleep deprivation increased odds of sickness presenteeism (OR 2.92; 95%Cl: 1.19-7.16, p<0.05).

e Aspect of performance and risk of errors (explained in 21 studies), sleep deprivation:

e In MA of six studies: showed no difference in operating time (refer to efficiency) between sleep-deprived and non-sleep-deprived surgeons
(MD -0.14; 95% Cl: -1.60 to 1.33, I>= 0%; p=0.70).

e Did not influence laparoscopic simulation skill; but disrupted performance on a virtual ring transfer task (p<0.05), made longer reaction
times (690.8+73.4 vs. 746.5+113.7 ms), and reduced concentration ability (26.4+23.5 vs. 56.3+23.0, p= 0.007) among surgeon, following
by reduced HVLT among anesthesiologists, and decreased battery test reaction for PVT among sleep emergency physicians after
sleep deprivation.

o Impaired workability among physicians (p<0.001), and fatigue was a predictor for perceived quality of care (p<0.05).

e Was related to medical errors among surgeons, anesthesiologists, and a mixed group of physicians (RR 1.25; 95% Cl: 1.06-1.49);
high association between fatigue and prescribing error (p<0.05).

o Aspect of patient outcomes and safety (Included in six cohorts), sleep deprivation:

o In MA of five studies: showed no difference in postoperative complications rate among sleep-deprived surgeons and obstetrician-
gynecologists than non-sleep deprived (RR 0.99; 95%Cl: 0.95-1.03, 1?=0%, p=0.45).

e In MA, four studies showed that patient mortality is not correlated with sleep deprivation among surgeons and obstetrician-gynecologists
(RR 0.98; 95%Cl 0.84-1.15, 1’=0%, p=0.87).

Litwiller B 3A 152 studies SR-MA of
et al.*¢ observational studies

General population
(including health
workers)

28,555 Qualitative assessment Significance
tools and meta- values
analysis of correlations
for the result

Sleep quality and quantity were correlated.

Deprivation of sleep quality and quantity were negatively correlated with:
e State negative affect

e Turnover cognition

e Job satisfaction

Task performance

Contextual performance

Safety performance
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Appendix A. The detailed summary of findings referring to Table 2 (continued)

Authors

LoE

Relevant studies

Study design

Population

Total of

Source of data

Measure

Sleep Deprivation and Healthcare Work Performance

Subjects

of risk

Outcomes of Studies: Effect of Sleep Deprivation towards Work Performance

Kucharczyk 3A 2 of 6 included SRof1CCand 1 CS General worker 7,968 Survey The odds of an Sleep quality disturbances significantly lowered job satisfaction (all studies have p<0.01).
ER et al.?® studies and healthcare impact (p-value)
professional
5 of 11 included SR of 2 CCand 3 CS General worker 36,229 Survey (postal or The odds of an Sleep quality disruption significantly decreased workplace productivity (all studies have p<0.01).
studies and healthcare internet-based) impact (p-value)
professional and interview
6 of 16 included SR of 2 historical cohort General worker 48,907 Survey The odds of an Sleep quality deprivation significantly increased work disability (two studies have p<0.001) and desire to change career and more likely will
studies studies and 1 CC and physician impact (p-value) slow career progression (one study has p<0.01).
6 of 16 included SR of 4 CS, General worker 37,936 Survey (postal or The odds of an Having trouble sleeping significantly enhanced absenteeism's odds (three studies have p<0.05, and the other three have p<0.01).
studies 1 longitudinal study, and healthcare internet-based) impact (p-value)
and 1 cohort study professional and interview
5 of 11 included SR of 3CS, General worker 170,155 Survey (postal or The odds of an Disturbed sleep quality and insomnia significantly elevated the odds of work accidents (all studies have p<0.05).
studies longitudinal study, and and healthcare internet-based) impact (p-value)
1 prospective study professional and interview
Wagstaff AS 3A  3ofl14included SR-MA partially of CC, Female nurse, blood 26,552 Self-reported by IHR, OR, and RR Sleep-deprived healthcare professional was more likely to developing work work-related injuries with OR 1.88; 95% Cl: 0.88-4.02, RR 1.38;
et al.* studies CS, RS, CT, FT, PC, RC donor workers, questionnaires 95% Cl: 0.93-2.00, and IHR 1.30; 95% Cl: 1.12-1.52)
other health- and national
related workers longitudinal survey
Di Muzio M 2C N/A Cross-sectional study Nurses 86 Interview; PSQI; TSS to  The significance e Tiredness was more significant after the night shift than the morning and afternoon shifts (p<0.001).
et al. (b) % assess tiredness; of an impact e Sleepiness was higher in the night shift than morning and afternoon shifts (p<0.001).
PVT to assess attention; (p-value) e Response times were higher in the night shift than the morning and afternoon shifts (p<0.001).
KSS to assess level e Lapses in the night shift were greater than the afternoon shift (p<0.05), but differences in the lapses between night shift vs. morning shift
of sleepiness were not significant (p=0.46).
ChoSSetal?> 2C N/A Cross-sectional study General workers 4,146 Web-based HRPL Fixed night work significantly reduced 7.7% of productivity (95% CI: 1.8-13.7).
Questionnaire
Costa C 2C N/A Cross-sectional study  Residents (medical, 80 ESS; PSQIl; MMSE; The significance o Within the sleep-deprived subjects, no daytime sleepiness, sleep disorders, intellectual efficiency changes, and cognitive impairment
et al? surgical, services, and POMS of an impact were found
and anesthesia) (p-value) e Mood states analysis resulted in a borderline level of anger-hostility values and fatigue inertia (T-Score 50) in medical and services area
residents (p<0.0001)
e Vigour-activity was increased in all residents.
Behrens T 2C N/A Cross-sectional study Female health 74 Interview and three  Beta distribution e Reaction times were increased at the end of the night shift (B = 7.64; 95% Cl: 0.94-14.35)
et al.®° workers (67 minute PVT (PVT-B) (Beta-logistic e The number of lapses was higher in the night shift compared to the day shift (exp(B)=1.55; 95% Cl: 1.16-2.08)
nurses, 7 medical models) e A combined index of response speed and accuracy was reduced after night shifts (3 = -15.52; 95% Cl -27.49-(-3.46))
lab assistants)
Ganesan S 2C N/A Cross-sectional study 11 Doctors 52 Questionnaire; p-value o Sleep was most restricted between consecutive night shifts (5.74 + 1.30 h) (p<0.001).
et al? and 39 Nurses actigraphs; sleep diaries; e Compared to day shift (05:32 + 00:40 h), the final night shift participants woke significantly later (16:06 + 01:32 h, t(63) = -36.07, p<0.001)

KSS; JDS; PVT; and
self-report questions
assessing the level of

concentration task

difficulty and motivation

prior to the first night shift participants (08:23 + 01:41 h, t(60) = -8.91, p<0.001).

e PVT mean reaction times were higher at the end of the first and subsequent night shift than the day shift, increasing 10% mean of response
time and the number of lapses (p<0.001).

o Sleepiness by KSS ratings was highest at the end of the first night (p<0.01), and higher drowsiness by JDS scores was found at the middle
and end of shifts.

Abbreviation: 95% CI (95% Confidence Interval); AUDIT (Alcohol Use Disorder Identification Test); BFI (Brief Fatigue Inventory); BM (Burnout Measure);
CC (Case Control Study); CS (Cross Sectional Study); CT (Clinical Trial); ESS (Epworth Sleepiness Scale); FT (Field Trials); GHQ-12 (General Health
Questionnaire-12); HRPL (Health-Related Productivity Loss), HVLT (Hopkin’s Verbal Learning Test); IHR (Injury Hazard Ratio); JDS (John Drowsiness
Scale); KSS (Karolinska Sleepiness Scale); LoE (Level of Evidence); MA (Meta-Analysis), MBI (Maslach Burnout Inventory); MD (Mean Difference);
MMSE (Mini Mental State examination); N/A (Not Applicable); OR (Odd ratios); PC (Prospective Cohort Study); POMS (Profile of Mood States);
PSQI (Pittsburgh Sleep Quality Index); PVT (Psychomotor Vigilance Task); QIDS (Quick Inventory of Depressive Symptomatology); RC (Retrospective
Cohort Study); RCT (Randomized Clinical Trial); RR (Relative Risk or Risk Ratio); RS (Registry-Based Study); SD (Standard Deviation); SMBM (Shirom-
Melamed Burnout Measure); SR (Systematic Review); TSS (Tiredness Symptoms Scale); VAS (Visual Analog Scale); WAI (Work Ability Index); and
WRSQ (Work-Related Stress Questionnaire).
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