
Journal of

Clinical Medicine

Article

Not only a Problem of Fatigue and Sleepiness:
Changes in Psychomotor Performance in Italian
Nurses across 8-h Rapidly Rotating Shifts

Marco Di Muzio 1 , Flaminia Reda 2, Giulia Diella 1, Emanuele Di Simone 3 , Luana Novelli 2,
Aurora D’Atri 2, Annamaria Giannini 2 and Luigi De Gennaro 2,*

1 Department of Clinical and Molecular Medicine, St. Andrea Hospital, University of Rome “Sapienza”,
I-00118 Rome, Italy; marco.dimuzio@uniroma1.it (M.D.M.); giulia.die@gmail.com (G.D.)

2 Department of Psychology, University of Rome “Sapienza”, I-00185 Rome, Italy;
flaminia.reda@uniroma1.it (F.R.); luananovelli@yahoo.it (L.N.); aurora.datri@uniroma1.it (A.D.);
Annamaria.Giannini@uniroma1.it (A.G.)

3 Department of Biomedicine and Prevention, University of Rome Tor Vergata, I-00133 Rome, Italy;
emanuele.disimone@uniroma1.it

* Correspondence: luigi.degennaro@uniroma1.it

Received: 13 December 2018; Accepted: 29 December 2018; Published: 5 January 2019
����������
�������

Abstract: Although many studies have detailed the consequences of shift work in nurses concerning
health, fatigue, sleepiness, or medical errors, no study has been carried out trying to disentangle
the contribution of sleepiness and fatigue associated to shift work from the attentional performance.
The aim of this pilot study is (A) to investigate the effects of an 8-h rapidly rotating shift on fatigue
and sleepiness among staff nurses and (B) how these factors affect their psychomotor performance.
Fourteen nurses were selected for a within-subject cross-sectional study according to this sequence
of shifts: morning–afternoon–night, which were compared as function of tiredness, sleepiness,
and performance at the Psychomotor Vigilance Task (PVT). Subsequently, a within-subject Analysis
of Covariance (ANCOVA) evaluated if the observed differences between shifts persist when the
contribution of sleepiness is controlled. Our results clearly indicate that night shifts are associated with
significant greater sleepiness and tiredness, and worsened performance at the PVT. As hypothesized,
ANCOVA showed that these differences disappear when the contribution of sleepiness is controlled.
Results point to a lower psychomotor performance in night compared to day shifts that depends on
sleepiness. Hence, interventions to minimize the consequences of the night shift should consider a
reduction of sleepiness.
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1. Introduction

The night shift, with its overnight duty hours, is a prominent feature of health care providers
and a necessary part of a 24-h healthcare institution [1,2]. During clinical cares, time pressure and
increasing fatigue have additive negative effects, such as in reducing alertness [3] and enhancing the
risk for errors in clinical judgment [4], in administration of medications, in decision-making, and new
or unfamiliar professional maneuvers that require complex cognitive skills [5–7].

Sleep of shift workers is intrinsically associated with a circadian desynchronization disturbed and
frequently interrupted to the point that they complain of a reduced amount of sleep in the arc of a
month. In fact, ~92% of nurses working on shifts, even at night, report an average of four hours per
night of restful sleep within a month [8].
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Prolonged work shifts, or night shifts, can therefore lead to a poor quantity/quality of sleep.
In fact, homeostatic (i.e., accumulated time awake) and circadian factors negatively affect night
shift work, producing a level of fatigue progressively increasing across the duty period [9]. Medication
errors and, more in general, performances are mainly compromised by the altered sleep–wake
rhythm. In nursing students, this issue leads to a reduction in academic achievement, learning,
and behavioral performance [10]. Tiredness, as a consequence of insufficient or poor sleep quality
over a prolonged period, can lead to difficulty in attention and concentration, reduced motivation,
irritability, misperception, memory lapses, decreased reaction times, loss of empathy, and errors
of judgment. In fact, a considerable amount of studies has confirmed that loss of sleep negatively
affects cognitive performance, resulting in slower reaction times and poverty in decision-making
processes [11–13]. Therefore, the decline of performance appears as a relevant issue in night shifts.
A study in Italian medical specialists showed also a deterioration of performance in executive functions
and concentration-related procedures during the night shifts [14].

The use of the Psychomotor Vigilance Task (PVT), which is considered the most widespread
and reliable method for assessing behavioral consequences of sleep deprivation and of excessive
sleepiness [15], has recently shown that nurses working with a 12-h shift schedule have greater
behavioral deterioration and increased sleepiness during their night shift, and this worsening was
accentuated by the end of a 12-h shift [16]. However, other studies have not found differences between
12-h shifts using the PVT, with a dissociation with subjective measures actually showing the expected
differences [17]. To the best of our knowledge, a similar investigation has never been carried out in
Italian healthcare, which mainly uses 8-h rapidly rotating shifts. Similarly, attempts to disentangle
possible different effects of tiredness and sleepiness have been rarely performed.

The aim of our pilot study will be to assess the levels of psychomotor vigilance fatigue and
sleepiness across nursing 8-h rapidly rotating work shifts, in order to highlight a potential level of
risk associated with a specific work shift. This evaluation will be performed using a within-subject
design. Since tiredness and sleepiness may covary with performance at the PVT, we also evaluated
if differences in the attentional performance will be still present when partialling the contribution of
correlated variables. According to our hypothesis, the differences between different shifts will be not
present when the contribution of sleepiness has been taken into account.

2. Experimental Section

2.1. Subjects

Sixteen nurses (12 females and 4 men) participated in the study, but the final sample consisted
of 14 subjects, due to the lacking measures for two participants (i.e., they did not fulfill the condition
of three consecutive shifts). Fourteen nurses (10 females and 4 men) between ages of 26 and 47 years
(mean age = 36.78, s.d. = 8.90) working with an 8-h rapidly rotating shift in the Emergency Department
at Policlinico Umberto I of Rome were selected according to the following criteria.

- Absence of medical conditions and chronic diseases as assessed by a clinical interview;
- all the participants have to ensure the performance of shift work with the following sequence:

morning (M)—afternoon (A)—night (N). Change of shifts was not allowed for the three days
under investigation;

- napping was not allowed during the night shift;
- all trainees were excluded from the study.

Each participant took part in the project anonymously, in order to guarantee maximum
confidentiality on the data collected and signed an informed consent, where the modalities and aims
of the protocol were approved by the Ethical Committee of Sapienza University of Rome (# 343/17 on
26 April 2017).
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2.2. Measures

The Pittsburgh Sleep Quality Index (PQSI) is a self-assessment questionnaire consisting of nine
items and provides a reliable, valid, and standardized sleep quality measurement. The PQSI evaluates
sleep habits during a period relative to the month before the one of the evaluation. The scale consists of
19 items divided into seven subscales that evaluate the subjective quality of sleep, sleep latency, sleep
duration, habitual sleep efficiency, sleep disorders, the use of hypnotic drugs, and disorders during
the day. The items are all evaluated on a 0–3 point Likert scale, and in all cases, a score of “0” indicates
the absence of difficulty while a score of “3” indicates the presence of serious difficulty. The sum of the
scores of the seven components gives the overall score, which has a range between 0 and 21, with “0”
indicating the absence of difficulty and “21” serious difficulties in all areas. Scores above five are
indicative of the presence of poor sleep quality. We used an Italian validation of this test [18].

The Karolinska Sleepiness Scale (KSS) (Italian adaptation [19]) is a 9-item self-assessment
questionnaire and measures the level of sleepiness. Level 1 indicates a state of maximum alertness and
level 9 of maximum sleepiness. The subject must indicate the level that best reflects the psychophysical
state in the 5 min before the administration of the scale. The KSS score decreases during periods of
sustained vigilance, and it is strongly correlated with the time of day.

The Tiredness Symptoms Scale (TSS) (Italian adaptation [20]) is a self-assessment questionnaire,
a checklist of 14 physical and emotional symptoms that the patient can experience at the time of
evaluation. The questionnaire assesses the physical and emotional symptoms of fatigue at the time of
evaluation. Subjects indicated if they had = yes or did not have the symptoms indicated in the list,
so the score is obtained by summing the positive responses related to the symptoms. Yes = 1, No = 0.

The Psychomotor Vigilance Task (PVT) is considered a very reliable method for assessing the
consequences of sleep deprivation [15]. During the PVT, subjects are placed in front of a computer
screen for 5 min, with the task of clicking the left mouse button every time a number appears at irregular
intervals. Even a half-second of delay in response may be evidence of lack of sleep, also known as
microsleep. In particular, the PVT was set with a random interstimulus interval, not exceeding 100 s.

2.3. Procedures

All the participants in the study received the Pittsburgh Sleep Quality Index (PSQI; Italian
adaptation [18]), in order to identify the possible presence of sleep disorders. Specifically, the quality,
duration, and efficiency of sleep and the impact of somnolence on daytime efficacy were assessed.

Each participant was interviewed at the end of each work shift: morning (7:00–13:30), afternoon
(13:30–20:00), and night (20:00–6:30). Their rapidly rotating shift was as follows, day A: Morning,
day B: Afternoon, day C: Night, day D: discount, and Day E: Rest. That said, all nurses took part in
the project at the end of the shift and for three consecutive days, starting from day A and up to day C.
Each subject has been invited to participate in the study at the end of the work shift, for a maximum
duration of 15 min. To keep the experiment as controlled as possible, during the sessions the nurses
were interviewed and tested in a room without noise and away from any environmental distraction.
They were asked to switch off the mobile phones throughout the test, and no entry was allowed to
anyone except the experimenter.

KSS, TSS, and PVT were administered in a fixed order. The identical procedural sequence was
repeated at the end of each of the three shifts investigated.

2.4. Data Analysis

The following dependent variables were considered; TSS and KSS scores and medians of PVT
reaction times. These measures were submitted to a repeated measure Analysis of Variance (ANOVA)
comparing the three shifts (M vs. A vs. N), and t-tests were used for the post-hoc comparisons between
the three means. Planned comparisons further compared daytime shifts (morning and afternoon) vs.
night shift. The intercorrelations between the dependent variables were assessed by Pearson’s correlations.
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Finally, an Analysis of Covariance (ANCOVA) compared the three shifts, considering sleepiness or
tiredness as covariates if significant correlations will be found between PVT and KSS or TSS, respectively.

3. Results

Our sample of nurses reports a quite poor sleep quality as expressed by the PSQI scores (X = 6.36,
s.d. = 2.24), and 64.29% of them scored >5 at this test (i.e., the cut-off for PSQI scores).

Figure 1 shows the means and standard deviations of the dependent variables considered in
the study. The ANOVA on TSS scores was significant (F2,26 = 9.76; p = 0.001; Figure 1A). Both M
and A shifts were significantly different from N shift (t13 = 4.40; p = 0.0007 and t13 = 3.01; p = 0.01,
respectively), while M vs. A was not significantly different (t13 = 0.48; p = 0.64). Not surprisingly,
the orthogonal planned comparison confirms that diurnal (M and P) TSS scores were lower than those
at N shift (Figure 1).
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Figure 1. Means and standard deviations of the dependent variables measures in the sample of Italian
nurses collected across different rapidly rotating shifts (morning, afternoon, and night). Panel A =
scores at the Tiredness Symptoms Scale (TSS), panel B = scores at the Karolinska Sleepiness Scale (KSS),
and panel C = medians of Reaction Times (RT) at the Psychomotor Vigilance Task (PVT).
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In the same vein, the ANOVA on the KSS scores was significant (F2,26 = 8.34; p = 0.002; Figure 1B).
Again, M and A shifts were both significantly different from N shift (t13 = 3.73; p = 0.002 and t13 = 2.97;
p = 0.01, respectively), while M vs. A was not significantly different (t13 = 1.07; p = 0.31). Hence, also the
orthogonal planned comparison confirms that diurnal KSS scores than those at N shift (F1,13 = 14.61;
p = 0.002).

As expected, the ANOVA comparison on the medians of RTs at the PVT was significant
(F2,26 = 3.63; p = 0.04). Both M and A shifts were significantly different from N shift (t13 = 2.06;
p = 0.05 and t13 = 2.31; p = 0.04, respectively), while M vs. A was not significantly different (t13 = 1.00;
p = 0.33). There was also a significant difference when day and N shifts (F1,13 = 5.28; p = 0.04).

Although the significant changes across shifts have the same general pattern of differences,
only KSS and PVT were significantly correlated in the A shift and showed a statistical tendency in the
N shift (rM = 0.14 (p = 0.61); rA = 0.77 (p = 0.001); rN = 0.44 (p = 011)). The intercorrelations between
TSS and PVT and between TSS and KSS were never significant.

According to our hypothesis, the ANCOVA on PVT medians and considering KSS as a covariate
was not more significant (F2,24 = 1.31; p = 0.29), while the KSS covariate was significant (Wilk’s Lambda
= 0.069, Rao R9,19 = 4.37; p = 0.003).

4. Discussion

To the best of our knowledge, this is the first study investigating the behavioral consequences
of 8-h rapidly rotating shifts with the use of the PVT. Our data confirm an increased sleepiness and
a greater sense of fatigue at the end of the night shift compared to daytime shifts (i.e., morning and
afternoon shifts). More importantly, performance at the PVT also is deteriorated during the night
compared to day shifts. This deterioration implies lower sustained-attention and speed with which
subjects respond to a visual stimulus. Subjective sleepiness but not tiredness was linearly correlated
to the performance at the PVT. When this contribution of sleepiness to psychomotor performance
is removed by an ANCOVA design, the three shifts were not significantly different. These findings
point to sleepiness as a major candidate to explain the less efficient performance during the night shift.
Furthermore, our nurses also report poor sleep quality as expressed by the PSQI scores.

Nurses working at night (i.e., fixed night shift) and nurses working in rotation shifts not only
have difficulty staying awake during work but also tend to perform more medical errors [7,21–23]
compared to those working in day shifts [8,17]. Furthermore, the probability of attentional lapses
during the shift or educational activities can also be attributed to the number of excessive duration of
shifts [24]. The most original contribution of the current pilot study is however represented by the
finding that the statistical differences between shifts disappear when the contribution of sleepiness
is partialized, while this does not seem true for tiredness. In other words, it suggests that a relevant
role in the behavioral worsening during night shifts may depend on sleepiness more than tiredness.
However, our findings are limited to an Emergency Department, and the possibility of significant
differences with other workplaces in acute care cannot be disregarded. Although we do not find
empirical studies on this specific issue, the question of the generalization to other acute care units
is worthy of being investigated, also because the strategy of using planned naps [14,25] to improve
alertness and performance cannot be implemented in all workplaces.

One limit of our pilot study is represented by the lack of a direct and objective measure of sleep in
the days before the evaluated shifts, and by the fact that the small sample size precluded an acceptable
measurement of medical errors. Although underrecognized, medical errors have a significant impact
on society in broad terms, since it has been estimated that they are the third biggest cause of death in
the US [26].

Among the many unanswered questions in shift design in healthcare that deserve empirical and
applicative attention, there is the direction of the rotational patterns. Although some support for
the use of forward rotating shift systems in preference to backward rotating shift systems has been
reported, at last as far as 8-h shifts [27], a definite conclusion still lacks. For this reason, we will directly
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assess this difference in a future study with a larger sample of Italian nurses. Another critical issue is
the type of rotation (i.e., the rapidly rotating shift). Although this is the most used schedule in Italian
healthcare, it is possible that it magnifies sleepiness. A future study should assess the behavioral
and attentional consequences of different types of rotation, by comparing rapidly vs. slowly shifts.
In fact, a common complaint of shift workers is that their schedule changes too often, precluding
to their sleep schedule to adjust after each phase advance [28]. Finally, it should be considered the
possibility that different work environments of the units may affect the extent of sleepiness and
potential medical errors. This possibility could be empirically assessed by a comparison of samples
working in different units.

Concerning developing adequate countermeasures, an Italian study in medical specialists showed
how the improvement in executive functions and concentration-related procedures could be achieved
by taking a nap during the night shift [14]. However, this strategy seems privileged when longer
than 8-h shifts are considered. In our opinion, the core issue is represented by continuous monitoring
of sleep–wake schedules in nurses and, in general, in medical personnel. Actigraphy [29] and some
innovative sleep apps [30] may be considered as a useful tool for estimating sleep measures and
trigger appropriate countermeasures when a sleep disorder or an altered sleep–wake schedule is
suspected. Not alternatively, healthcare should consider the possibility to introduce a behavioral
measure for monitoring sleepiness during night shifts. Finally, we think that the most crucial change
in nursing practice should consider effective treatments for reducing sleepiness associated with night
shifts. For this reason, we plan to introduce an exposition to bright light [31] at the start of the night
shift. According to our hypothesis, this strategy should significantly reduce sleepiness at the levels of
morning and afternoon shifts.

Author Contributions: Substantial contributions to the conception and design of the work: M.D.M., A.G.,
and L.D.G.; Acquisition and analysis of data: A.D., C.B., L.N., G.D., E.D.S.; Interpretation of data: M.D.M., A.G.,
L.D.G., C.B., and L.N.; Drafting the work and revising it critically for important intellectual content: M.D.M.,
A.G., L.D.G., C.B., and L.N.; Final approval of the version to be published: M.D.M., C.B., A.G., L.D.G., L.N., G.D.,
E.D.S., and A.D.; Agreement to be accountable for all aspects of the work in ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately investigated and resolved: M.D.M., A.G., L.D.G.,
C.B., L.N., G.D., E.D.S., and A.D.

Funding: This work was partly supported by the University of Rome Sapienza “Progetti di Ricerca medi” [grant
number RM116154BEFFAFEF].

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Kramer, M. Sleep loss in resident physicians: The cause of medical errors? Front. Neurol. 2010, 128, 1–10.
[CrossRef]

2. Philibert, I. Sleep loss and performance in residents and non-physicians: A meta-analytic examination. Sleep
2005, 28, 1392–1402. [CrossRef] [PubMed]

3. Singh, R.; Undevia, N.S.; Schuman, C.; Attarian, H. Excessive daytime sleepiness among attending physicians:
A pilot survey study at an academic institution. Sleep Med. 2011, 12, 808–810. [CrossRef] [PubMed]

4. Di Muzio, M.; De Vito, C.; Tartaglini, D.; Villari, P. Knowledge, behaviours, training and attitudes of
nurses during preparation and administration of intravenous medications in intensive care units (ICU).
A multicenter Italian study. Appl. Nurs. Res. 2017, 38, 129–133. [CrossRef] [PubMed]

5. Barger, L.K.; Ayas, N.T.; Cade, B.E.; Cronin, J.W.; Rosner, B.; Speizer, F.E.; Czeisler, C.A. Impact of
extended-duration shifts on medical errors, adverse events, and attentional failures. PLoS Med. 2006,
3, e487. [CrossRef] [PubMed]

6. Landrigan, C.P.; Rothschild, J.M.; Cronin, J.W.; Kaushal, R.; Burdick, E.; Katz, J.T.; Lilly, C.M.; Stone, P.H.;
Lockley, S.W.; Bates, D.W.; et al. Effect of reducing interns’ work hours on serious medical errors in intensive
care units. N. Eng. J. Med. 2004, 351, 1838–1848. [CrossRef] [PubMed]

7. West, C.P.; Tan, A.D.; Habermann, T.M.; Sloan, J.A.; Shanafelt, T.D. Association of resident fatigue and
distress with perceived medical errors. JAMA 2009, 302, 1294–1300. [CrossRef]

http://dx.doi.org/10.3389/fneur.2010.00128
http://dx.doi.org/10.1093/sleep/28.11.1392
http://www.ncbi.nlm.nih.gov/pubmed/16335329
http://dx.doi.org/10.1016/j.sleep.2011.04.003
http://www.ncbi.nlm.nih.gov/pubmed/21664181
http://dx.doi.org/10.1016/j.apnr.2017.10.002
http://www.ncbi.nlm.nih.gov/pubmed/29241505
http://dx.doi.org/10.1371/journal.pmed.0030487
http://www.ncbi.nlm.nih.gov/pubmed/17194188
http://dx.doi.org/10.1056/NEJMoa041406
http://www.ncbi.nlm.nih.gov/pubmed/15509817
http://dx.doi.org/10.1001/jama.2009.1389


J. Clin. Med. 2019, 8, 47 7 of 8

8. Gold, D.R.; Rogacz, S.; Bock, N.; Tosteson, T.D.; Baum, T.M.; Speizer, F.E.; Czeisler, C.A. Rotating shift
work, sleep, and accidents related to sleepiness in hospital nurses. Am. J. Public Health 1992, 82, 1011–1014.
[CrossRef]

9. Van Dongen, H.P.; Dinges, D.F. Sleep, circadian rhythms, and psychomotor vigilance. Clin. Sports Med. 2005,
24, 237–249. [CrossRef]

10. Curcio, G.; Ferrara, M.; De Gennaro, L. Sleep loss, learning capacity and academic performance.
Sleep Med. Rev. 2006, 10, 323–337. [CrossRef]

11. Couyoumdjian, A.; Sdoia, S.; Tempesta, D.; Curcio, G.; Rastellini, E.; De Gennaro, L.; Ferrara, M. The effects
of sleep and sleep deprivation on task-switching performance. J. Sleep Res. 2010, 19 (1 Pt 1), 64–70. [CrossRef]

12. Sagaspe, P.; Sanchez-Ortuno, M.; Charles, A.; Taillard, J.; Valtat, C.; Bioulac, B.; Philip, P. Effects of
sleep deprivation on color-word, emotional, and specific stroop interference and on self-reported anxiety.
Brain Cogn. 2006, 60, 76–87. [CrossRef]

13. Scott, L.D.; Arslanian-Engoren, C.; Engoren, M.C. Association of sleep and fatigue with decision regret
among critical care nurses. Am. J. Crit. Care 2014, 23, 13–23. [CrossRef] [PubMed]

14. Tempesta, D.; Cipolli, C.; Desideri, G.; De Gennaro, L.; Ferrara, M. Can taking a nap during a night shift
counteract the impairment of executive skills in residents? Med. Educ. 2013, 47, 1013–1021. [CrossRef]
[PubMed]

15. Dinges, D.F.; Pack, F.; Williams, K.; Gillen, K.A.; Powell, J.W.; Ott, G.E.; Aptowicz, C.; Pack, A.I. Cumulative
sleepiness, mood disturbance, and psychomotor vigilance performance decrements during a week of sleep
restricted to 4–5 hours per night. Sleep 1997, 20, 267–277. [PubMed]

16. Wilson, M.; Permito, R.; English, A.; Albritton, S.; Coogle, C.; Van Dongen, H.P.A. Performance and sleepiness
in nurses working 12-h day shifts or night shifts in a community hospital. Accid. Anal. Prev. 2017. [CrossRef]
[PubMed]

17. Surani, S.; Hesselbacher, S.; Guntupalli, B.; Surani, S.; Subramanian, S. Sleep Quality and Vigilance Differ
Among Inpatient Nurses Based on the Unit Setting and Shift Worked. J. Patient Saf. 2015, 11, 215–220.
[CrossRef]

18. Curcio, G.; Tempesta, D.; Scarlata, S.; Marzano, C.; Moroni, F.; Rossini, P.M.; Ferrara, M.; De Gennaro, L.
Validity of the Italian version of the Pittsburgh Sleep Quality Index (PSQI). Neurol. Sci. 2013, 34, 511–519.
[CrossRef]

19. Turco, M.; Corrias, M.; Chiaromanni, F.; Bano, M.; Salamanca, M.; Caccin, L.; Merkel, C.; Amodio, P.;
Romualdi, C.; De Pittà, C.; et al. The self-morningness/eveningness (Self-ME): An extremely concise and
totally subjective assessment of diurnal preference. Chronobiol. Int. 2015, 32, 1192–1200. [CrossRef]

20. Manni, R.; Palagini, L. Tiredness Symptoms Scale. In Misurare il sonno; Manni, R., Palagini, L., Agnell, T.,
Mazzei, I., Eds.; Minerva Medica: Turin, Italy, 2016; p. 111.

21. Di Muzio, M.; Tartaglini, D.; De Vito, C.; La Torre, G. Validation of a questionnaire for ICU nurses to assess
knowledge, attitudes and behaviours towards medication errors. Ann. Ig. 2016, 28, 113–121.

22. Di Simone, E.; Tartaglini, D.; Fiorini, S.; Petriglieri, S.; Plocco, C.; Di Muzio, M. Medication errors in intensive
care units: nurses’ training needs. Emerg. Nurse 2016, 24, 24–29. [CrossRef] [PubMed]

23. Kang, E.K.; Lihm, H.S.; Kong, E.H. Association of intern and resident burnout with self-reported medical
errors. Korean J. Fam. Med. 2013, 34, 36–42. [CrossRef] [PubMed]

24. Lockley, S.W.; Barger, L.K.; Ayas, N.T.; Rothschild, J.M.; Czeisler, C.A.; Landrigan, C.P. Harvard Work Hours.
Health and Safety Group: Effects of heath care provider work hours and sleep deprivation on safety and
performance. Jt. Comm. J. Qual. Patient Saf. 2007, 33 (11 Suppl), 7–18. [CrossRef]

25. Smith-Coggins, R.; Howard, S.K.; Mac, D.T.; Wang, C.; Kwan, S.; Rosekind, M.R.; Sowb, Y.; Balise, R.; Levis, J.;
Gaba, D.M. Improving alertness and performance in emergency department physicians and nurses: The use
of planned naps. Ann. Emerg. Med. 2006, 48, 596–604. [CrossRef] [PubMed]

26. Makary, M.A.; Daniel, M. Medical error—The third leading cause of death in the US. BMJ 2016, 353.
[CrossRef]

27. Driscoll, T.R.; Grunstein, R.R.; Rogers, N.L. A systematic review of the neurobehavioural and physiological
effects of shiftwork systems. Sleep Med. Rev. 2007, 11, 179–194. [CrossRef] [PubMed]

28. Czeisler, C.A.; Moore-Ede, M.C.; Coleman, R.H. Rotating shift work schedules that disrupt sleep are
improved by applying circadian principles. Science 1982, 217, 460–463. [CrossRef]

http://dx.doi.org/10.2105/AJPH.82.7.1011
http://dx.doi.org/10.1016/j.csm.2004.12.007
http://dx.doi.org/10.1016/j.smrv.2005.11.001
http://dx.doi.org/10.1111/j.1365-2869.2009.00774.x
http://dx.doi.org/10.1016/j.bandc.2005.10.001
http://dx.doi.org/10.4037/ajcc2014191
http://www.ncbi.nlm.nih.gov/pubmed/24382613
http://dx.doi.org/10.1111/medu.12256
http://www.ncbi.nlm.nih.gov/pubmed/24016171
http://www.ncbi.nlm.nih.gov/pubmed/9231952
http://dx.doi.org/10.1016/j.aap.2017.09.023
http://www.ncbi.nlm.nih.gov/pubmed/28987265
http://dx.doi.org/10.1097/PTS.0000000000000089
http://dx.doi.org/10.1007/s10072-012-1085-y
http://dx.doi.org/10.3109/07420528.2015.1078807
http://dx.doi.org/10.7748/en.2016.11577
http://www.ncbi.nlm.nih.gov/pubmed/27384804
http://dx.doi.org/10.4082/kjfm.2013.34.1.36
http://www.ncbi.nlm.nih.gov/pubmed/23372904
http://dx.doi.org/10.1016/S1553-7250(07)33109-7
http://dx.doi.org/10.1016/j.annemergmed.2006.02.005
http://www.ncbi.nlm.nih.gov/pubmed/17052562
http://dx.doi.org/10.1136/bmj.i2139
http://dx.doi.org/10.1016/j.smrv.2006.11.001
http://www.ncbi.nlm.nih.gov/pubmed/17418596
http://dx.doi.org/10.1126/science.7089576


J. Clin. Med. 2019, 8, 47 8 of 8

29. Smith, M.T.; McCrae, C.S.; Cheung, J.; Martin, J.L.; Harrod, C.G.; Heald, J.L.; Carden, K.A. Use of Actigraphy
for the Evaluation of Sleep Disorders and Circadian Rhythm Sleep-Wake Disorders: An American Academy
of Sleep Medicine Systematic Review, Meta-Analysis, and GRADE Assessment. J. Clin. Sleep Med. 2018, 14,
1209–1230. [CrossRef]

30. Lee-Tobin, P.A.; Ogeil, R.P.; Savic, M.; Lubman, D.I. Rate My Sleep: Examining the Information, Function,
and Basis in Empirical Evidence Within Sleep Applications for Mobile Devices. J. Clin. Sleep Med. 2017, 13,
1349–1354. [CrossRef]

31. Huang, L.B.; Tsai, M.C.; Chen, C.Y.; Hsu, S.C. The effectiveness of light/dark exposure to treat insomnia in
female nurses undertaking shift work during the evening/night shift. J. Clin. Sleep Med. 2013, 9, 641–646.
[CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.5664/jcsm.7228
http://dx.doi.org/10.5664/jcsm.6814
http://dx.doi.org/10.5664/jcsm.2824
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Experimental Section 
	Subjects 
	Measures 
	Procedures 
	Data Analysis 

	Results 
	Discussion 
	References

