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Abstract. – OBJECTIVE: Medication admin-
istration accounts for 40% of the nursing clini-
cal activity in hospitals and nurses play a cen-
tral role in granting the patient safety, as they 
are directly responsible for the patient care. 
This review aims at analyzing the correlation be-
tween the clinical risk management and the oc-
currence of medication errors and the effects 
of the shift work (such as excessive fatigue and 
sleep deprivation after a shift in hospital) on in-
patient nurses.

MATERIALS AND METHODS: This paper 
adheres to the relevant EQUATOR guidelines. 
A systematic review was conducted according 
to the PRISMA statement and pertinent arti-
cles were selected based on inclusion criteria 
and quality assessment factors. Two reviewers 
searched the bibliographic databases PubMed, 
Scopus, Cochrane, CINAHL to collect all the 
available articles in English and Italian issued 
between 1992 and August 2017.

RESULTS: The reviewers analyzed 19 of the 
723 initially extracted references, as they fo-
cused on the impact of workload, shifts and 
sleep deprivation on the probability of making 
medication errors. 

CONCLUSIONS: The main reasons behind 
medication errors are stress, fatigue, increased 
workload, night shifts, nurse staffing ratio and 
workflow interruptions. These factors can have 
a significant negative impact on the health and 
the performance of the employees. It is desir-
able to extend and deepen the research to iden-
tify appropriate measures to minimize medica-
tion errors.

Key Words:
Medication errors, Nurses’ work shift, Patient safe-

ty, Fatigued nurses, Hospital settings.

Introduction

The report To Err is Human – Building a Safer 
Health System, issued by the U.S. Institute of Med-
icine, claims that an estimated 44,0001 to 98,000 
patients die each year from medical errors while 
receiving medical care; and, in Italy, about 320,000 
people are subjected to medication errors in health 
facilities every year2. Patient safety is a priority 
for healthcare systems worldwide, however, the 
World Health Organization (WHO) still requests 
health organizations to take urgent action against 
medication errors3. 

A medication error can be defined as a failure 
in the treatment process that leads to, or has the 
potential to lead to, harm to the patient4.

Nursing care provision is always organized in 
shift work to guarantee the healthcare of patients. 
Medication administration accounts for 40% of the 
nursing clinical in hospitals and nurses, being di-
rectly responsible for the delivery of the patient care, 
can make the difference to prevent the occurrence 
of medication errors5. In the Intensive Care Units 
(ICUs) and the Emergency Departments, patients 
are most vulnerable to being exposed to medication 
errors related to knowledge, attitude, behaviour and 
training needs of nurses6-8. However, the negative 
health effects of the shifts (sleep deprivation, fatigue, 
and tiredness) can jeopardize the patient safety.

Some studies support the presence of an asso-
ciation between Daylight Saving Time (DST) and 
a modest increase of acute myocardial infarction 
(AMI) occurrence9, which leads to sleep distur-
bance and deprivation. 
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The objective of this study is to analyze the 
correlation between the clinical risk management 
and the occurrence of medication errors and the 
effects of the shift work (such as excessive fatigue 
and sleep deprivation after a shift in hospital) on 
inpatient nurses.

Materials and Methods

Study Design
This systematic review was performed ac-

cording to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 
statement10 (a copy is available upon request). The 
protocol for this systematic review has not been 
registered or published.

Search Strategy
According to the purpose of this review, the au-

thors drafted a protocol based on the Population, In-
tervention, Outcome and Setting (PIOS) approach:

P: nursing staff
I: nursing shift work
O: patient safety and medication safety
S: hospital setting
This research aims at answering the following 

question: What is the correlation between nursing 
shift work, and the clinical risk management and 
the risk of medication errors occurrence? 

Two reviewers searched the bibliographic da-
tabases PubMed, Scopus, Cochrane, CINAHL 
to collect all the available articles in English and 
Italian issued between 1992 and August 2017. To 
obtain an exhaustive string search, the follow-
ing keywords were combined through Boolean 
operators AND and OR: medication error, med-
ication errors, medication errors nursing, med-
ication administration, medication safety, med-
ication management, medication mistake, slip, 
nurse, shift, shift work, work shift, work schedule. 

Inclusion and Exclusion Criteria 
of the Study

The reviewers defined the characteristics that 
made up the eligibility criteria used to rule in or 
out the collected studies for this research study.
Inclusion criteria: 
 • Intervention studies, including RCTs, Con-

trolled Clinical Trials (CCTs) and all obser-
vational studies (e.g. cohort analytic studies, 
cross-sectional studies, case-control studies...);

 • Papers reporting the administration of medi-
cations by registered nurses (RNs);

 • Studies performed in hospitals/inpatient set-
tings, including ICUs, emergency depart-
ments, medicine and surgical wards;

 • Studies focusing on adult and paediatric pa-
tient cases; 

 • Peer-reviewed research articles published in 
English and Italian. 

Exclusion criteria: 
 • Studies reporting educational interventions;
 • Studies reporting the administration of medi-

cations by other health professionals and stud-
ies reporting the prescription and the dispen-
sation of drugs; 

 • Studies carried out in outpatient centres, as-
sisted living facilities and nursing homes;

 • Grey literature, such as dissertations, confer-
ence papers, proceedings, etc.

Study Selection
In the very first phase, the results obtained 

from the research were imported into Endnote® 
database, then, duplicates were eliminated and 
only results in English and Italian were considered. 

In the second phase, two authors independent-
ly reviewed each article loaded in the database. 
They first screened the records by reading their 
titles and abstracts, then, according to the eligi-
bility criteria previously set, they excluded the 
irrelevant articles, while read the full text of the 
pertinent papers. 

Thanks to this in-depth reading, they were 
able to exclude those studies that did not focus 
on the correlation between nursing shift work 
and patient safety. 

Data Extraction
The following data were collected for each 

study: name of the author(s) and year of publi-
cation of the study, purpose of the study, study 
design, study population and summary of findings. 

The main information of the relevant articles 
was organized in a table of data extraction (Table I).

Quality Assessment
The authors assessed the quality of the ev-

idence by using the Grading of Recommenda-
tions, Assessment, Development and Evaluations 
(GRADE) method.

They considered the following criteria for 
each outcome: risk of bias, imprecision, incon-
sistency, indirectness and other consideration11. 
The quality assessment of the relevant studies 
is reported in a table (a copy is available upon 
request).
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Results

Initially, 723 references were identified, then, 
after the elimination duplicates, authors selected 
19 relevant studies (Figure 1). 

The results obtained from the research of the 
scientific literature have been organized into three 
main interest categories, as explained below.

Shift Work and Errors
According to the studies on the impact of work-

ing time on sleep and the risk of making errors, 
it was highlighted that professionals who work 
on shifts are exposed to frequent disturbed and 
interrupted sleep, and they manage to rest only 
few hours per night and per month. 92% of nurses 
who work on day/evening regular shifts achieve 

Figure 1. Flowchart (Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for sys-
tematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009; 6: e1000097.). From:  Moher D, Liberati A, 
Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: 
The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097. For more information, visit www.
prisma-statement.org.
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restorative sleep of four hours a night, in a month. 
The situation is not the same for night workers, 
as only 6.3% of them manage to sleep for at least 
four hours. Actually, it was underlined that the 
quality of sleep is significantly lower for those 
professionals working in rotating shifts (2.8 OR) 
and night workers (1.8 OR). From the univariate 
analysis between shift work and errors related to 
it, it was observed that medication errors occur 
more frequently during occasional night shifts and 
rotating shifts (12.1%)12. 

Patrician et al13 used for their study the data 
collected in some military hospitals and pro-
cessed with the same database (MilNOD). They 
observed that the occurrence of adverse events 
during the shift could be put in relation with the 
organization of nursing staff. The findings of this 
study indicated that even in a single shift, if nurs-
ing care is provided by a reduced staff, the quality 
of the assistance is compromised, and the risk 
of errors increases. The authors14 affirmed that 
during the night shift, the availability of a larger 
number of nursing staff leads to the decrease of 
medication errors.

Many authors14-17 instead, studied the relation 
between the length of nurses’ work shifts and the 
risk of medication errors. The majority of them 
agree on some data: shifts longer than 12 hours 
per day and 40 hours per week cause a greater 
fatigue of the nurses and, therefore, lead to an 
increased rate of adverse events and medication 
errors. Olds and Clarke6 stated that nurses who 
work on average more than 40 hours per week 
are more likely to face adverse events and make 
errors (from 14 to 28%). For every extra hour 
of voluntary work (paid) exceeding the 12-hour 
shift, the probability of administering the wrong 
drug or the wrong dose increases by 2%. 

Comparing the data elaborated by the two 
authors, they both report in their studies14,18 that 
often the ideal duration of a shift and its effective 
length do not match. Although 12-hour shifts are 
scheduled, 67% of participants to the study actu-
ally work more than 12 hours per shift and 10.8% 
of them worked more than 16 hours, at least once 
during the study period. The longest scheduled 
shift should last 17 hours, but effectively, it can last 
up to 23 hours and 30 minutes. Commonly, nurses 
work at least an hour more than planned during 
their shift, but only in 28% of cases, this extra 
work is considered overtime. Nurses participating 
to the study claimed to have made 1 error on aver-
age during the period of the study, for a total of 224 
errors and 350 near miss. Mainly, errors (56.5%) 

and near miss (28.2%) were medication errors.
Data collected on 5,317 work shifts revealed 

that nurses employed in hospitals usually work 
longer than 40 hours per week, exceeding their 
scheduled daily shift18. The participants to the 
study worked, on average, 55 minutes a day longer 
than planned, and the longest shift lasted 23 hours 
and 40 minutes. Although 31% of nurses had a 
scheduled shift of ≥ 12.5 hours, indeed, 39% of 
them actually work for ≥12.5 hours. During da-
ta-gathering period, 199 errors and 213 near miss 
were reported. More than a half of the errors and 
near miss were medication administration errors. 
30% of the nurses reported making at least 1 error, 
and 32% reported at least 1 near miss. One nurse 
reported 8 errors, while another one reported 9 
near miss.

Too long work shifts expose nurses to major 
risk factors such as burnout, poor skill work and 
much concern of causing errors15. Specifically, 
nurses working shifts longer than 12 hours or 
rotating shifts, feel more often tired and experi-
ence frequent burnouts; moreover, they are more 
likely to take short/long leaves. They concerned 
themselves more with the risk of making errors 
than with the quality of nursing care they de-
liver to the patient. Nurses working for more 
than 12.5 consecutive hours in a shift face a 
growing risk of making medication errors. In 
particular 39% of the shifts last more than 12.5 
hours and the risk of making a mistake is three 
times more likely16. The rate of fatigue related 
to medication errors increases proportionally to 
the number of hours worked per month. On the 
contrary, the reported medication errors, which 
are not related to the fatigue, do not depend on 
the extended duration of the shifts. Referring 
to nurses’ self-reported errors, they occur more 
frequently in a 3-shift system than in a 2-shift 
system. Tanaka et al19 confirmed these data 
through the realization of a bivariate analysis 
in which they put in relation the 3-shift system 
and the 2-shift system to nurses’ years of work 
experience and the number of night shifts in a 
month. The bivariate analysis showed that the 
frequency of adverse events with the 3-shift 
system was higher for nurses with 3-6 years of 
experience. 

According to a study carried out in six Neona-
tal Intensive Care (TIN) in the USA, shifts longer 
than 12 hours per day resulted in poor quality 
care delivered by nurses: during the 28-day da-
ta-collection period, nurses report 3 procedural 
errors and 3 medication errors20.
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Work Organization and Errors
Some authors investigated the impact that the 

workload can have on the probability of commit-
ting medication errors. 

Al-Kandari and Thomas21 identifies a positive 
correlation between the workload and the possi-
ble adverse events that nurses face while work-
ing. The main adverse events observed are delays 
and/or omissions in drug therapy administration, 
which occur in 1.8% of cases. The nurse-patient 
ratio is the measure of the workload. 

Holden et al22 evaluated the correlation be-
tween three different dimensions of workload 
and three outcome variables. One of the results 
he identified, besides dissatisfaction and work- 
related burnout, is the occurrence of medication 
error. He claims that medication errors could be 
easily predicted if the workload is commensurate 
with the expertise and the functions of the nurses 
employed. Therefore, an excessive workload in 
drugs administration is related to the probability 
of making medication errors. Holden et al22 iden-
tified two kinds of mental workload: the first one 
is the internal mental workload, which referred 
to the concentration and the mental effort of the 
nurse while performing his/her activities; the 
second one was the external mental workload, 
which is represented by workflow interruptions, 
requests, and distractions that the operator has 
to face while delivering healthcare. The external 
components of the workload can lead to medica-
tion errors, actually, workload accounts for 36.4% 
of the causes of medication errors and it ranks 
second in a classification of the factors that can 
lead to medication errors. Fatigue ranks first, as 
it was identified as the main reason of therapy 
errors in 38.5% of cases23.

The working environment strongly affects the 
risk of errors. By workplace, the authors not only 
refer to the working physical structures, but also 
to the network of relationships and professional 
partnerships among different professionals who 
work in synergy. 

In 2015, Drach-Zahavy and Hadid24 inves-
tigated the relation between the strategies that 
nurses employ in handover communication and 
the number and types of medication errors, which 
occur in the following shift. The handover in 
the time lag between the end of a shift and the 
beginning of the next one is a delicate phase and 
its investigation represents a good opportunity 
to identify and correct errors. In nearly one-fifth 
of the handovers, drugs dosage is inaccurate 
and about half of the documentation is partially 

missing. Face-to-face verbal updates between the 
colleagues, the assessment of the topics faced by 
the outgoing nurses and those who are starting 
their work shift, the inclusion of the outgoing 
personnel on care plans and writing summa-
ries before the handover represent some of the 
strategies suggested to reduce the occurrence of 
medication errors. These measures will serve not 
only to guarantee the patient safety but also the 
continuity of care.

Sleep Quality and Quantity, 
Fatigue and Errors

Numerous studies25-27 investigated the way 
that sleep quality affects the quality of life and 
work in nurses. To measure the sleep quality and 
the quality of life, various scales were used: Brief 
Fatigue Inventory (BFI), Fatigue Severity Scale 
(FSS), WHO Quality of Life Instrument (WHO-
QOL-BREF), Epworth Sleepiness Scale (ESS), 
Stanford Sleepiness Scale (SSS) and Pittsburgh 
Sleep Quality Index (PSQI). 

The BFI showed that night nurses perceive 
greater fatigue than those involved in day shifts. 
The ESS findings revealed no significant differ-
ence between nurses working in intensive care 
units and departmental nurses, while, in terms 
of fatigue, it highlighted an evident difference 
between the day shift (6.70 ± 3.66) and the night 
shift (8.58 ± 4.33). This difference was also em-
phasized by the FSS, as the fatigue borne during 
the night shift (3.88 ± 1.2) is slightly higher than 
that of the day shift (3.17 ± 1.25). The score refer-
ring to the comparison between nurses working 
in night shifts and those employed in day shifts 
does not differ much in the SSS scale. However, 
the investigation of the reaction time revealed that 
there is a significant difference between the re-
action time in the period immediately before the 
beginning of a day shift and the one preceding 
the beginning of a night shift: nurses at the be-
ginning of their night shift are slower in reacting 
(310.7) than those who start the day shift (278.9). 
The PSQI scale is meant to measure the sleep 
quality. This scale is made of 19 items and a score 
of 0 to 3 can be assigned to each; the final score 
will be of 0 to 21. A total score of ≥ 5 indicates 
a poor-quality sleep. The results of the PSQI 
scale highlighted a significant difference among 
the scores achieved by nurses working the night 
shifts and those working the day shifts. 

Kunert et al25 indicated an average PSQI score 
of 7.7 for night-shift nurses and an average score 
of 5.8 for day-shift nurses. The multivariate anal-
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ysis between PSQI and BFI resulted in a sig-
nificant difference in the duration of sleep and 
the dysfunctions during the day between nurses 
employed in night shifts (0.51 and 0.66) and those 
working during the day (0.23 and 0.39). Also, 
Surani et al27 recorded a considerable difference 
in the PSQI scores achieved by night-shift nurses 
(7.96 ± 3.42) and day-shift nurses (6.29 ± 2.82). 
The most encouraging scores resulted in Shao et 
al study26 in which the average PSQI score was 
of 5.33 ± 2.8, as 57% of the study participants 
achieved a score higher than 5.

Many authors14,16,28 of the articles considered 
for the draft of this study focused their attention 
on the correlation between medication errors and 
nurse fatigue. In one of these papers18, it turned 
out that 65% of the participants affirmed it was 
exhausting for them to stay awake at work and 
20% of them declared to fall asleep during the 
shift. The rate of fatigue, which nurses self-re-
ported in another study16 is related to medication 
errors and increases proportionally to the number 
of working hours. In fact, long work hours can 
produce nurses’ loss of attention while perform-
ing their tasks or during educational activities. 
Allen et al28 aim in their study at showing how 
nurses’ sleep and rest are influenced by the or-
ganization of work shifts. The average sleep du-
ration (5.68 hours) between two shifts at night is 
shorter than the sleep duration between two day-
shifts (6.79 hours). Nurses can benefit from more 
sleeping hours (8.53 hours) on the days when they 
do not work and the night (8.93 hours) between 
a day- shift and a day off. The conclusion of this 
report is that the cognitive dysfunction generated 
by fatigue and sleep deprivation potentially af-
fects the patient safety and the work safety. It can 
be claimed that shift work is the main factor that 
leads to the risk of medication errors, especially 
in those cases in which nurses autonomously 
administer drugs pro re nata.

The careful evaluation of the articles exam-
ined for this review grounds the assertion that 
there are strong relations between the sleep depri-
vation and the occurrence of errors in the therapy 
delivery. 

Another study29 identified a double relation 
between working hours and physical fatigue, and 
between medication errors and mental fatigue. 
Actually, 25% of nurses claimed to make medi-
cation errors when they are tired and exhausted. 
Fatigue has deleterious effects on all types of 
performance, and it results in loss of attention, 
vigilance, concentration and judgment. 

Johnson et al30 carried out a cross-sectional 
study by selecting 289 full-time night shifts nurs-
es during a 7-month period. The results revealed 
that more than half of the sample reported being 
sleep deprived: more than 75% of the involved 
nurses slept 4.7 hours or less in a 24-hour pe-
riod, which is about 1.5 hours less than the 
recommended hours of sleep for adequate brain 
function. Sleep-deprived nurses made 25 patient 
care errors in total.

Discussion 

The critical analysis of the studies selected for 
the draft of this paper highlighted the relevance 
of some key topics for the study results: shift 
work, fatigue and workload. 

Workload in particular, significantly affects 
the risk of making medication errors21,22,24. In 
36.4% of the analysed cases, it was the second 
cause of medication error23.

Many reports provided ample evidence of 
the inverse relation between nurse staffing and 
medication errors. Patrician et al13 found that 
medication errors mainly occur during shifts 
staffed with fewer personnel in general, and, par-
ticularly, when only few RNs are at work. Other 
reasons for medication error occurrences are the 
increased workload and the night shifts. In fact, 
the error rate on night shift is consistently higher 
than the day shift rates12,13. Some researchers 
emphasized that the number of medication errors 
increases proportionally to long working hour. 
Working more than 12 hours per shift or work-
ing more than 40-50 hours per week is related 
to medication errors23. Some authors found that 
risks of medication errors increased by 2% for 
every extra hour of voluntary work. However, the 
risk of falling into error significantly increases 
when work shifts are longer than 12 hours18. In 
fact, the evidence supports the negative impact 
on the employee of working more than 12 hours 
per shift, in terms of fatigue, health, satisfaction, 
work/family balance and patient safety15,23. Some 
studies analysed the relation between shift work 
and it consequences, such as sleepiness and ac-
cidents. Sleep deprivation and misalignment of 
the circadian phase too are linked to slow reac-
tion time, frequent attention lapses and increased 
error rates on carrying out tasks12,16,20. The most 
important strategies for nurses to reduce the risk 
of errors are taking naps, caffeine and exposure 
to light19,20,30. 
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Conclusions

The purposes of this research are to analyze the 
impact of sleep deprivation and excessive fatigue on 
inpatient nurses by focusing on the possible correla-
tion between the clinical risk management and the 
occurrence of medication errors, and the effects of 
the shift work and the workload on sleep quality. 
Since the 1990s, the literature provided ample evi-
dence on this topic. To create a safety environment 
in healthcare facilities, simulation based medical 
education is a key of success31, such as the efficacy 
of the application of critical pathway management 
to resident doctor’s standardized training32. 

Although the personal factors (knowledge, at-
titude and behaviour)33-35 are essential to prevent 
nursing errors, this research shows that the main rea-
sons for medical errors are: stress, fatigue, increased 
workload, night shifts, and workflow interruptions36. 

Adverse events occur more frequently during 
reduced staffed shifts (where the number of nurs-
ing staff in particular is little)13 and when the 
working hours exceed 12 hours per shift and 40 
hours per week14,15,17,18.

These data showed that tiredness and lack of 
rest play a critical role in increasing the possibil-
ity of medication errors.

Nurses working night shifts and rotating shifts 
struggle more to stay awake during their work ac-
tivities and they are twice as likely to make errors, 
compared to nurses working day/evening shifts.

In accord to these results, Ulas et al37 showed 
a relationship between the effect of day and night 
shifts on oxidative stress and anxiety symptoms 
of the nurses. Furthermore, there is an associa-
tion between the variables linked to work-related 
stress (WRS) and urinary cortisol levels38. Numer-
ous findings highlighted that extremely long shifts, 
workflow interruptions and distractions while per-
forming tasks, staff shortage and increasing care 
needs of patients with chronic comorbidity expose 
nurses to many risks that lead to adverse events, 
fatigue, stress and lack of time and concentration. 
These factors have a significant impact on the fa-
tigue and the health of the employees. 

Relevance to clinical practice

It is essential to identify key strategies for 
nurses to reduce medication errors and improve 
the patient safety and the quality of nursing care.

A successful strategy to address fatigue and, 
thus, deliver quality nursing care, is to guarantee 

the operator sufficient rest20,30 and allocate the 
work in line with the expertise and the functions 
of the nurses employed to enhance the manage-
ment of workload22. Furthermore, longer intervals 
after night shift may enable longer main sleep and 
sufficient recovery time, necessary for nurses to 
cope with stress, which could be linked to reduc-
tions in errors during the working hours19.

It is essential to unburden nurses from exces-
sive tasks, relieve their workload as much as pos-
sible and guarantee them adequate rest periods 
during long shifts for the improvement of their 
performances and the reduction of errors.

It is desirable to extend and deepen the research 
to identify appropriate measures to minimize med-
ication errors and improve patient safety.
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