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Abstract
Background: Medication administration errors (MAEs) cause preventable patient 
harm and cost billions of dollars from already-strained healthcare budgets. An emerg-
ing factor contributing to these errors is nurse fatigue. Given medication administra-
tion is the most frequent clinical task nurses undertake; it is vital to understand how 
fatigue impacts MAEs.
Objective: Examine the evidence on the effect of fatigue on MAEs and near misses by 
registered nurses working in hospital settings.
Method: Arksey and O'Malley's scoping review framework was used to guide this 
review and PAGER framework for data extraction and analysis. The PRISMA checklist 
was completed. Four electronic databases were searched: CINAHL, PubMed, Scopus 
and PsycINFO. Eligibility criteria included primary peer review papers published in 
English Language with no date/time limiters applied. The search was completed in 
August 2021 and focussed on articles that included: (a) registered nurses in hospital 
settings, (b) MAEs, (c) measures of sleep, hours of work, or fatigue.
Results: Thirty-eight studies were included in the review. 82% of the studies identi-
fied fatigue to be a contributing factor in MAEs and near misses (NMs). Fatigue is as-
sociated with reduced cognitive performance and lack of attention and vigilance. It is 
associated with poor nursing performance and decreased patient safety. Components 
of shift work, such as disruption to the circadian rhythm and overtime work, were 
identified as contributing factors. However, there was marked heterogeneity in strat-
egies for measuring fatigue within the included studies.
Relevance to clinical practice: Fatigue is a multidimensional concept that has the ca-
pacity to impact nurses' performance when engaged in medication administration. 
Nurses are susceptible to fatigue due to work characteristics such as nightwork, over-
time and the requirement to perform cognitively demanding tasks. The mixed results 
found within this review indicate that larger scale studies are needed with particular 
emphasis on the impact of overtime work. Policy around safe working hours need to 
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1  |  INTRODUC TION

Patient safety is a global healthcare concern (The Health 
Foundation, 2013; World Health Organisation [WHO], 2004). One 
of the most frequent causes of preventable patient morbidity and 
mortality in hospitals is medication administration errors (MAEs) 
(Adams & Koch,  2010; Cousins et al.,  2011). The term MAE typi-
cally refers to any preventable event (e.g. calculation errors, label-
ling errors) that causes inappropriate medication use for a patient 
(Billstein-Leber et al.,  2018). The consequences of MAEs can be 
catastrophic to patients, causing illness, injury and death (Mayo & 
Duncan,  2004). MAEs may also increase the length of a patient's 
hospital stay and exhaust valuable healthcare resources unnecessar-
ily (WHO, 2017a). The WHO recognises MAEs as the leading global 
cause of healthcare acquired injury, costing USD$42 billion annually 
(WHO, 2017b). In Australia, the cost of MAEs in 2017 was estimated 
to be AU$1.2 billion (Australian Commission on Safety and Quality 
in Health Care, 2017).

Whilst evidence suggests there are many contributing fac-
tors to MAEs, fatigue in registered nurses (RN) has been identified 
as an emerging contributor (Keers et al.,  2013; Parry et al., 2014; 
Schroers et al.,  2021). Many RNs perform shift work in hospital 
settings across 24-h rotating rosters to meet patient needs. Shift 
work often involves working long, irregular and extended hours 
(Harrington, 2001). There is a significant body of evidence indicating 
that RNs who work these rotating shift patterns experience fatigue 
(Smith-Miller et al., 2014; Steege et al., 2015). Fatigue is associated 
with reduced cognitive performance, lack of attention and vigilance 
(Goel et al., 2009) and is known to be associated with poor nursing 
performance and decreased patient safety (Cho & Steege, 2021). 
Whilst there is research linking fatigue to impaired performance (Al-
Mugheed et al.,  2022), the extent to which fatigue contributes to 
MAEs and near misses (NMs) is unclear.

Globally there is a shortage of RNs, which is placing signifi-
cant strain on healthcare systems (WHO,  2020). This shortage 
has put pressure on RNs to work longer and/or work additional 
shifts (International Council of Nurses [ICN],  2021) and has been 
exacerbated by the COVID-19 pandemic (ICN,  2020; Maben & 
Bridges,  2020). The International Council of Nurses  (2021) state 
that nearly 90% of national nurses' associations globally report 
being somewhat or extremely concerned about insufficient staffing 
levels, burnout and stress because of the pandemic which, in turn, 
is causing RNs to leave the profession early (ICN, 2020; Maben & 
Bridges, 2020). Fewer RNs in the workforce will inevitably put fur-
ther strain on those remaining, with increasing expectations to cover 
staffing short falls, thereby increasing workload and fatigue (Lopez 

et al.,  2022). Given nurses spend a significant proportion of their 
time administering medications, it is important to gain an under-
standing of the effects of RN fatigue on MAEs.

2  |  METHODS

A scoping review was undertaken to examine the extent, nature and 
range of available literature on the effects of RN fatigue on MAEs. 
Scoping reviews are becoming increasingly popular for providing a 
rigorous and transparent method of synthesising evidence (Levac 
et al.,  2010). Scoping reviews have been found to be particularly 
useful when the topic is complex or heterogeneous in nature as with 
MAEs (Mays et al.,  2001). The framework set out by Arksey and 
O'Malley (2005) was used to guide this scoping review. This frame-
work involves six steps which guide researchers to identify themes 
to collate and summarise results (Arksey & O'Malley, 2005). Refer to 
Table 1. This review was not registered. The PRISMA 2020 checklist 
was completed to ensure all critical components were included in 
this review (Page et al., 2021).

The Population/Intervention/Comparison/Outcome (PICO) 
framework was used to formulate the review question ‘What is the 
impact of RN fatigue on the incidence of MAEs and NMs?’ Refer to 
Table 2.

Four electronic databases were searched, including: CINAHL, 
PubMed, Scopus and PsycINFO. Relevant MESH terms and key-
words were used to ensure all relevant inclusions were identified. 
The Boolean operators ‘AND’/‘OR’ was applied between search 
terms. The following keywords were used:

nurs* AND hospital* OR ‘acute care facilit* OR health 
care facilit* OR healthcare facilit* AND fatigue* OR sleep 
OR “sleep deprivation” OR “shift work” OR overtime 

be re-evaluated and fatigue management systems put in place to ensure delivery of 
safe and quality patient care.

K E Y W O R D S
fatigue, medication administration errors, near misses, nurse, shift work, sleep, sleep 
deprivation, sleep disorders

What does this paper contribute to the wider 
global clinical community?

•	 Fatigue may contribute to medication administration er-
rors as a result of circadian disruption, extended hours 
of work and sleep restriction.

•	 There is inconsistency in the evidence linking fatigue 
with medication administration errors.

•	 There is marked heterogeneity in how fatigue is meas-
ured within healthcare literature.
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OR tired* AND medication error* OR “drug error*” OR 
“medication administration error’ OR “near miss”

Included study's reference lists were then hand searched to ensure 
all relevant studies were included. All searches were undertaken in 
August 2021.

2.1  |  Inclusion/exclusion criteria

The search had no date/time limiters applied with the search com-
pleted in August 2021. Language was limited to availability in English. 
Table 3 presents the inclusion/exclusion criteria applied.

2.2  |  Screening process

A total of 310 studies were identified after duplicates were re-
moved. Identified studies were uploaded onto RAYYAN (Ouzzani 
et al.,  2016), an internet-based software program that allows col-
laboration with reviewers during the screening process. A blinded 
screening of the title and abstract was completed (level one) by four 
reviewers (TB, AS, TF, and MS). Any conflicts arising through the in-
dependent screening process were resolved by consensus. Studies 
that were included at level one (n  =  131) then progressed to full 
text screening (level two). Based on level two screening, 38 studies 
were included in the review. The reasons for exclusion are detailed 
in Figure 1.

TA B L E  1  Arksey and O'Malley (2005) scoping review framework

Framework stage Framework as applied to scoping review

Step 
1

Identify the research question—The researcher is guided to develop a 
research question which is broad enough to allow for identification of 
the relevant literature for inclusion in the study.

‘What is the impact of RN fatigue on the incidence of MEs 
and NMs?’

Step 
2

Identify relevant studies—This involves the identification of where to 
search and the terms to be used in order to identify the relevant 
studies which will aid in answering the research question

•	 four database searches
•	 key words and MESH terms used as applicable
•	 searches saved
•	 librarian consulted
•	 forwards and backwards citation tracking
•	 grey literature searched

Step 
3

Study selection—This involves similar steps to a systematic review; 
however, there is greater flexibility with inclusion and exclusion 
criteria. Search terms may be refined as the researcher becomes more 
familiar with the data.

•	 Level 1 screening of title and abstract
•	 Level 2 screening of full text article against inclusion–

exclusion criteria as detailed in Table 3 (p.7)
•	 Reasons for exclusion of studies recorded and presented 

in Figure 1 (p.9)

Step 
4

‘Charting’ the data—reflects the data extraction phase of a systematic 
review, whilst has a broader approach. Employs a narrative 
descriptive-analytical framework method, yet does not attempt to 
apply ‘value’ to the methodological quality of evidence gleaned

Develop a data extraction table with:
•	 author
•	 publication year
•	 country
•	 speciality
•	 method
•	 definition of MAE,
•	 measure of fatigue used,
•	 participants
•	 key findings
See Appendix A (p.46)

Step 
5

Collating, summarising and reporting the results—using a framework 
approach

See Section 4.5 (p.10)

Step 
6

Consultation—This stage is optional; however, incorporation adds to 
methodological rigour

During the consultation phase of this review, the researcher 
consulted with the supervisors of the proposed study. 
Their participation provided assistance in the identifying, 
charting, collating and reporting stages of the review

PICO protocol Review question components

Population Registered nurse

Intervention Fatigued

Comparison Not fatigued

Outcome Medication administration error or near miss*
*Near misses can provide valuable evidence on the root causes of 

errors.

TA B L E  2  PICO protocol for review 
question
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Data extracted from the 38 studies included: (a) demograph-
ics of study (authors, year of publication, location, study design), 
(b) definition of MAEs, (c) population characteristics (sample size, 
ward/unit where RNs work) (d) data collection tools used for fatigue, 

hours of work and measure of sleep (e) data collection tools used 
for MAEs and NMs (f) main findings. Refer to Table  4. Data were 
then organised and presented as descriptive and narrative synthe-
sis. The PAGER (Patterns, Advances, Gaps, Evidence for practice 

TA B L E  3  Inclusion/exclusion criteria

Inclusion criteria Exclusion criteria

Population includes RNs Data reports on healthcare professionals as a whole and does not report on RN 
data separately

Setting is a hospital or acute care facility (short-term hospital 
that has facilities, medical staff and all necessary personal 
to provide diagnosis, care and treatment of a wide range of 
acute conditions, including injuries).

Data on hospitals or acute care facilities are not clearly reported

Reports on rates of MAEs on NMs Focus is on adverse events in general without clearly separated data on MAEs 
or NMs

Includes a measure of sleep OR details of hours worked OR use 
of a fatigue measurement tool

Focus is on the reporting of MAEs or NMs by RNs to supervisors and/or as part 
of incident management systems

Full text not available

Not in English

F I G U R E  1  From ‘The PRISMA 2020 
statement: An updated guideline for 
reporting systematic reviews,’ by M.J. 
Page et al., BMJ, 372: pp.71 [Colour figure 
can be viewed at wileyonlinelibrary.com]
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and Research recommendations) framework was used to help in the 
analysis and reporting of the key messages from the review (Refer to 
Table 5) (Bradbury-Jones et al., 2022).

3  |  RESULTS

3.1  |  Characteristics of included studies

Of the 38 studies, 33 reported quantitative data, three reported 
qualitative data and two included both quantitative and qualita-
tive components. Tools used to collect quantitative data included 
once off questionnaires (n  =  29), retrospective data (n  =  3), ob-
servation (n = 1) and logbook (n = 1). Multiple studies were con-
ducted in Iran (n = 11), USA (n = 9), Japan (n = 3), Canada (n = 2) 
and Finland (n  =  2). Single studies were completed in Australia, 
Egypt, UK, Nigeria, Taiwan, Turkey, Iraq, Korea, Malaysia, Italy 
and Jordan. Sample sizes for qualitative studies ranged from 18 
(Sessions et al., 2019) to 41 participants (Groves et al., 2020) and 
for quantitative 12 (Zadeh et al.,  2014) to 11, 516 participants 
(Olds & Clarke, 2010).

3.2  |  Definition of MAE

Of the included studies, 11 gave a definition of MAEs (refer to 
Table 6) (Ali et al., 2020; Baghaei et al., 2015; Fathi et al., 2017; Hassan 
et al., 2009; Jassim & Ebrahim, 2020; Karadeniz & Cakmakci, 2002; 
Mayo & Duncan,  2004; Oshikoya et al.,  2013; Saleh et al.,  2014; 
Sessions et al., 2019; Zarea et al., 2018). In these 11 studies, a total 
of seven different definitions were given with one article explicitly 
providing a doctor's definition and a nurse's definition (Oshikoya 
et al., 2013). Five studies (Ali et al., 2020; Baghaei et al., 2015; Fathi 
et al., 2017; Hassan et al., 2009; Jassim & Ebrahim, 2020) used the 
definition from the National Coordinating Council for Medication 
Error Reporting and Prevention  (2021). Table 6 provides details of 
the definitions used.

Heterogeneity was found in the ways that fatigue was mea-
sured. Twelve studies used a measure of prior sleep (sleep in the 
last 24 or 48 h), such as a sleep record or self-reported sleep. Hours 
of work, such as length of shift or hours worked per week, were 
reported by eight studies (Ali et al., 2020; Campbell et al., 2021; 
Jassim & Ebrahim,  2020; Kiymaz & Koç,  2018; Oshikoya 
et al.,  2013; Roseman & Booker,  1995; Westley et al.,  2020; 
Wilkins & Shields,  2008). A measure of fatigue was used by 26 
studies; of these 15 relied on self-reporting of fatigue levels. More 
than one measure was used in 11 of the studies. See Tables 7–9 
for further details.

3.3  |  Fatigue and MAEs

Fatigue was found to be a contributing factor in MAEs and NMs 
in 31 of the included studies, including in populations of RNs 

working in emergency service units (Ehsani et al.,  2013; Kiymaz 
& Koç,  2018;  ), paediatric units (Murphy & While,  2012), oncol-
ogy units (Saleh et al., 2014) and medical units (Rafat et al., 2015). 
There were mixed results on the association of fatigue; however, 
nine of the 31 studies found that fatigue was the most important 
contributor to MAEs. One of these nine studies was a mixed meth-
ods study (Baghaei et al., 2015), with the remainder using quantita-
tive methodologies (Gorgich et al., 2016; Hassan et al., 2009; Fathi 
et al., 2017; Jassim & Ebrahim, 2020; Karadeniz & Cakmakci, 2002; 
Piroozi et al., 2019; Shohani & Tavan, 2018; Zarea et al., 2018). All 
the eight quantitative studies report fatigue as being the most im-
portant contributing factor in MAEs based on RNs recall of MAE 
incidents and rating of the factors they believed contributed to the 
errors. Furthermore, self-reported measures of fatigue were used in 
each of these studies. Conversely, seven studies found that fatigue 
did not contribute to MAEs and NMs (Aghaei et al., 2020; Asaoka 
et al.,  2012; Bolandianbafghi et al.,  2017; Campbell et al.,  2021; 
Groves et al., 2020; Hong et al., 2021; Seki & Yamazaki, 2006). Of 
these studies, one was qualitative (Groves et al., 2020), and only one 
of the remaining seven quantitative studies (Aghaei et al., 2020) re-
lied on self-reported fatigue. Asaoka et al.  (2012) found that RNs 
with excessive daytime sleepiness did not report a significantly dif-
ferent number of MAEs (χ2  =  2.79, n.s). Similarly, Bolandianbafghi 
et al.  (2017) found that fatigue measured with a validated fatigue 
measurement tool (Cronbach's alpha 0.92) was not significantly as-
sociated with MAEs (p  =  0.711). In addition, hours of work were 
found to not be significantly associated with MAEs by Campbell 
et al. (2021) (p = 0.4707). This study by Campbell et al. (2021) used 
historical data on hours of work and barcode medication adminis-
tration systems removing any necessity for RNs to recall events. 
Findings from Campbell's study are supported by Hong et al. (2021) 
who reported that RNs working 12-h shifts experienced less chronic 
fatigue (p = 0.018), but there was no significant correlation with MAE 
rates (p = 0.146). The study by Seki and Yamazaki (2006) found that 
NMs were significantly more frequent on day shifts when perceived 
level of fatigue were lower (OR = 0.976, 95% CI: 1.490–42.883). Seki 
and Yamazaki (2006) asked the RN participants to measure their fa-
tigue levels using a visual analogue scale (Philip et al., 2003), immedi-
ately before work and near misses were recorded at the end of shift, 
thus minimising the risk of recall bias. They also reported that on 
evening shifts NMs occur significantly more frequently when prior 
sleep duration was longer (OR-1.241, 95% CI: 1.049–1.470).

From the findings of the review, two main themes were identi-
fied as being potential factors in RNs fatigue and the incidence of 
MAEs: (i) shift work and the effect on sleep cycle and (ii) the RNs 
hours of work.

3.3.1  |  Shift schedules

Working rotating shifts is a common aspect of RNs work. This 
pattern of work generally requires RNs to start and finish work 
at different times of the day, work at night and have short breaks 
between shifts (Westley et al.,  2020). Rotating shifts can lead to 

 13652702, 2023, 17-18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocn.16620 by <

Shibboleth>
-m

em
ber@

sentara.com
, W

iley O
nline L

ibrary on [24/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5450  |    BELL et al.

TA
B

LE
 4

 
D

is
tr

ib
ut

io
n 

of
 s

tu
di

es

A
ut

ho
rs

 +
 y

ea
r

Co
un

tr
y

H
os

pi
ta

l w
ar

d 
ar

ea
M

et
ho

d
D

ef
in

iti
on

 
of

 M
A

E
M

ea
su

re
 

of
 s

le
ep

D
et

ai
ls

 
of

 h
ou

rs
 

w
or

ke
d

Fa
tig

ue
 

m
ea

su
re

m
en

t 
to

ol
Sa

m
pl

e 
(n

ur
se

s)
M

ai
n 

fin
di

ng
s

A
gh

ae
i e

t a
l. 

(2
02

0)
Ir

an
N

o 
de

ta
ils

Q
ua

nt
ita

tiv
e

N
o

N
o

N
o

Ye
s

21
1

Fa
tig

ue
 ra

nk
ed

 lo
w

es
t o

f v
ar

ia
bl

es
 o

n 
sa

fe
ty

 
pe

rf
or

m
an

ce
 (m

ea
n 

2.
43

 ±
 1

.1
4)

A
li 

et
 a

l. 
(2

02
0)

Jo
rd

an
N

o 
de

ta
ils

Q
ua

lit
at

iv
e

Ye
s

N
o

Ye
s

N
o

24
N

ur
se

s 
w

ho
 h

av
e 

a 
se

co
nd

 jo
b 

or
 a

re
 s

tu
dy

in
g 

ar
e 

no
te

d 
by

 c
ol

le
ag

ue
s 

to
 b

e 
tir

ed
 a

nd
 m

or
e 

er
ro

r 
pr

on
e

A
sa

ok
a 

et
 a

l. 
(2

01
2)

Ja
pa

n
N

o 
de

ta
ils

Q
ua

nt
ita

tiv
e

N
o

Ye
s

Ye
s

Ye
s

12
02

N
ur

se
s 

re
po

rt
in

g 
di

ff
ic

ul
tie

s 
sl

ee
pi

ng
 o

r e
xc

es
si

ve
 

da
yt

im
e 

sl
ee

pi
ne

ss
 d

id
 n

ot
 re

po
rt

 a
 s

ig
ni

fic
an

tly
 

di
ff

er
en

t n
um

be
r o

f M
A

Es
 (χ

 =
 2

.7
9,

 n
.s

)

Ba
gh

ae
i e

t a
l. 

(2
01

5)
Ir

an
Va

rie
ty

 o
f w

ar
d 

ar
ea

s
M

ix
ed

 
m

et
ho

ds
Ye

s
N

o
N

o
Ye

s
10

2
Se

lf-
re

po
rt

ed
 fa

tig
ue

 ra
te

d 
as

 th
e 

m
os

t c
om

m
on

 
ca

us
e 

of
 M

A
E

Bo
la

nd
ia

nb
af

gh
i 

et
 a

l. 
(2

01
7)

Ir
an

Va
rie

ty
 o

f w
ar

d 
ar

ea
s

Q
ua

nt
ita

tiv
e

N
o

N
o

N
o

Ye
s

17
0

Fa
tig

ue
 n

ot
 s

ig
ni

fic
an

tly
 a

ss
oc

ia
te

d 
w

ith
 M

A
Es

 
(p

 =
 0

.7
11

)

C
am

pb
el

l 
et

 a
l. 

(2
02

1)
U

SA
M

ed
ic

al
-s

ur
gi

ca
l u

ni
t

Q
ua

nt
ita

tiv
e

N
o

N
o

Ye
s

N
o

23
H

ou
rs

 o
f w

or
k 

no
t s

ig
ni

fic
an

tly
 a

ss
oc

ia
te

d 
w

ith
 M

A
Es

 
(p

 =
 0

.4
70

7)

D
ea

ns
 (2

00
5)

A
us

tr
al

ia
Su

rg
ic

al
, m

ed
ic

al
 a

nd
 

pa
lli

at
iv

e 
ca

re
Q

ua
nt

ita
tiv

e
N

o
Ye

s
N

o
Ye

s
15

4
Se

lf-
re

po
rt

ed
 fa

tig
ue

/l
ac

k 
of

 s
le

ep
 re

po
rt

ed
 b

y 
16

.5
%

 
(n

 =
 1

3)
 o

f n
ur

se
s 

as
 b

ei
ng

 a
 c

au
se

 o
f M

A
Es

D
i S

im
on

e 
et

 a
l. 

(2
02

0)
It

al
y

N
o 

de
ta

ils
Q

ua
nt

ita
tiv

e
N

o
N

o
N

o
Ye

s
44

6
Ri

sk
 o

f M
A

Es
 w

as
 c

or
re

la
te

d 
w

ith
 p

oo
r q

ua
lit

y 
sl

ee
p 

(p
 =

 <
0.

01
)

Eh
sa

ni
 e

t a
l. 

(2
01

3)
Ir

an
Em

er
ge

nc
y 

de
pa

rt
m

en
t

Q
ua

nt
ita

tiv
e

N
o

N
o

N
o

Ye
s

94
19

%
 (n

 =
 9

) o
f n

ur
se

s 
se

lf-
re

po
rt

ed
 fa

tig
ue

 a
s 

af
fe

ct
in

g 
th

e 
in

ci
de

nc
e 

of
 M

A
Es

Fa
th

i e
t a

l. 
(2

01
7)

Ir
an

N
o 

de
ta

ils
Q

ua
nt

ita
tiv

e
Ye

s
N

o
Ye

s
Ye

s
50

0
Fa

tig
ue

 c
au

se
d 

by
 e

xc
es

si
ve

 w
or

k 
ho

ur
s 

(m
ea

n 
3.

94
 ±

 1
.0

2)
 a

nd
 ty

pe
 o

f s
hi

ft
 w

or
k 

(m
ea

n 
3.

74
 ±

 1
.0

5)
 ra

te
d 

as
 th

e 
tw

o 
m

ai
n 

ca
us

es
 o

f M
A

Es

G
ol

d 
et

 a
l. 

(1
99

2)
U

SA
N

o 
de

ta
ils

Q
ua

nt
ita

tiv
e

N
o

Ye
s

N
o

N
o

68
7

N
ur

se
s 

w
or

ki
ng

 ro
ta

tin
g 

sh
ift

s 
re

po
rt

ed
 le

ss
 a

nd
 

po
or

er
 q

ua
lit

y 
sl

ee
p.

 W
or

ki
ng

 ro
ta

tin
g 

sh
ift

 
si

gn
ifi

ca
nt

ly
 a

ss
oc

ia
te

d 
w

ith
 M

A
Es

 (O
R 

1.
83

, 9
5%

 
C

I: 
1.

86
–3

.9
1)

 a
nd

 N
M

s 
(O

R 
1.

93
, 9

5%
 C

I: 
0.

99
–

3.
74

). 
W

or
ki

ng
 a

t n
ig

ht
 s

ig
ni

fic
an

tly
 a

ss
oc

ia
te

d 
w

ith
 N

M
s 

(O
R 

2.
10

, 9
5%

 C
I: 

0.
95

–4
.6

8)

G
or

gi
ch

 e
t a

l. 
20

16
Ir

an
In

te
rn

al
, s

ur
gi

ca
l, 

em
er

ge
nc

y 
de

pa
rt

m
en

t, 
gy

na
ec

ol
og

y,
IC

U
, p

ae
di

at
ar

ic
s

Q
ua

nt
ita

tiv
e

N
o

N
o

N
o

Ye
s

32
7

Se
lf-

re
po

rt
ed

 fa
tig

ue
 m

os
t c

om
m

on
 c

au
se

 o
f M

A
Es

 
re

po
rt

ed
 b

y 
97

.8
%

 (n
 =

 3
20

) o
f n

ur
se

s.

G
ro

ve
s 

et
 a

l. 
(2

02
0)

U
SA

In
pa

tie
nt

 a
nd

 c
rit

ic
al

 
ca

re
 u

ni
ts

Q
ua

lit
at

iv
e

N
o

Ye
s

Ye
s

Ye
s

41
N

o 
di

ff
er

en
ce

s 
fo

un
d 

in
 fa

tig
ue

 m
an

ag
em

en
t a

m
on

gs
t 

nu
rs

es
 in

vo
lv

ed
 in

 M
A

Es
 a

nd
 th

os
e 

no
t

 13652702, 2023, 17-18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocn.16620 by <

Shibboleth>
-m

em
ber@

sentara.com
, W

iley O
nline L

ibrary on [24/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  5451BELL et al.

A
ut

ho
rs

 +
 y

ea
r

Co
un

tr
y

H
os

pi
ta

l w
ar

d 
ar

ea
M

et
ho

d
D

ef
in

iti
on

 
of

 M
A

E
M

ea
su

re
 

of
 s

le
ep

D
et

ai
ls

 
of

 h
ou

rs
 

w
or

ke
d

Fa
tig

ue
 

m
ea

su
re

m
en

t 
to

ol
Sa

m
pl

e 
(n

ur
se

s)
M

ai
n 

fin
di

ng
s

H
ar

ka
ne

n 
et

 a
l. 

(2
01

7)
Fi

nl
an

d
N

o 
de

ta
ils

M
ix

ed
 

m
et

ho
ds

N
o

Ye
s

N
o

Ye
s

10
12

N
ur

se
 w

as
 ti

re
d 

re
po

rt
ed

 a
s 

co
nt

rib
ut

in
g 

to
 M

A
E 

(n
 =

 9
).

N
ig

ht
 s

hi
ft

 re
po

rt
ed

 (n
 =

 1
1)

H
as

sa
n 

et
 a

l. 
(2

00
9)

M
al

ay
si

a
Su

rg
ic

al
 a

nd
 m

ed
ic

al
 

w
ar

ds
 (n

 =
 5

)
Q

ua
nt

ita
tiv

e
Ye

s
N

o
N

o
Ye

s
92

Se
lf-

re
po

rt
ed

 ti
re

dn
es

s 
an

d 
ex

ha
us

tio
n 

re
po

rt
ed

 b
y 

73
%

 (n
 =

 6
8)

 o
f n

ur
se

s 
as

 c
au

si
ng

 M
A

Es
.

H
on

g 
et

 a
l. 

(2
02

1)
So

ut
h Ko

re
a

G
en

er
al

 w
ar

ds
 

(n
 =

 3
8)

, I
C

U
 

(n
 =

 1
1)

Q
ua

nt
ita

tiv
e

N
o

N
o

N
o

Ye
s

22
7

N
ur

se
 w

or
ki

ng
 1

2-
ho

ur
 s

hi
ft

s 
ex

pe
rie

nc
ed

 le
ss

 
ch

ro
ni

c 
fa

tig
ue

 (p
 =

 0
.0

18
), 

bu
t t

he
re

 w
as

 n
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 M

A
Es

 b
et

w
ee

n 
8 

h 
an

d 
12

 h
 s

hi
ft

s 
(p

 =
 0

.1
46

) a
nd

 N
M

s 
(p

 =
 0

.4
37

)

Ja
ss

im
a 

&
 E

br
ah

im
 

(2
02

0)
Ir

aq
Va

rio
us

 d
ep

ar
tm

en
ts

Q
ua

nt
ita

tiv
e

Ye
s

N
o

Ye
s

Ye
s

10
0

Se
lf-

re
po

rt
ed

 ti
re

dn
es

s 
ra

nk
ed

 a
s 

th
e 

hi
gh

es
t n

ur
se

 
re

la
te

d 
fa

ct
or

 b
y 

56
%

. E
rr

or
s 

m
os

tly
 o

cc
ur

rin
g 

at
 

ni
gh

t r
ep

or
te

d 
by

 4
4%

K
ar

ad
en

iz
 &

 
C

ak
m

ak
c 

(2
00

2)
Tu

rk
ey

In
te

rn
al

 m
ed

ic
in

e 
an

d 
su

rg
er

y
Q

ua
nt

ita
tiv

e
Ye

s
N

o
N

o
Ye

s
27

Se
lf-

re
po

rt
ed

 ti
re

dn
es

s 
an

d 
ex

ha
us

tio
n 

re
po

rt
ed

 b
y 

33
%

 (n
 =

 1
4)

 o
f n

ur
se

s.
 M

ai
n 

ca
us

e 
re

po
rt

ed
 b

y 
nu

rs
es

K
iy

m
az

 &
 

Ko
ç 

(2
01

8)
Tu

rk
ey

Em
er

ge
nc

y 
se

rv
ic

e 
un

its
 (n

 =
 1

8)
Q

ua
nt

ita
tiv

e
N

o
N

o
Ye

s
N

o
28

4
Fa

tig
ue

/e
xh

au
st

io
n/

bu
rn

ou
t r

ep
or

te
d 

by
 7

5%
 

(n
 =

 8
6)

. L
on

g 
du

ra
tio

n 
of

 w
or

k 
re

po
rt

ed
 b

y 
48

%
 

(n
 =

 5
5)

. E
xc

es
si

ve
 n

um
be

r o
f m

on
th

ly
 s

hi
ft

s 
re

po
rt

ed
 b

y 
46

%
 (n

 =
 5

3)
.

Li
u 

et
 a

l. 
(2

01
2)

Ta
iw

an
N

o 
de

ta
ils

Q
ua

nt
ita

tiv
e

N
o

Ye
s

N
o

N
o

13
58

O
ve

rt
im

e 
w

or
k 

po
si

tiv
el

y 
as

so
ci

at
ed

 w
ith

 N
M

s 
(p

 =
 0

.0
0)

 b
ut

 n
ot

 M
A

Es
 (p

 =
 0

.6
59

)

M
ay

o 
an

d 
D

un
ca

n 
(2

00
4)

U
SA

N
o 

de
ta

ils
Q

ua
nt

ita
tiv

e
Ye

s
N

o
N

o
Ye

s
98

3
M

A
Es

 o
cc

ur
 w

he
n 

nu
rs

es
 a

re
 ti

re
d 

an
d 

ex
ha

us
te

d 
ra

nk
ed

 th
ird

 a
s 

a 
ca

us
e 

(m
ea

n 
4.

30
 ±

 2
.8

2)

M
ur

ph
y 

&
 W

hi
te

 
(2

01
2)

U
K

Pa
ed

ia
tr

ic
 h

os
pi

ta
l

Q
ua

nt
ita

tiv
e

N
o

Ye
s

N
o

Ye
s

14
0

Fa
tig

ue
/l

ac
k 

of
 s

le
ep

 re
po

rt
ed

 b
y 

61
%

 o
r n

ur
se

s 
as

 
ca

us
in

g 
M

A
Es

.

O
ld

s 
an

d 
C

la
rk

e 
(2

01
0)

U
SA

Va
rio

us
Q

ua
nt

ita
tiv

e
N

o
N

o
Ye

s
N

o
11

,5
16

W
or

ki
ng

 >
40

 h
ou

rs
/w

ee
k 

an
d 

vo
lu

nt
ar

y 
ov

er
tim

e 
si

gn
ifi

ca
nt

ly
 p

os
iti

ve
ly

 re
la

te
d 

to
 M

A
Es

 (p
 <

 0
.0

1)

O
sh

ik
oy

a 
et

 a
l. 

(2
01

3)
N

ig
er

ia
Pa

ed
ia

tr
ic

 s
er

vi
ce

s
Q

ua
nt

ita
tiv

e
Ye

s
N

o
Ye

s
N

o
50

W
or

ki
ng

 lo
ng

 h
ou

rs
 re

po
rt

ed
 b

y 
tw

o 
nu

rs
es

 (4
%

) a
s 

be
in

g 
a 

ris
k 

fa
ct

or
 in

 M
A

E

Pi
ro

oz
i e

t a
l. 

(2
01

9)
Ku

rd
is

ta
n

N
o 

de
ta

il
Q

ua
nt

ita
tiv

e
N

o
Ye

s
Ye

s
N

o
50

3
M

A
E 

po
si

tiv
el

y 
co

rr
el

at
ed

 w
ith

 h
av

in
g 

a 
se

co
nd

 jo
b 

(p
 =

 0
.0

03
), 

nu
m

be
r o

f n
ig

ht
 s

hi
ft

s 
(p

 =
 0

.0
01

). 
Lo

ng
 a

nd
 u

nc
on

ve
nt

io
na

l s
hi

ft
s 

lis
te

d 
at

 th
e 

m
ai

n 
ca

us
es

 b
y 

nu
rs

es
 (m

ea
n 

3.
89

 ±
 1

.2
8)

Ra
fa

t e
t a

l. 
(2

01
5)

Ir
an

N
o 

de
ta

il
Q

ua
nt

ita
tiv

e
N

o
N

o
N

o
Ye

s
10

0
Ti

re
d 

an
d 

ex
ha

us
te

d 
lis

te
d 

as
 6

th
 ra

nk
ed

 c
au

se
 o

f 
M

A
Es

 o
ut

 o
f 1

0 
op

tio
ns

 (m
ea

n 
5.

48
 ±

 3
.1

6)

TA
B

LE
 4

 
(C

on
tin

ue
d)

(C
on

tin
ue

s)

 13652702, 2023, 17-18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocn.16620 by <

Shibboleth>
-m

em
ber@

sentara.com
, W

iley O
nline L

ibrary on [24/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5452  |    BELL et al.

A
ut

ho
rs

 +
 y

ea
r

Co
un

tr
y

H
os

pi
ta

l w
ar

d 
ar

ea
M

et
ho

d
D

ef
in

iti
on

 
of

 M
A

E
M

ea
su

re
 

of
 s

le
ep

D
et

ai
ls

 
of

 h
ou

rs
 

w
or

ke
d

Fa
tig

ue
 

m
ea

su
re

m
en

t 
to

ol
Sa

m
pl

e 
(n

ur
se

s)
M

ai
n 

fin
di

ng
s

Se
ar

s 
et

 a
l. 

(2
01

3)
C

an
ad

a
Pa

ed
ia

tr
ic

Q
ua

nt
ita

tiv
e

N
o

N
o

Ye
s

Ye
s

37
2 re

po
rt

s
D

es
cr

ip
tiv

e 
st

at
is

tic
s 

id
en

tif
ie

d 
ra

tio
na

le
 fo

r t
he

 
oc

cu
rr

en
ce

 o
f p

ae
di

at
ric

 M
A

Es
 1

–5
 fa

tig
ue

 1
.8

1,
 

O
T 

1.
29

 (p
 =

 0
.0

83
)

Ro
se

m
an

 a
nd

 
Bo

ok
er

 (1
99

5)
U

SA
N

o 
de

ta
il

Q
ua

nt
ita

tiv
e

N
o

N
o

Ye
s

N
o

N
ot

 g
iv

en
O

ve
rt

im
e 

ne
ga

tiv
el

y 
as

so
ci

at
ed

 w
ith

 M
A

Es
 in

 
pe

rm
an

en
t s

ta
ff

 (p
 <

 0
.0

5,
 t 

=
 −2

.9
6)

Se
ki

 a
nd

 
Ya

m
az

ak
i (

20
06

)
Ja

pa
n

N
ep

hr
ol

og
y,

 
ca

rd
io

va
sc

ul
ar

 
m

ed
ic

in
e,

 
ne

ur
os

ur
ge

ry
 &

 
ha

em
at

ol
og

y

Q
ua

nt
ita

tiv
e

N
o

Ye
s

N
o

Ye
s

88
N

M
s 

st
ud

ie
d.

 N
M

s 
si

gn
ifi

ca
nt

ly
 m

or
e 

fr
eq

ue
nt

 o
n 

da
y 

sh
ift

s 
w

he
n 

pe
rc

ei
ve

d 
le

ve
l o

f f
at

ig
ue

 is
 lo

w
er

 
(O

R 
=

 0
.9

76
, 9

5%
 C

I: 
1.

49
0–

42
.8

83
). 

O
n 

ev
en

in
g 

sh
ift

, N
M

s 
oc

cu
r s

ig
ni

fic
an

tly
 m

or
e 

fr
eq

ue
nt

ly
 

w
he

n 
sl

ee
p 

du
ra

tio
n 

w
as

 lo
ng

er
 (O

R-
1.

24
1,

 9
5%

 
C

I: 
1.

04
9–

1.
47

0)
. N

o 
di

ff
er

en
ce

s 
on

 n
ig

ht
 s

hi
ft

s

Se
ss

io
ns

 
et

 a
l.,

 (2
01

9)
U

SA
CC

U
, I

C
U

, t
el

em
et

ry
, 

ED
, o

nc
ol

og
y,

 
m

ed
ic

al
 &

 s
ur

gi
ca

l

Q
ua

lit
at

iv
e

N
o

N
o

N
o

Ye
s

18
N

ur
se

s 
re

po
rt

 fa
tig

ue
 a

nd
 lo

ss
 o

f f
oc

us
 a

s 
a 

ba
rr

ie
r t

o 
sa

fe
 a

dm
in

is
tr

at
io

n 
of

 H
A

M
s

Sh
ah

ro
kh

i 
et

 a
l. 

(2
01

3)
Ir

an
N

o 
de

ta
ils

Q
ua

nt
ita

tiv
e

Ye
s

N
o

Ye
s

Ye
s

15
0

Ti
re

dn
es

s 
du

e 
to

 e
xc

es
si

ve
 O

T 
re

po
rt

ed
 b

y 
62

%
 (n

-9
4)

 
of

 n
ur

se
s 

as
 a

 fa
ct

or
 in

 M
A

Es
. N

ig
ht

 s
hi

ft
 re

po
rt

ed
 

as
 a

 fa
ct

or
 b

y 
22

%
 (n

 =
 3

3)
.

Sh
oh

an
i a

nd
 

Ta
va

n 
(2

01
8)

Ir
an

N
o 

de
ta

ils
Q

ua
nt

ita
tiv

e
N

o
N

o
N

o
Ye

s
12

8
Fa

tig
ue

 re
po

rt
ed

 a
s 

hi
gh

 im
po

rt
an

ce
 b

y 
58

%
 (n

 =
 7

0)
 

of
 n

ur
se

s.
 H

ig
he

st
 ra

nk
ed

.

Su
zu

ki
 e

t a
l.

Ja
pa

n
N

o 
de

ta
ils

Q
ua

nt
ita

tiv
e

N
o

Ye
s

N
o

N
o

42
79

St
at

is
tic

al
ly

 s
ig

ni
fic

an
t a

ss
oc

ia
tio

n 
be

tw
ee

n 
ex

ce
ss

iv
e 

da
yt

im
e 

sl
ee

pi
ne

ss
 a

nd
 M

A
Es

 (p
 =

 <
0.

00
01

)

Sa
le

h 
et

 a
l. 

(2
01

4)
Eg

yp
t

O
nc

ol
og

y
Q

ua
nt

ita
tiv

e
N

o
Ye

s
N

o
Ye

s
52

Si
gn

ifi
ca

nt
 n

eg
at

iv
e 

co
rr

el
at

io
n 

be
tw

ee
n 

ho
ur

s 
of

 
sl

ee
p 

an
d 

M
A

Es
. F

re
qu

en
cy

 o
f M

A
Es

 ^
 d

ur
in

g 
irr

eg
ul

ar
 s

hi
ft

 w
or

k 
an

d 
irr

eg
ul

ar
 n

ig
ht

 w
or

k

W
es

tle
y 

et
 a

l. 
(2

02
0)

U
SA

N
o 

de
ta

ils
Q

ua
nt

ita
tiv

e
N

o
N

o
Ye

s
N

o
53

72
N

ur
se

s 
w

ho
 w

or
ke

d 
ex

te
nd

ed
 h

ou
rs

 (>
60

 h
/7

 d
ay

s)
 

re
po

rt
ed

 s
ig

ni
fic

an
tly

 m
or

e 
ne

ar
 m

is
s 

al
er

ts
 

(p
 <

 0
.0

01
)

W
ilk

in
s 

an
d 

Sh
ie

ld
s 

(2
00

8)
C

an
ad

a
N

o 
de

ta
ils

Q
ua

nt
ita

tiv
e

N
o

N
o

Ye
s

N
o

43
79

M
A

Es
 s

ig
ni

fic
an

tly
 re

la
te

d 
to

 ‘u
su

al
ly

 w
or

ki
ng

 
ov

er
tim

e’
 (O

R 
1.

4,
 9

5%
 C

I: 
1.

0–
1.

8)
. 1

2-
h 

sh
ift

s 
si

gn
ifi

ca
nt

ly
 lo

w
er

 ra
te

 o
f M

A
Es

 (O
R 

0.
7,

 9
5%

 C
I: 

0.
5–

0.
9)

. N
o 

re
la

tio
ns

hi
p 

be
tw

ee
n 

w
or

ki
ng

 >
40

 h
/

w
ee

k 
(O

R 
1.

0)
 a

nd
 s

hi
ft

s 
ot

he
r t

ha
n 

da
ys

 fo
un

d 
(O

R 
1.

0)
.

Za
de

h 
et

 a
l. 

(2
01

4)
U

SA
A

cu
te

 n
ur

si
ng

 u
ni

t
Q

ua
nt

ita
tiv

e
N

o
N

o
N

o
Ye

s
12

W
or

ki
ng

 in
 a

n 
en

vi
ro

nm
en

t w
ith

 w
in

do
w

s 
si

gn
ifi

ca
nt

ly
 re

du
ce

d 
sl

ee
pi

ne
ss

 (p
 =

 0
.0

23
), 

bu
t 

th
is

 d
id

 n
ot

 s
ig

ni
fic

an
tly

 a
ff

ec
t M

A
Es

 (p
 =

 0
.1

4)

Za
re

a 
et

 a
l. 

(2
01

8)
Ir

an
N

o 
de

ta
ils

Q
ua

nt
ita

tiv
e

N
o

N
o

N
o

Ye
s

22
5

Fa
tig

ue
 re

po
rt

ed
 b

y 
40

%
 (n

 =
 9

1)
 o

f n
ur

se
s 

as
 b

ei
ng

 a
 

fa
ct

or
 in

 M
A

Es
, h

ig
he

st
 ra

nk
in

g 
ca

us
e.

TA
B

LE
 4

 
(C

on
tin

ue
d)

 13652702, 2023, 17-18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocn.16620 by <

Shibboleth>
-m

em
ber@

sentara.com
, W

iley O
nline L

ibrary on [24/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  5453BELL et al.

TA
B

LE
 5

 
PA

G
ER

 fr
am

ew
or

k

Pa
tt

er
n

A
dv

an
ce

s
G

ap
s

Ev
id

en
ce

 fo
r p

ra
ct

ic
e

Re
se

ar
ch

 re
co

m
m

en
da

tio
ns

RN
 fa

tig
ue

 h
as

 a
n 

ef
fe

ct
 o

n 
th

e 
in

ci
de

nc
e 

of
 M

A
Es

 
an

d 
N

M
s

Th
er

e 
is

 s
om

e 
ev

id
en

ce
 th

at
 R

N
s 

an
d 

nu
rs

e 
m

an
ag

er
s 

ac
kn

ow
le

dg
e 

th
at

 fa
tig

ue
 h

as
 a

 c
on

se
qu

en
ce

 
fo

r p
at

ie
nt

 s
af

et
y 

an
d 

sh
ou

ld
 b

e 
ad

dr
es

se
d

In
co

ns
is

te
nt

 e
vi

de
nc

e 
on

 h
ow

 
im

pa
ct

fu
l f

at
ig

ue
 is

 in
 th

e 
in

ci
de

nc
e 

of
 M

A
Es

 a
nd

 N
M

s

Po
lic

y 
an

d 
pr

oc
ed

ur
es

 s
ho

ul
d 

be
 p

ut
 

in
 p

la
ce

 to
 m

an
ag

e 
RN

 fa
tig

ue
. R

N
s 

sh
ou

ld
 b

e 
gi

ve
n 

th
e 

in
fo

rm
at

io
n 

an
d 

sk
ill

s 
to

 re
co

gn
is

e 
w

he
n 

th
ei

r p
ra

ct
ic

e 
is

 a
ff

ec
te

d 
by

 fa
tig

ue

Th
e 

us
e 

of
 s

ub
je

ct
iv

e 
an

d 
va

lid
at

ed
 

ob
je

ct
iv

e 
m

et
ho

ds
 o

f m
ea

su
rin

g 
fa

tig
ue

 a
re

 re
qu

ire
d.

 F
at

ig
ue

 le
ve

ls
 

ca
n 

th
en

 b
e 

co
rr

el
at

ed
 w

ith
 th

e 
in

ci
de

nc
e 

of
 M

A
Es

 a
nd

 N
M

s

Sh
ift

 w
or

k 
im

pa
ct

s 
th

e 
in

ci
de

nc
e 

of
 M

A
Es

 a
nd

 
N

M
s

G
lo

ba
lly

 th
e 

us
e 

of
 1

2-
h 

sh
ift

s 
ha

s 
be

co
m

e 
po

pu
la

r. 
Th

er
e 

is
 s

om
e 

ev
id

en
ce

 th
at

 th
ei

r u
se

 re
du

ce
s 

fa
tig

ue
 in

 R
N

s 
as

 th
ey

 a
llo

w
 R

N
s 

m
or

e 
tim

e 
to

 re
co

ve
r f

ro
m

 s
hi

ft
 

w
or

k

Re
ca

ll 
is

 o
ft

en
 u

se
d 

in
 re

po
rt

in
g 

of
 

fa
tig

ue
 le

ve
ls

 a
nd

 th
e 

in
ci

de
nc

e 
of

 M
A

Es
 a

nd
 N

M
s.

 T
hi

s 
m

ay
 

af
fe

ct
 th

e 
va

lid
ity

 o
f f

in
di

ng
s

Ro
st

er
 d

ev
el

op
m

en
t s

ho
ul

d 
al

lo
w

 fo
r 

ad
eq

ua
te

 re
st

 a
nd

 re
co

ve
ry

 b
et

w
ee

n 
sh

ift
s

Th
e 

us
e 

of
 s

ub
je

ct
iv

e 
an

d 
va

lid
at

ed
 

ob
je

ct
iv

e 
m

et
ho

ds
 o

f m
ea

su
rin

g 
fa

tig
ue

 a
re

 re
qu

ire
d.

 F
at

ig
ue

 le
ve

ls
 

ca
n 

th
en

 b
e 

co
rr

el
at

ed
 w

ith
 th

e 
in

ci
de

nc
e 

of
 M

A
Es

 a
nd

 N
M

s

Ti
m

e 
of

 d
ay

 im
pa

ct
s 

th
e 

in
ci

de
nc

e 
of

 M
A

Es
 a

nd
 

N
M

s

Q
ua

lit
y 

an
d 

am
ou

nt
 o

f p
rio

r s
le

ep
 is

 
kn

ow
n 

to
 b

e 
a 

pr
ed

et
er

m
in

an
t o

f 
fa

tig
ue

In
co

ns
is

te
nt

 e
vi

de
nc

e 
of

 th
e 

ef
fe

ct
 

of
 ti

m
e 

of
 d

ay
 o

n 
th

e 
in

ci
de

nc
e 

of
 M

A
Es

 a
nd

 N
M

s

M
ed

ic
at

io
n 

sh
ou

ld
 b

e 
pr

es
cr

ib
ed

 w
ith

 
th

e 
ef

fe
ct

 o
f t

im
e 

of
 d

ay
 o

n 
M

A
Es

 
in

 m
in

d.
 M

ed
ic

at
io

ns
 a

t n
ig

ht
 s

ho
ul

d 
be

 a
vo

id
ed

 w
he

re
 p

os
si

bl
e.

 R
os

te
r 

de
ve

lo
pm

en
t s

ho
ul

d 
be

 m
in

df
ul

 o
f 

th
e 

nu
m

be
r o

f n
ig

ht
 s

hi
ft

s 
al

lo
ca

te
d 

pe
r m

on
th

Th
e 

us
e 

of
 s

ub
je

ct
iv

e 
an

d 
va

lid
at

e 
ob

je
ct

iv
e 

m
et

ho
ds

 o
f m

ea
su

rin
g 

fa
tig

ue
 a

re
 re

qu
ire

d.
 F

at
ig

ue
 le

ve
ls

 
ca

n 
th

en
 b

e 
co

rr
el

at
ed

 w
ith

 th
e 

in
ci

de
nc

e 
of

 M
A

Es
 a

nd
 N

M
s.

 T
o 

ca
rr

y 
ou

t q
ua

nt
ita

tiv
e 

re
se

ar
ch

 m
ea

su
rin

g 
fa

tig
ue

 le
ve

ls
 w

ith
 v

al
id

at
ed

 to
ol

s 
th

ro
ug

h 
sh

ift
s 

to
 id

en
tif

y 
w

he
n 

hi
gh

 
le

ve
ls

 o
f f

at
ig

ue
 a

re
 e

xp
er

ie
nc

ed
 a

nd
 

ho
w

 th
is

 a
ff

ec
ts

 M
A

Es
 a

nd
 N

M
s

H
ou

rs
 o

f w
or

k 
im

pa
ct

s 
th

e 
in

ci
de

nc
e 

of
 M

A
Es

 a
nd

 
N

M
s

Th
e 

us
e 

of
 1

2-
h 

sh
ift

s 
ha

s 
be

en
 

qu
es

tio
ne

d 
as

 lo
ng

 w
or

ki
ng

 d
ay

s 
m

ay
 in

cr
ea

se
 R

N
 fa

tig
ue

. U
np

la
nn

ed
 

ov
er

tim
e 

ha
s 

be
en

 re
po

rt
ed

 a
s 

be
in

g 
th

e 
gr

ea
te

st
 ri

sk
.

In
co

ns
is

te
nt

 e
vi

de
nc

e 
on

 th
e 

im
pa

ct
 o

f 8
- a

nd
 1

2-
h 

sh
ift

s 
an

d 
ov

er
tim

e 
w

or
k 

on
 M

A
Es

. F
at

ig
ue

 
is

 im
pl

ie
d 

in
 s

om
e 

st
ud

ie
s,

 d
ue

 to
 

lo
ng

 w
or

ki
ng

 h
ou

rs
.

U
np

la
nn

ed
 o

ve
rt

im
e 

sh
ou

ld
 b

e 
av

oi
de

d.
 

W
he

re
 th

is
 is

 n
ot

 p
os

si
bl

e 
RN

s 
sh

ou
ld

 n
ot

 u
nd

er
ta

ke
 m

ed
ic

at
io

n 
ad

m
in

is
tr

at
io

n.
 M

ax
im

um
 h

ou
rs

 o
f 

w
or

k 
sh

ou
ld

 b
e 

m
an

da
te

d.

To
 c

ar
ry

 o
ut

 q
ua

nt
ita

tiv
e 

re
se

ar
ch

 
m

ea
su

rin
g 

fa
tig

ue
 le

ve
ls

 w
ith

 
va

lid
at

ed
 to

ol
s 

th
ro

ug
h 

sh
ift

s 
to

 
id

en
tif

y 
w

he
n 

hi
gh

 le
ve

ls
 o

f f
at

ig
ue

 
ar

e 
ex

pe
rie

nc
ed

 a
nd

 h
ow

 th
is

 a
ff

ec
ts

 
M

A
Es

 a
nd

 N
M

s

 13652702, 2023, 17-18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jocn.16620 by <

Shibboleth>
-m

em
ber@

sentara.com
, W

iley O
nline L

ibrary on [24/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



5454  |    BELL et al.

desynchronisation of RNs internal circadian clock relative to their 
sleep–wake pattern, making it difficult to obtain sufficient sleep be-
tween shifts (Asaoka et al., 2012; Zadeh et al., 2014). Furthermore, 
short breaks between shifts may restrict the opportunity for sleep, 
resulting in the nurses feeling fatigued (Deans,  2005; Di Simone 
et al.,  2020; Suzuki et al.,  2005). One study found that MAEs in-
creased frequency when RNs worked irregular shifts with additional 
unplanned overtime (Saleh et al., 2014). The Saleh study concluded 
that irregular sleep patterns were a result of RNs working rotating 
shifts with additional overtime work significantly contributing to 
MAEs (p = 0.000). Similarly, Asaoka et al. (2012) found that symp-
toms of fatigue, which were subjectively relevant to their shift work 
schedule, were experienced by 24.4% of participants (n = 242). The 
RNs with fatigue symptoms were significantly more likely to report 
a NM and MAE compared to those without symptoms (p < .001). 
However, there was no significant difference in the reporting of ac-
tual MAEs between the RNs with fatigue symptoms and those with-
out (χ2 = 2.79, n.s).

Registered nursess have reported that the time of day they work 
their shift is a contributing factor to their physical and mental fatigue, 
with the most fatigue reported during night shifts (Groves et al., 2020; 
Piroozi et al., 2019; Saleh et al., 2014; Shohani & Tavan, 2018). The 
number of night shifts RNs' worked in the past month was positively 
correlated with the number of MAEs and NMs they are involved in 
(Piroozi et al.,  2019). Quality and duration of sleep when working 
night shifts was significantly poorer as compared with day shifts (Gold 

TA B L E  7  Measure of sleep used

Study Measure of sleep

Asaoka et al. (2012) Questionnaire as part of nurses' 
sleep health project

Deans, (2005) Self-reported ‘lack of sleep’

Di Simone et al., (2020) Pittsburgh sleep Quality Index–
Italian version (Curcio 
et al., 2012)

Gold et al., (1992) Self-reported wake and sleep times 
for 1 week and quality of sleep

Groves et al. (2020) SSI question asking about sleep 
habits

Harkanen et al. (2017) Retrospective incident reports 
with free text descriptions of 
contributing factors to MAE

Liu et al. (2012) Validated logbook (Cronbach's 
alpha 0.96)

Murphy & White (2012) Self-reported ‘lack of sleep’

Piroozi et al. (2019) Self-constructed questionnaire 
(Cronbach's alpha 0.81)

Seki and Yamazaki, (2006) Unvalidated self-constructed 
questionnaire

Suzuki et al., (2005) Pittsburgh sleep Quality Index–
Japanese version (Doi 
et al., 1998)

Saleh et al., (2014) American Academy of Sleep 
Medicine 2-week sleep diary

TA B L E  6  Definitions of MAEs used

Reference Definition Studies using

National Coordinating 
Council for Medication 
Error Reporting and 
Prevention, (2021)

A medication errors is an event which is preventable. The error may cause 
medication to be used in an appropriate manner or cause patient harm whilst a 
healthcare professional, patient or consumer is in control of said medication

Ali et al., (2020); Baghaei 
et al., (2015); Fathi 
et al., (2017); Hassan 
et al., (2009); Jassima 
& Ebrahim, (2020)

Cesur, (1988); Becker et al., 
(1978); Osbourne et al., 
(1999)

A medication error is defined as (i) incorrect drug dose administered, (ii) drug 
administered to the wrong patient, (iii) drug administered at the wrong time, 
(iv) duplicate doses being administered to the same patient, (v) wrong drug 
administered, (vi) drug not administered, (vii) drug administered without an order

Karadeniz and 
Cakmakci (2002)

Mayo & Duncan, (2004) A deviation from the order of a physician Mayo & Duncan, (2004)

(i) Headford et al., (2001)
(ii) Wolf, (1989)

(i) MAE defined by medical doctors as any medication dose which deviates from 
a physician's medication order which is written in the patient's chart. (ii)
Nurses define MAEs as mistakes which are associated with both medication 
and intravenous solutions which occur during any of the phases of medication 
preparation and distribution; prescribing, transcribing, dispensing and 
administration

Oshikoya et al., (2013)

PSNet Patient Safety 
Network, (2017)

A medication error occurs when process which are put in place to protect patients 
are not followed. They can occur anytime from when the medication is ordered 
until the medication is given to the patient. Medication error may and may not 
result in harm to the patient

Sessions et al., (2019)

Zhang et al. (2002) A medication error occurs when the method of care chosen by the healthcare 
provider is inappropriate or when the correct method of care has been chosen 
but it is not executed correctly

Saleh et al., (2013)

Zarea et al., (2018) A medication errors is an avoidable event which may lead to medicines being used in 
an inappropriate was and can cause adverse events for the patient

Zarea et al., (2018)
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et al.,  1992), impacting both RN recovery and their ability to carry 
out their duties safely on subsequent shifts (Piroozi et al., 2019). A 
link between misalignment of circadian phase when working at night 
and/or rotating shifts and increased error rate on performance tasks 
was found in several studies (Asaoka et al., 2012; Piroozi et al., 2019; 
Shohani & Tavan, 2018). However, these studies relied on RNs recall 
of MAEs or NMs, some for as long as the past 12 months. In contrast, 
a study undertaken in Japan found that no significant difference 
in the occurrence of NMs between shift types (i.e. day, afternoon 
and night shifts) (Seki & Yamazaki, 2006). Seki and Yamazaki (2006) 
used objectives measures of fatigue, and the RNs were asked about 
the occurrence of NMs daily, thus reducing recall bias. Wilkins and 
Shields (2008) also reported that time of shift had no correlation to 
MAEs with RNs recall on the occurrence of MAEs being used.

3.3.2  |  Shift length

Six studies in this review reported RNs working long hours as being 
a factor impacting MAEs (Fathi et al.,  2017; Kiymaz & Koç,  2018; 
Lui et al., 2012; Olds & Clarke,  2010; Piroozi et al.,  2019; Sears 
et al., 2013). Piroozi et al.  (2019) reported it as being the most im-
portant cause of MAEs to their respondents (n  =  366). Piroozi 
et al.'s (2019) study asked RNs to rate 10 statements regarding the 
causes of MAEs using a visual analogue scale. A score of one indi-
cated the RN believed fatigue had little to no importance to MAEs 
and a score of five as strong importance. Long and unconventional 
shifts scored a mean of 3.89 ± 1.28, though no definition was given 
for unconventional shifts. Similarly, in a Turkey, long working hours 
was thought to be a reason for MAE by 72% (n = 36) of RNs (Kiymaz 
& Koç, 2018). Again, these RNs were given a list of causes and asked 

to pick those that they thought had contributed to MAEs they had 
made. Conversely, a Canadian study with a sample of 18, 676 RNs 
found that those who worked 12-h shifts reported the likelihood of 
a self-recalled MAE in the past 12 months as significantly less than 
those working eight-hour shifts (Wilkins & Shields, 2008). The shifts 
worked in this study were planned 12-hour shifts, and the RNs were 
not working overtime. Additionally, Campbell et al.  (2021) found 
that the number of additional 2-h time periods worked during a one-
week timeframe did not statistically predict the occurrence of a NMs 
(p = 0.7001). A study of 252 RNs in South Korea found no signifi-
cant statistical difference in MAE rates between those working 12-h 
shifts and those working 8-h shifts (Hong et al., 2021). These 12-h 
shifts were planned and did not involve the RNs working any over-
time. The Hong et al. (2021) study used a validated tool to measure 
fatigue levels in RNs, finding the rates of chronic fatigue were lower 
for those working 12-h than those working 8 h, with no statistical 
difference in acute fatigue levels. Whilst we found mixed results on 
the associations of shift length with MAEs, all the studies mention-
ing hours of work stated working long hours or overtime as predic-
tive of high levels of fatigue. Despite this, fatigue levels were not 
actually subjectively or objectively measured.

3.3.3  |  Overtime work

Overtime work was also associated with MAEs. A study by Liu 
et al. (2012) found a strong association between RNs working over-
time and NMs (p = 0.00). This study used a logbook to record hours 
of work and NMs over a period of 3 months. Similarly, a linear trend 
was found by Olds and Clarke (2010) between voluntary overtime 
and MAEs. Regular overtime was linked to a 30% increased risk of 

Study Details of work measure

Ali et al. (2020) Self-reported second jobs or study commitments

Asaoka et al. (2012) Questionnaire as part of nurses' sleep health project

Campbell et al. (2021) Retrospective hospital records of hours worked in previous 7 days

Fathi et al. (2017) Self-constructed questionnaire (Cronbach's alpha 0.81)

Groves et al. (2020) SSI question asking about typical workday

Jassima & Ebrahim 
(2020)

Unvalidated questionnaire

Kiymaz & Koç (2018) Unvalidated questionnaire

Olds and Clarke (2010) Self-reported hours of work and overtime in the past year

Oshikoya et al. (2013) Unvalidated questionnaire

Piroozi et al. (2019) Self-constructed questionnaire (Cronbach's alpha 0.81)

Sears et al. (2013) The paediatric medication administration error survey tool

Roseman and 
Booker (1995)

Retrospective hospital records of overtime worked in previous 
month

Shahrokhi et al. (2013) Self-constructed questionnaire (Cronbach's alpha 0.86)

Westley et al. (2020) Retrospective hospital records of hours worked in previous 7 days

Wilkins and 
Shields (2008)

National Survey of the Work and Health of Nurses, Canada

TA B L E  8  Measure of details of work 
used
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reporting MAEs. This study also reported that RNs working more 
than 40 h per week were 28% more likely to report occasional or 
frequent MAEs than those working less than 40 h per week, and 
this increased by 2% for every additional hour of voluntary over-
time worked. Similarly, Wilkins and Shields  (2008) found that RNs 
who worked overtime, 22% recalled being involved in a MAE in 
the past 12 months, as opposed to 14% of those who did not work 
overtime (p < 0.05) and had made a MAE. Moreover, in Iran, RNs 
ranked tiredness due to ‘excessive overtime work’ as a contribut-
ing factor to MAEs by 62.6% of the participants (n = 94) (Shahrokhi 
et al.,  2013). RNs were asked to rank factors from a preprepared 
list, and no definition of ‘excessive overtime’ was given. A qualitative 
study by Ali et al. (2020) reported RNs feeling that their colleagues 
who are working a second job or are studying arrived to work tired 
and therefore were more prone to errors. However, Roseman and 
Booker (1995) found that working overtime does not affect or even 
reduces the likelihood of MAEs. Data for this study was retrospec-
tive, extracted from a medical centre's database for a five-year pe-
riod. The frequency of MAEs appeared to differ based on how MAEs 
were defined and reported by RNs.

3.3.4  |  Sleep restriction

Several studies found that short sleep duration was associated with 
an increased likelihood of MAEs. Murphy and While (2012) report 
that 61% (n  =  140) of RNs said a lack of sleep was the cause of 
MAEs; however, their data collection methods relied on RNs recall 
of MAEs that occurred under these conditions. A significant nega-
tive correlation between average sleep hours and MAEs (p = 0.35) 
was found by Saleh et al. (2014). Method of data collection for this 
study was through a sleep diary kept by nurses for over 2 weeks to 
record hours of sleep. Conversely, lack of sleep was reported by 
only 16.5% (n = 13; N = 154) of RNs as contributing to MAEs based 
on error recall in the last 4 weeks (Deans,  2005). Interestingly, a 
study carried out in Japan which asked participants about their 
sleep behaviour over the last month found that RNs who reported 
sleep issues such as insomnia were at no greater risk of involvement 
in MAEs (Asaoka et al., 2012). RNs who were in fact experiencing 
symptoms of fatigue may not have met these sleep criteria, such 
as those suffering from acute fatigue, and this may have affected 
these findings.

TA B L E  9  Measure of fatigue used

Study Measure of fatigue

Aghaei et al. (2020) Occupational safety climate questionnaire (Zarei et al., 2016)

Asaoka et al. (2012) Questionnaire as part of nurses' sleep health project

Baghaei et al. (2015) Self-constructed questionnaire (Cronbach's alpha 0.78)

Bolandianbafghi et al. (2017) Herzberg's job satisfaction and fatigue questionnaire (Herzberg, 1966)

Deans (2005) Self-reported ‘fatigue’

Ehsani et al., (2013) Self-constructed questionnaire (Cronbach's alpha 0.91)

Fathi et al. (2017) Self-constructed questionnaire (Cronbach's alpha 0.81)

Gorgich et al. (2016) Self-constructed questionnaire (Cronbach's alpha 0.89)

Groves et al. (2020) SSI question asking about fatigue levels

Harkanen et al. (2017) Retrospective incident reports with free text descriptions of contributing factors to MAE

Hassan et al. (2009) Questionnaire adopted from Mayo and modified Gladstone (Mayo & Duncan, 2004)

Hong et al. (2021) Occupational Fatigue Exhaustion Recovery Scale Korean version (Winwood et al., 2005)

Jassim & Ebrahim, 2020 Unvalidated self-constructed questionnaire

Karadeniz and Cakmakci (2002) Unvalidated questionnaire

Mayo and Duncan (2004) Modified Gladstone survey (Gladstone, 1995)

Murphy and While (2012) Self-reported ‘fatigue’

Rafat et al. (2015) Self-constructed questionnaire (Cronbach's alpha 0.84)

Sears et al. (2013) Self-constructed survey tool (No Cronbach's alpha given, states received face, content and 
construct validity)

Seki and Yamazaki (2006) Unvalidated self-constructed questionnaire

Sessions et al. (2019) SSI question regarding factors that interfere with the safe administration of medications

Shahrokhi et al. (2013) Self-constructed questionnaire (Cronbach's alpha 0.86)

Saleh et al. (2014) Modified fatigue severity scale (Chalder et al., 1993)

Zadeh et al. (2014) Observation of subsidiary behaviours related to sleepiness (e.g. yawning, eye rubbing, etc.) and 
visual ecological assessment (Stone & Shiffman, 1994)

Zarea et al. (2018) Self-constructed questionnaire (Cronbach's alpha 0.8)
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4  |  DISCUSSION

This scoping review set out to examine the effect of fatigue on 
MAEs and NMs by registered nurses working in hospital settings. 
Thirty-eight studies were ultimately included as they reported on 
findings related to the effect of RNs fatigue on the incidence of 
MAEs and NMs in hospitals. Of the 38 included studies, 31 of them 
found fatigue to be a contributing factor in MAEs and NMs. Many 
studies did not provide a definition of MAEs, and there was incon-
sistency in the definitions of those that did. A common definition 
of MAE would have been helpful in the comparison of findings. It 
was surprising to find that a large number (n  =  11) of the studies 
were conducted in Iran. This finding may be based on the report-
ing of higher rates of MAEs than in other parts of the world which 
may have prompted these studies (Vaziri et al.,  2019). Working 
a 24-h rotating roster can lead to problems with sleep, which this 
review found increased the incidence of MAEs. However, there 
was some inconsistency in this finding with two studies not find-
ing sleep to significantly impact MAEs or NMs (Asaoka et al., 2012; 
Deans, 2005). Hours of work were also found to impact MAE rates, 
but again, there was inconsistency across the findings. These in-
consistencies are supported by another study that report a direct 
relationship of shift length associated with quality of care, but not 
with medical errors (Jarrar et al., 2018). Of interest, authors from the 
same study (Jarrar et al., 2019) found that shift length indirectly af-
fects nurses' perceived medication error. Planned longer shifts, such 
as 12-h shifts, appear to have less significance on the incidence of 
MAEs than unplanned overtime (Hong et al., 2021; Liu et al., 2012, 
Olds & Clarke, 2010; Wilkins & Shields, 2008). This has implications 
for nurse managers when developing rosters, as RNs working over-
time is a factor which can be prevented and warrants further study.

Whilst not all studies collected data on NMs, there appears to 
be some differences in the findings for MAEs and the finding for 
NMs in some of those that did. Two studies (Asaoka et al., 2012; Liu 
et al., 2012) found that NM rates were positively correlated with fa-
tigue but the rates of actual MAEs were not significantly higher. This 
would suggest that fatigue may contribute to RNs initially making 
errors; however, they were able to detect these errors prior to pro-
ceeding to administer the medication to the patient. This may be due 
to the systems and processes in place, such as double checking of 
medications, working to prevent these errors. Nonetheless, follow-
ing the layers of the Swiss cheese model, errors not detected early 
could easily contribute to a MAE.

Fatigue is a multifaceted concept (Billones et al.,  2021). This 
review found that many of the studies used only one measure to 
indicate fatigue. The use of one measure may affect the validity of 
the findings in these studies as there may have been other factors 
contributing to the fatigue levels of the RNs which were not mea-
sured or controlled for. For example, the use of hours of work does 
not consider the quantity and quality of sleep in the previous 24 h. In 
general, this review found that data were collected on hours of work, 
quantity and quality of sleep and fatigue levels. The heterogeneity of 
the data collected to indicate fatigue may explain the inconsistency 

in the findings reported in this review. Further research using multi-
ple methods to collect data on the many factors which may contrib-
ute to fatigue is indicated. This will allow for more reliable and valid 
reporting of the effect of RNs' fatigue on the incidence of MAEs and 
consequent implications for education and practice.

This review found that many of the studies relied on subjective 
data alone, both on fatigue and on the incidence of MAEs. RNs were 
asked to recall when they were involved in MAEs and what factors 
they felt contributed to the error. This method of data collection is 
subject to both recall bias as RNs may not accurately remember pre-
vious events (Coughlin, 1990) and social desirability bias as RNs may 
not want to admit their mistakes (Wu & Marks,  2013). The study 
conducted by Di Simone et al. (2020) demonstrated the lack of reli-
ability found in the use of subjective measures. This study found that 
of 446 RNs surveyed, 60.1% (n = 268) reported self-perceived sleep 
quality as good to excellent; however, when these same RNs un-
dertook a validated measure of sleep, the Pittsburgh Sleep Quality 
Index, their scores indicated poor sleep quality. The use of objec-
tive measures, such as activity monitors to measure sleep duration, 
along with subjective measures will add validity to study findings. 
Furthermore, given the diverse methods and findings of the included 
studies, it is critical that future large-scale studies address MAE in-
cidence and factors that contribute to MAEs using validated and/or 
objective measures.

5  |  CONCLUSION

The evidence on the impact of RNs fatigue on the incidence of MAEs 
and NMs is inconsistent. This review found that some studies re-
ported fatigue as being highly significant, whilst others report mini-
mal or no contribution. Heterogeneity was found in the methods of 
measuring fatigue, and this may account for the mixed results that 
were reported. Future studies need to consider mediation or mod-
eration factors to explain these inconsistencies. Further larger-scale 
studies are needed to comprehensively understand and measure the 
impact of fatigue on MAEs. Additionally, a more globally recognised 
and clearer definitions of MAEs and NMs is warranted.

6  |  RELE VANCE FOR CLINIC AL PR AC TICE

Table 6 reports on the patterns, advances, gaps, evidence for prac-
tice and research recommendations (PAGER) arising from this review.

Whilst the introduction of electronic medical records has shown 
some reduction in the incidence of MAEs (Westbrook et al., 2020), 
there is still much room for improvement in systems and practices 
of medication administration (World Health Organisation,  2017a, 
2017b). It is imperative that there is a good understanding of the 
factors which contribute to MAEs. Effective initiatives need to be 
put in place to reduce MAE rates. If fatigue is found to be contrib-
uting to MAEs, the nursing profession needs to begin implementing 
fatigue management systems like those which are currently being 
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used in aviation and long-distance truck driving so that patients can 
be protected and delivered safe and quality care.

Fatigue in nurses has been exacerbated during COVID-19 and 
is impacting staff retention. Studies have reported that RNs in-
tention to leave the profession has been directly affected by the 
COVID-19 pandemic with nurses globally reporting that they will 
leave the workforce (International Council of Nurses, 2020; Maben 
& Bridges, 2020). High levels of attrition due to Covid-19 coupled 
with natural attrition will add extra pressure on RNs to work ex-
tended hours and additional shifts to meet the shortfalls in staff-
ing (International Council of Nurses, 2021). The loss of experienced 
RNs will place huge pressure on newly graduated RNs joining the 
workforce, which can only add to their feelings of fatigue (Raso 
et al.,  2021). Therefore, understanding how RNs fatigue impacts 
MAEs is of vital importance for the profession. Moreover, the use 
of overtime should be limited where possible to reduce MAEs. 
Importantly, policies around safe working hours need to be re-
evaluated and fatigue management systems put in place to ensure 
delivery of safe and quality patient care.
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