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Abstract
Objectives: Shift-	work	nurses	are	at	a	higher	risk	of	inadequate	recovery	from	
fatigue	and	developing	maladaptive	fatigue	with	significant	health	consequences.	
Therefore,	 it	 is	necessary	to	monitor	fatigue	and	recovery	levels	with	a	reliable	
scale.	 We	 investigated	 psychometric	 properties	 of	 the	 Japanese	 version	 of	 the	
Occupational	Fatigue	Exhaustion	Recovery	scale	(OFER-	J)	for	shift-	work	nurses.
Methods: Japanese	shift-	work	nurses	responded	to	self-	administered	question-
naires	at	baseline	(n = 942)	and	one	month	later	(n = 334).	The	confirmatory	fac-
tor	analysis	(CFA)	and	exploratory	factor	analysis	(EFA)	were	conducted	to	verify	
the	structural	validity	and	the	correlation	analysis	and	one-	way	analysis	of	vari-
ance	were	conducted	to	test	the	construct	and	discriminative	validity.	Cronbach's	
alpha	coefficient,	intra-	class	correlation	coefficient	(ICC),	and	smallest	detectable	
change	(SDC)	were	calculated	to	assess	reliability.
Results: The	CFA	showed	high	correlations	between	the	factors	and	whilst	the	
goodness-	of-	fit	of	the	three-	factor	model	was	suboptimal,	it	was	in	an	acceptable	
range.	 Most	 modifications	 included	 the	 error	 covariance	 of	 the	 Acute	 Fatigue	
(AF)	and	Intershift	Recovery	(IR)	items.	The	EFA	showed	that	Chronic	Fatigue	
(CF)	and	AF	were	not	clearly	separated,	indicating	that	the	two	AF	items	dropped	
out.	Construct	and	discriminative	validity	were	also	well	indicated.	Cronbach's	
alpha	 coefficients	 were	 0.75–	0.85.	 Only	 CF	 showed	 sufficient	 reproductivity	
(ICC = 0.74).	The	SDC	for	CF,	AF,	and	IR	was	14.0,	17.1,	and	18.7,	respectively.
Conclusions: The	validity	and	reliability	of	the	OFER-	J	were	verified	as	accept-
able	for	shift-	work	nurses.	The	OFER-	J	could	contribute	to	a	data-	based	approach	
to	fatigue	management	in	nursing	management	practice.
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1 	 | 	 INTRODUCTION

Shift-	work	is	an	essential	work	system	in	nursing	to	pro-
vide	 patients	 with	 24-	h	 care.	 However,	 this	 work	 sys-
tem	is	a	potential	source	of	serious	work-	related	fatigue.	
Previous	studies	have	shown	that	nurses	who	work	in	ro-
tation	 shift	 have	 higher	 levels	 of	 fatigue	 compared	 with	
day	or	fixed-	shift	nurses.1 The	impacts	of	nurses’	fatigue	
are	wide-	ranging	and	serious	problem:	for	example,	previ-
ous	studies	have	shown	that	nurses’	fatigue	reduces	their	
work	performance,2	 increases	 the	 risk	of	medical	error,3	
and	occupational	injuries.4 Maintaining	safe	working	con-
ditions	within	nursing	requires	appropriate	management	
to	minimize	fatigue	among	shift-	work	nurses.

It	 is	 thus	 important	 to	 have	 scales	 that	 can	 reliably	
monitor	fatigue	within	work	settings.	Work-	related	fatigue	
in	nurses	has	been	identified	as	both	acute	and	chronic.5	
Depleted	energy	at	the	end	of	a	work	is	evidence	of	acute	
fatigue.	Comparatively,	chronic	fatigue	manifests	as	a	more	
serious	and	maladaptive	fatigue	state	which	can	seriously	
undermine	health.	Chronic	 fatigue	 is	a	prolonged	condi-
tion	 that	 causes	negative	emotions	and	 inefficient	action	
patterns	in	workers6	and	has	more	significant	negative	ef-
fects	on	nurses.	Nursing	tasks	are	physically	and	mentally	
demanding,	 and	 shift-	work	 nurses	 are	 required	 to	 work	
long	shifts	(e.g.,	12 h),	resulting	in	high	levels	of	acute	fa-
tigue.2	Acute	fatigue	is	generally	relieved	by	regular	rest.7	
However,	shift-	work	in	nursing	often	involves	short	periods	
of	rest	between	shifts	(quick	return)	due	to	overtime	and	
irregular	shift	schedules.8	Such	working	conditions	cause	
poor	 sleep	 quality9	 compromising	 recovery	 from	 fatigue.	
Due	to	acute	fatigue	and	low	levels	of	recovery,	shift-	work	
nurses	are	at	a	higher	risk	of	developing	chronic	fatigue.10	
Among	nurses,	quick	return	increases	the	risk	of	accidents	
that	harm	nurses,	patients,	and	facility	equipment11	due	to	
fatigue	and	sleep	deprivation.	Hence,	to	minimize	these	ef-
fects,	the	monitoring	of	interrelated	acute	fatigue,	chronic	
fatigue,	and	recovery	levels	is	needed	to	detect	the	signs	of	
the	accumulation	of	fatigue	at	an	earlier	stage.

In	 previous	 studies,	 the	 Multidimensional	 Fatigue	
Inventory,12	 the	 Chalder	 Fatigue	 Scale,13	 the	 Fatigue	
Assessment	 Scale,14  	 the	 Jikaku-	sho	 shirabe,15	 and	 the	
Cumulative	 Fatigue	 Symptom	 Index16  have	 been	 used	 to	
assess	nurses’	fatigue.	The	Need	for	Recovery	Scale17	and	
the	Recovery	Experience	Questionnaire18 have	been	used	
to	measure	recovery.	However,	these	scales	were	developed	
to	measure	either	acute	fatigue,	chronic	fatigue,	or	recov-
ery	levels.	Combining	them	in	one	study	leads	to	a	burden-
some	long	questionnaire.	Therefore,	a	brief	scale	capable	
of	measuring	all	three	factors	simultaneously	was	needed.

Winwood	 et	 al.	 (2005)	 developed	 the	 Occupational	
Fatigue	 Exhaustion	 Recovery	 scale	 (OFER)	 to	 measure	
acute	 fatigue,	 chronic	 fatigue,	 and	 intershift	 recovery	

levels.19	 A	 revised	 version	 of	 the	 OFER	 was	 published	
in	2006.6 The	OFER	is	a	brief	scale	that	 imposes	a	 lesser	
burden	on	respondents	and	can	be	easily	adapted	to	work	
settings.	To	date,	translations	of	the	OFER	have	been	de-
veloped	 for	 nurses	 in	 Lebanon,20	 China,21	 and	 Korea,22	
and	 the	 psychometric	 properties	 of	 these	 versions	 have	
been	 validated.	 However,	 the	 Japanese	 version	 of	 OFER	
(OFER-	J)	has	not	yet	been	developed.	In	Japan,	the	length	
of	 shifts	 has	 transitioned	 to	 longer	 hours,	 with	 many	
nurses	working	16-	h	night	shifts,	which	are	unprecedented	
in	other	countries.	Even	more	challenging,	21.0%	of	nurses	
reported	that	they	had	to	undertake	consecutive	shifts	with	
quick	return	in	a	month.23	A	further	survey	revealed	that	
41.5%	 of	 nurses	 reported	 experiencing	 rest	 intervals	 of	
<8 h	between	shifts.24	Such	work	patterns	seriously	com-
promise	nurses’	health	and	patients’	safety.	It	is,	therefore,	
imperative	to	develop	the	OFER-	J,	and	to	inform	strategies	
to	reduce	fatigue	among	Japanese	shift-	work	nurses.

1.1	 |	 Objectives

We	developed	the	OFER-	J	and	examined	its	validity	and	
reliability	for	registered	nurses	and	midwives	engaged	in	
shift-	work	in	hospitals.

1.2	 |	 Hypotheses

We	hypothesized	 that	 the	OFER-	J	would	have	adequate	
internal	 consistency,	 test-	retest	 reliability,	 and	 a	 three-	
factor	model	structure.	According	to	Winwood	et	al.,	each	
subscale	of	the	OFER	measures	the	following6,19:

1.	 Chronic	 Fatigue	 (CF):	 a	 complex	 of	 mental,	 physi-
cal,	 and	 emotional	 component	 (including	 depressive	
element).

2.	 Acute	Fatigue	(AF):	an	inability	and/or	unwillingness	
to	engage	with	normal	activities	(including	self-	chosen	
pleasure	activities)	as	a	direct	consequence	of	previous	
activity.

3.	 Intershift	 Recovery	 (IR):	 the	 extent	 to	 which	 acute	
work-	related	 fatigue	 is	 perceived	 to	 have	 been	 recov-
ered,	 or	 dissipated,	 by	 the	 time	 the	 next	 work	 shift	
commences.

To	 test	 construct	 validity,	 the	 Japanese	 version	 of	
the	 Multidimensional	 Fatigue	 Inventory	 (MFI-	J),25	
the	 Short	 Form	 Health	 survey-	36	 (SF-	36-	J),26	 and	 the	
Pittsburg	Sleep	Quality	Index	(PSQI-	J)27	were	used.	For	
the	 CF,	 we	 considered	 that	 the	 MFI	 as	 a	 multidimen-
sional	chronic	fatigue	scale12	and	the	Mental	Health	in-
cluded	 in	 the	 SF-	36	 would	 be	 useful.6,19	 Similarly,	 the	
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Vitality	 and	 other	 subscales	 included	 in	 the	 SF-	36-	J	
would	 be	 useful	 for	 the	 AF.	 Regarding	 the	 IR,	 related	
studies21,22	reported	correlations	between	the	IR	and	the	
global	score	of	the	PSQI.	Thus,	the	following	hypotheses	
are	proposed:

1.	 The	 CF	 score	 is	 positively	 correlated	 with	 the	 MFI-	J	
total	 score	 and	 negatively	 correlated	 with	 the	 SF-	36-	J	
Mental	 Health	 score.

2.	 The	AF	score	correlates	negatively	with	the	following	
subscales	 of	 the	 SF-	36-	J:	 Vitality,	 Role	 Physical,	 Role	
Emotional,	and	Social	Functioning.

3.	 The	IR	scores	are	negatively	correlated	with	the	global	
score	of	the	PSQI-	J.

We	assumed	that	all	correlations	will	be	moderate	or	
high	(correlation	coefficient ≥ 0.30).28	Additionally,	based	
on	previous	studies,2,29,30	the	discriminative	validity	of	the	
OFER-	J	was	tested	by	comparing	work-	related	character-
istics	among	the	participants.

2 	 | 	 MATERIAL AND METHODS

2.1	 |	 Development of Japanese version of 
the OFER

The	 permission	 to	 develop	 the	 OFER-	J	 was	 obtained	
from	the	original	author	(PCW).6	Four	researchers	(SY,	
MS,	 NS,	 and	 RY)	 in	 nursing	 translated	 the	 OFER	 into	
Japanese.	SY	is	a	doctoral	student	with	a	master's	degree	
in	nursing	and	a	registered	nurse.	MS	is	a	lecturer	with	
a	Ph.D.	in	health	sciences,	NS	is	an	associate	professor	
with	 a	 Ph.D.	 in	 health	 sciences,	 and	 RY	 is	 a	 professor	
with	a	Ph.D.	in	nursing.	Each	researcher	independently	
translated	the	OFER,	and	the	results	were	compared	and	
discussed	 to	ensure	 that	 the	 text	and	content	were	ap-
propriate	and	understandable	to	nurses.	When	all	 four	
researchers	agreed,	a	provisional	OFER-	J	was	produced.	
Next,	a	back	translation	of	the	provisional	OFER-	J	was	
undertaken	 by	 an	 English	 native	 translator,	 while	 si-
multaneously	 checking	 for	 cultural	 equivalence.	 The	
OFER-	J	was	sent	 to	 the	original	author	 to	confirm	the	
semantic	equivalence	several	times	until	their	final	ap-
proval	was	obtained.	The	contents	of	each	item	were	re-
viewed	and	validated	by	five	researchers	in	nursing	with	
clinical	experience.

2.2	 |	 Study design and participants

This	study	using	an	anonymous	self-	administered	ques-
tionnaire	 was	 conducted	 from	 January	 to	 March	 2021.	

A	total	of	1,188	nurses	working	in	fifty-	five	wards	in	six	
hospitals	from	three	cities	in	Japan	were	included	in	the	
study.	To	examine	the	test-	retest	reliability,	the	partici-
pants	in	one	out	of	six	hospitals	were	asked	to	complete	
the	 questionnaire	 twice.	 They	 were	 asked	 to	 complete	
the	 second	 OFER-	J	 one	 month	 after	 the	 first	 distribu-
tion.	Two	things	were	considered	when	the	 interval	of	
one	month	was	decided:	the	OFER	is	a	scale	that	meas-
ures	the	state	of	fatigue	and	recovery	in	the	two	preced-
ing	months6	and	the	effect	of	the	respondents’	memory.	
The	two	responses	were	corresponded	using	anonymous	
IDs	 comprising	 continuous	 numbers	 assigned	 to	 the	
questionnaires.

The	participants	were	registered	nurses	and	midwives	
who	 provide	 direct	 patient	 care,	 were	 full-	time	 employ-
ees,	 and	 engaged	 in	 shift-	work	 in	 the	 inpatient	 wards.	
The	 exclusion	 criteria	 were	 as	 follows:	 (1)	 nurse	 man-
agers;	 (2)	 outpatient,	 laboratory,	 and	 operating	 depart-
ments;	 (3)	nurses	with	 less	 than	one	year	of	experience;	
and	 (4)	nurses	on	 leave.	The	sample	size	was	calculated	
to	be	n = 910	for	the	confirmatory	factor	analysis	to	test	
the	structural	validity,	with	α = 0.05,	power = 0.80,	root-	
mean-	square	error	of	approximation = 0.040,	and	degrees	
of	freedom = 87.31 The	response	rate	was	assumed	as	80%,	
and	the	final	number	of	distributions	was	set	at	1250,	con-
sidering	the	missing	data.

This	study	was	approved	by	the	Ethical	Review	Board	
of	the	University	to	which	the	authors	are	affiliated	(ap-
proval	number:	20–	49)	and	was	conducted	in	accordance	
with	the	Declaration	of	Helsinki.

2.3	 |	 Data collection

The	 questionnaires	 were	 distributed	 to	 all	 participants	
by	 the	 administrators.	 The	 location	 and	 timing	 of	 the	
responses	 to	 the	 questionnaire	 were	 not	 specified.	 After	
completing	the	questionnaire,	the	participants	sealed	the	
questionnaire	 in	 an	 envelope	 and	 deposited	 it	 in	 a	 box	
placed	in	each	ward.	The	response	period	was	set	for	two	
weeks	after	distribution.

2.4	 |	 Instruments

2.4.1	 |	 Occupational	Fatigue	Exhaustion	
Recovery	Scale

We	used	the	OFER-	J	as	described	above.	The	scale	con-
sists	of	15	items,	with	5	items	each	for	CF,	AF,	and	IR.	All	
items	are	based	on	a	7-	point	Likert-	type	scale	(0 = strongly 
disagree	 to	 6  =  strongly agree),	 and	 items	 9,	 10,	 11,	 13,	
and	 15	 were	 reverse-	coded.	 The	 following	 formula	 was	
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used	 to	 calculate	 the	 standardized	 score	 (range,	 0–	100)	
for	each	subscale	from	the	response	results:

For	AF	and	CF,	a	higher	standardized	score	indicated	
a	higher	degree	of	chronic	or	acute	fatigue,	while	a	higher	
standardized	 score	 for	 IR	 indicated	 a	 better	 degree	 of	
recovery.

2.4.2	 |	 Multidimensional	Fatigue	Inventory

We	used	the	MFI-	J	which	has	been	verified	for	reliability	
and	validity	among	Japanese	workers.25 The	MFI-	J	con-
sists	of	20	items	with	five	subscales.	Total	scores	(range,	
20–	100),	 where	 higher	 values	 indicate	 more	 severe	 fa-
tigue,	were	used	in	this	analysis.	In	this	study,	Cronbach's	
alpha	coefficient	was	0.88.

2.4.3	 |	 Pittsburgh	Sleep	Quality	Index

Subjective	 sleep	 quality	 was	 measured	 using	 the	
PSQI-	J.27  This	 study	 only	 used	 the	 18	 items	 that	 were	
answered	by	the	participants.	The	PSQI-	J,	comprising	of	
seven	components	(range	of	subscale	scores = 0–	3),	and	
the	global	PSQI-	J	score	(range:	0–	21),	which	is	the	sum	of	
these	components,	was	used	 in	 the	analysis.	The	higher	
the	 global	 PSQI-	J	 score,	 the	 poorer	 the	 sleep	 quality.	 In	
this	study,	Cronbach's	alpha	coefficient	was	0.67.

2.4.4	 |	 Short-	form	health	survey	36

The	 SF-	36-	J,	 consisting	 of	 36	 items,	 measures	 health-	
related	 QOL	 in	 eight	 domains.26  We	 used	 the	 following	
five	domains:	Role	Physical,	Vitality,	Social	Functioning,	
Role	Emotional,	and	Mental	Health.	The	scores	for	each	
domain	 were	 expressed	 on	 a	 scale	 from	 0	 to	 100,	 with	
lower	 scores	 indicating	 poorer	 conditions.	 A	 web-	based	
scoring	program	was	used	to	calculate	the	scores	for	each	
domain,	and	norm-	based	scores	were	used.	In	this	study,	
Cronbach's	alpha	coefficient	was	0.77–	0.93.

2.4.5	 |	 Participant	characteristics	and	
work	conditions

The	 sex,	 age,	 current	 profession,	 years	 of	 nursing	 experi-
ence,	 educational	 level,	 and	 family	 roles	 of	 participants	
were	measured.	Work	conditions,	such	as	ward,	shift	type,	
and	number	of	night	shifts	(previous	month),	were	assessed.

2.5	 |	 Statistical analysis

Statistical	 analysis	 was	 performed	 using	 JMP	 Pro	 soft-
ware,	ver.	15.0	(SAS	Institute	Inc.,	Cary,	NC,	USA).	The	
significance	level	was	set	at	5%.	In	terms	of	descriptive	sta-
tistics,	the	mean	and	standard	deviation	(SD)	and	frequen-
cies	(percentages)	were	used.

Cronbach's	alpha	coefficients	were	calculated	to	assess	
the	internal	consistency	of	each	subscale	with	a	cut-	off	of	
0.70.32	In	each	subscale	of	 the	OFER-J,	 if	 those	who	fell	
into	 the	 minimum	 (0	 point)	 and	 maximum	 value	 (100	
points)	exceeded	15%,	it	was	considered	a	floor	and	ceiling	
effect,	respectively.

The	confirmatory	factor	analysis	(CFA)	was	conducted	
to	verify	the	structural	validity	of	the	OFER-	J.	The	cut-	off	
for	 the	 factor	 loadings	 of	 the	 items	 was	 set	 at	 0.30.33	 In	
evaluating	the	fit	of	the	model,	the	χ2 value	was	not	em-
ployed	as	a	goodness-	of-	fit	indicator	in	this	study	because	
it	 is	 always	 significant	 when	 the	 sample	 size	 is	 large.34	
Instead,	 the	 following	 indices	 were	 used:	 goodness-	of-	
fit	 index	 (GFI  >  0.90),	 normed	 fit	 index	 (NFI  >  0.90),	
comparative	 fit	 index	 (CFI  >  0.90),	 Tucker-	Lewis	 index	
(TLI  >  0.90),	 root-	mean-	square	 error	 of	 approximation	
(RMSEA  <  0.080),	 and	 standardized	 root-	mean-	square	
residual	(SRMR < 0.080).34,35	In	cases	where	the	CFA	did	
not	show	a	good	model	fit,	an	exploratory	factor	analysis	
(EFA)	was	performed.	A	parallel	analysis36	and	Velicer's	
minimum	average	partial	(MAP)	test37	were	used	to	deter-
mine	the	factor	structure	more	precisely.	To	obtain	the	fac-
tor	structure,	a	principal	component	analysis	(PCA)	using	
the	maximum	likelihood	method	was	performed	and	the	
Quartimin	rotation	method,	an	oblique	rotation,	was	used	
for	factor	extraction.

To	test	the	construct	validity,	correlation	coefficients	(r)	
between	the	OFER-	J	and	the	MFI-	J	Total	score,	the	global	
PSQI-	J	score,	and	each	subscale	score	of	the	SF-	36-	J	were	
calculated	using	Spearman's	rank-	order	correlation	analy-
sis	with	a	listwise	method.	We	also	compared	the	OFER-	J	
subscales	 among	 participants	 and	 work-	related	 charac-
teristics	by	using	one-	way	analysis	of	variance	(ANOVA).	
Tukey's	 honestly	 significant	 difference	 test	 was	 used	 for	
multiple	comparisons.

To	examine	the	test-	retest	reliability,	the	intraclass	cor-
relation	coefficient	(ICC)	was	calculated	by	a	two-	way	ran-
dom	effect	model	for	all	subscales	and	items,	with	a	cut-	off	
of	0.70.32 The	standard	error	of	measurement	(SEM)	was	
calculated	as	the	square	root	of	the	sum	of	the	between-	
measures	variance	and	the	residual	variance.	Smallest	de-
tectable	change	(SDC)	was	calculated	based	on	the	SEM,	
using	the	formula32

sum
(

each subscale�s item scores
)

∕30 × 100.

SDC = 1.96 ×
√

2 × SEM.
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3 	 | 	 RESULTS

3.1	 |	 Response, participants, and work- 
related characteristics

Data	 from	 942	 participants	 (valid	 response	 rate:	 79.3%)	
were	used	for	the	analysis	(Appendix	Figure	S1).	Responses	
to	the	second	test	were	obtained	from	351	participants,	of	
which	334 valid	responses	were	used	for	the	analysis.

The	mean	(SD)	age	of	the	participants	was	33.8	(9.7)	years.	
Among	the	participants,	87.3%	were	female,	and	72.7%	were	
in	their	20s	and	30s.	Two-	shift	schedules	(52.8%)	were	more	
common	than	three-	shift	schedules	(47.2%)	(Table 1).

3.2	 |	 Internal consistency and floor/
ceiling effect

Cronbach's	alpha	coefficients	for	the	subscales	were	as	fol-
lows:	CF = 0.75,	AF = 0.85,	and	IR = 0.84.	There	was	no	
floor	and/or	ceiling	effect	for	any	subscale.

3.3	 |	 Validity

3.3.1	 |	 Structural	validity

The	data	were	poorly	fitted	to	the	three-	factor	model:	ex-
cept	for	SRMR	(=0.067),	none	of	the	fit	indices	showed	ac-
ceptance	criteria,	GFI = 0.866,	NFI = 0.846,	CFI = 0.855,	
TLI  =  0.825,	 RMSEA  =  0.115	 (95%	 confidence	 interval	
[CI]:	0.109–	0.121).	The	factor	loadings	for	all	items	were	
above	0.30.	Therefore,	the	model	was	modified	without	re-
moving	any	of	the	items.

Based	 on	 the	 modified	 indices	 of	 CFA,	 it	 was	 shown	
that	adding	covariance	between	the	item	errors,	as	shown	
in	Figure 1,	improved	the	model	fit.	A	total	of	12	error	co-
variances	were	added,	indicating	that	the	data	fit	a	three-	
factor	structure	in	an	acceptable	manner.

However,	as	there	was	a	lot	of	error	covariance	among	
the	factors,	we	performed	an	EFA	to	reveal	a	detailed	data	
structure.	There	were	six	factors	for	the	parallel	test	and	
two	 for	 the	 MAP	 test.	 Considering	 scale	 reliability,	 we	
performed	a	PCA	and	Quartimin	 rotation	 to	extract	2–	4	
factors	(Table 2).

In	 the	 two-	factor	 solution,	 Factor	 1	 included	 all	 IR	
items	with	factor	loadings	above	0.30;	the	others	included	
two	 AF	 (AF4	 and	 AF5)	 and	 three	 CF	 items	 (CF1,	 CF3,	
and	 CF4).	 Factor	 2	 contained	 AF	 and	 CF	 items,	 while	
IR3 showed	cross	loadings	on	Factor	2.	Both	factors	con-
tained	a	mixture	of	all	subscales’	items.

Considering	the	three-	factor	solution,	Factor	1	also	
included	three	items	from	the	AF	(AF1-	AF3)	and	three	

T A B L E  1 	 Participant	and	work-	related	characteristics	(n = 942)

Number (%)
Age	(%)a

20–	29 426	(45.4)
30–	39 256	(27.3)
40–	49 168	(17.9)
50–	59 83	(8.9)
≥60 5	(0.5)

Sex	(%)
Female 822	(87.3)
Male 120	(12.7)

Current	profession	(%)
Registered	nurse 884	(93.8)
Midwife 58	(6.2)

Educational	level	(%)b

High	school	(Five-	year) 26	(2.8)
Vocational	school 504	(53.8)
Junior	college 50	(5.3)
University 326	(34.8)
Graduate	school 31	(3.3)

Marital	status	(%)c

Married 279	(29.6)
Unmarried	(single/divorced) 662	(70.4)

With	pre-	school	child	(%)d

Yes 84	(9.0)
No 849	(91.0)

Care	role	at	home	(%)e

Yes 25	(2.7)
No 907	(97.3)

Hospital
University	hospital 425	(45.1)
Municipal	hospital 191	(20.3)
General	hospital 326	(34.6)

Wards
Medical/surgical/mix 597	(63.4)
Psychiatry 53	(5.6)
Maternity 58	(6.2)
High	care	unit/emergency 137	(14.5)
Palliative	care 13	(1.4)

Others 84	(8.9)
Shift	type

8 h	night	duty	(three-	shift	schedule) 445	(47.2)
12 h	night	duty	(two-	shift	schedule) 245	(26.0)
16 h	night	duty	(two-	shift	schedule) 252	(26.8)

Number	of	night	shifts	(last	month,	three-	shift	schedule)f

1–	2 25	(5.8)
3–	5 277	(64.1)
6–	8 127	(29.4)
≥9 3	(0.7)

Number	of	night	shifts	(last	month,	two-	shift	schedule)g

1–	2 30	(6.1)
3–	4 176	(35.9)
≥5 285	(58.0)

Note: Others	include	comprehensive	rehabilitation	ward,	wards	for	
community-	based	care,	and	sanatorium	long-	term	care	ward.
an =938. bn =937. cn =941. dn =933. en =932. fn =432. gn =491.
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items	from	the	IR	(IR1,	IR3,	IR5)	subscale,	but	the	fac-
tor	loadings	for	all	CF	items	exceeded	0.30,	indicating	
that	 this	 factor	 was	 related	 to	 CF.	 Similarly,	 Factor	 2	
was	 related	 to	 IR.	 However,	 these	 factors	 included	
items	from	different	subscales.	Factor	3	only	included	
items	 from	 the	 AF	 (AF3-	AF5)	 and	 IR	 (IR2	 and	 IR4)	
subscales.

Even	 in	 the	 four-	factor	 solution,	 there	 was	 a	 factor	
(Factor	1)	that	contained	a	mixture	of	AF	and	CF	items.	
Similar	to	the	three-	factor	solution,	AF4	and	AF5	dropped	
out	of	Factor	1	and	were	included	in	Factor	3.

3.3.2	 |	 Construct	and	discriminative	validity

Table 3 shows	the	correlation	matrix	between	the	OFER-	J	
subscales	 and	 other	 scales.	 There	 was	 a	 strong	 positive	
correlation	 between	 the	 CF	 subscale	 and	 MFI-	J	 Total	
(r = 0.653),	and	a	strong	negative	correlation	between	the	
Mental	Health	subscale	of	 the	SF-	36-	J	 (r = −0.573).	For	
the	AF	subscale,	there	was	a	moderate	to	strong	negative	
correlation	 between	 the	 SF-	36-	J,	 especially	 with	 Vitality	

(r = −0.650).	As	hypothesized,	there	was	a	moderate	neg-
ative	correlation	between	the	IR	subscale	and	the	global	
PSQI-	J	score	(r = −0.412).

One-	way	 ANOVA	 revealed	 statistically	 significant	
differences	 in	 OFER-	J	 scores	 based	 on	 age,	 family	 role	
(marital	status	and	with	pre-	school	child),	and	shift	type	
(Table 4).

3.4	 |	 Reliability

3.4.1	 |	 Test-	retest	reliability	and	
measurement	error

Table  5  shows	 the	 results	 of	 test-	retest	 reliability,	 SEM,	
and	SDC	for	all	subscales	and	items.	Only	the	CF	subscale	
had	an	ICC	above	0.70.

4 	 | 	 DISCUSSION

In	Japan,	most	shift-	work	nurses	are	in	their	20s	or	30s,	
approximately	90%	are	female,23	and	most	shift	types	are	
two-	shift	 schedule,	 which	 is	 consistent	 with	 our	 results.	
Therefore,	 the	 participants	 in	 this	 study	 were	 a	 sam-
ple	 with	 similar	 characteristics	 to	 shift-	work	 nurses	 in	
Japanese	hospitals.

The	 internal	consistency	of	 the	OFER-	J	based	on	the	
scale	structure	of	the	original	version	was	adequate.	Thus,	
the	items	included	in	each	factor	were	all	homogeneous	
and	 consistently	 reflected	 the	 properties	 of	 AF,	 CF,	 and	
IR,	respectively.38 Therefore,	the	OFER-J	can	be	score	in	a	
way	similar	to	that	in	the	original	version.

In	 the	 CFA,	 although	 the	 model	 fit	 met	 the	 all	
goodness-	of-	fit	 indices	 through	 modification,	 the	 stan-
dardized	estimates	among	factors	were	higher	than	in	pre-
vious	studies.6,21,22	In	the	EFA	(all	solutions),	factors	with	
a	mixture	of	AF	and	CF	items	were	identified,	indicating	
that	the	association	between	AF	and	CF	was	particularly	
strong	for	Japanese	shift-	work	nurses.	There	are	some	pos-
sible	reasons	for	this.	Unlike	in	the	original6	and	Chinese	
versions,21	the	participants	in	this	study	were	all	engaged	
in	shift-	work	with	night	shifts.	Additionally,	in	contrast	to	
the	Korean	version,22 more	than	half	of	our	participants	
were	 engaged	 in	 a	 two-	shift	 schedule	 with	 long	 work-
ing	hours.	Further,	 Japanese	workers	may	be	 inherently	
prone	to	overworking,	as	expressed	by	the	term	Karoshi,39	
which	was	created	by	the	Japanese	work	culture.	Japanese	
shift-	work	nurses	provide	care	for	over	10	patients	on	long	
night	shifts.30 These	unique	work	cultures	may	have	the	
coexistence	of	AF	and	CF	without	mediated	recovery	due	
to	the	high	workload	and	fatigue	for	Japanese	shift-	work	
nurses,	making	it	difficult	to	clearly	distinguish	between	

F I G U R E  1  Results	of	confirmatory	factor	analysis	with	
standardized	estimates	and	error	covariances	for	the	Japanese	
version	of	the	Occupational	Fatigue	Exhaustion	Recovery	scale	
(n = 942).	Abbreviations:	AF,	Acute	Fatigue;	CF,	Chronic	Fatigue;	
IR,	Intershift	Recovery
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the	two	constructs.	In	the	future,	we	might	confirm	a	fac-
tor	 structure	 that	 clearly	 distinguishes	 between	 AF	 and	
CF	by	including	workers	who	have	lower	workloads.

IR	 items	were	consistent	even	when	 the	number	of	
factors	 was	 increased	 in	 the	 EFA;	 in	 the	 three-	factor	
solution,	 the	 factor	 loadings	 of	 the	 five	 IR	 items	 were	

T A B L E  2 	 Factor	loadings	of	the	2–	4	factor	model	in	the	OFER-	J	(principal	component	analysis,	maximum	likelihood	method,	
quartimin	rotation	method)

Item/factor

Two factor solution Three factor solution Four factor solution

Factor 1 Factor 2 Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3 Factor 4

OFER-	AF1 0.79 0.77 0.73

OFER-	AF2 0.69 0.71 −0.31 0.60

OFER-	AF3 0.73 0.75 0.33 0.63

OFER-	AF4 −0.50 0.71 0.66

OFER-	AF5 −0.80 −0.49 0.65 0.77

OFER-	CF1 −0.45 0.40 0.49 −0.58 0.31 0.60

OFER-	CF2 0.59 0.51 0.52

OFER-	CF3 −0.41 0.33 −0.52 0.60

OFER-	CF4 −0.31 0.45 0.50 −0.34 0.30 −0.34

OFER-	CF5 0.53 0.52 0.35

OFER-	IR1 0.55 −0.41 0.58 0.76

OFER-	IR2 0.65 0.52 −0.34 0.35

OFER-	IR3 0.38 −0.43 −0.51 0.42 0.85

OFER-	IR4 0.80 0.58 −0.41 −0.35 −0.35

OFER-	IR5 0.64 −0.36 0.73 0.37 −0.47

Total	cumulative	
variance	(%)

57.2 63.3 68.9

Note: Items	with	factor	loadings	below	0.30	are	not	shown.
Abbreviations:	AF,	Occupational	Fatigue	Exhaustion	Recovery	scale-	Acute	Fatigue;	CF,	Occupational	Fatigue	Exhaustion	Recovery	scale-	Chronic	Fatigue;	IR,	
Occupational	Fatigue	Exhaustion	Recovery	scale-	Intershift	Recovery.

T A B L E  3 	 Correlation	coefficients	between	OFER-	J,	MFI,	PSQI,	and	SF-	36

OFER- AFa OFER- CFa OFER- IRa MFI totalb PSQI- Gc SF−36 RPd SF−36 REe SF−36 SFa SF−36 VTf SF−36 MHf

OFER-	AF 1.000

OFER-	CF 0.688*** 1.000

OFER-	IR −0.730*** −0.637*** 1.000

MFI	Total 0.551*** 0.653*** −0.557*** 1.000

PSQI-	G 0.356*** 0.378*** −0.412*** 0.455*** 1.000

SF−36	RP −0.467*** −0.434*** 0.391*** −0.499*** −0.321*** 1.000

SF−36	RE −0.437*** −0.477*** 0.408*** −0.518*** −0.381*** 0.680*** 1.000

SF−36	SF −0.353*** −0.349*** 0.343*** −0.400*** −0.308*** 0.458*** 0.495*** 1.000

SF−36 VT −0.650*** −0.562*** 0.595*** −0.725*** −0.450*** 0.473*** 0.496*** 0.434*** 1.000

SF−36 MH −0.460*** −0.573*** 0.465*** −0.598*** −0.416*** 0.455*** 0.580*** 0.473*** 0.633*** 1.000

Note: Abbreviations:	OFER-	AF,	Occupational	Fatigue	Exhaustion	Recovery	scale-	Acute	Fatigue;	OFER-	CF,	Occupational	Fatigue	Exhaustion	Recovery	scale-	
Chronic	Fatigue;	OFER-	IR,	Occupational	Fatigue	Exhaustion	Recovery	scale-	Intershift	Recovery;	MFI	Total,	Multidimensional	Fatigue	Inventory-	Total	score;	
PSQI-	G,	Global	score	of	Pittsburgh	Sleep	Quality	Index;	SF-	36,	Short-	Form	Health	Survey	36;	RP,	Role-	Physical;	RE,	Role-	Emotional;	SF,	Social	Functioning;	
VT,	Vitality;	MH,	Mental	Health.
Correlation	coefficients	were	calculated	by	Spearman's	rank-	order	correlation	analysis	with	listwise	method	that	excludes	from	the	calculation	cases	where	any	
one	of	the	multiple	variables	to	be	analyzed	has	a	missing	value.
an = 942. bn = 930. cn = 862. dn = 940. en = 939. fn = 940. ***p < 0.001.
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sufficient,	 despite	 cross	 loadings.	 Therefore,	 Factor	 2	
was	related	to	IR.

The	results	of	the	CFA	showed	that	there	was	an	error	
covariance	between	AF4	and	AF5,	consistent	with	the	re-
sults	of	the	original6	and	Chinese	versions.21	Additionally,	
these	 items	 required	 error	 covariances	 with	 multiple	
items	in	the	IR	items.	AF4	(“I	usually	have	lots	of	energy	
to	give	to	my	family	or	friends”)	and	AF5	(“I	usually	have	
plenty	of	energy	 left	 for	my	hobbies	and	other	activities	
after	 I	 finish	 work”)	 contained	 phrases	 indicating	 how	
to	spend	time	outside	of	work.	The	term	“spending	time	
with	family	or	friends”	and	“engaging	in	my	hobbies	and	
other	activities”	have	been	reported	to	be	effective	in	cop-
ing	with	and	recovering	from	stress	and	fatigue	in	Japan	
and	elsewhere.29,40	From	the	above	things,	AF4	and	AF5	
were	related	to	IR	for	Japanese	nurses.	Further,	the	EFA	
(three-	factor	 solution)	 revealed	 that	 AF4	 and	 AF5	 were	
not	 included	 in	 the	 factors	of	other	AF	 items.	However,	
because	of	the	limitations	of	many	factors	such	as	the	con-
dition	of	the	participants,	additional	validation	should	be	
conducted	to	determine	whether	two	items	should	be	ex-
cluded	from	the	AF.

Our	results	suggest	that	the	association	between	the	three	
factors	(especially	CF	and	AF)	may	be	strong	for	Japanese	

shift-	work	nurses;	therefore,	careful	interpretation	must	be	
made	to	clearly	distinguish	each	factor	from	the	scoring	re-
sults.	In	addition,	two	AF	items	dropped	out	of	the	factors	
that	 included	other	AF	items,	but	 the	decision	to	exclude	
these	items	should	be	based	on	further	studies	considering	
the	measurement	reliability.	Furthermore,	since	the	factor	
analysis	showed	cross	loadings	of	multiple	items,	it	may	be	
useful	to	apply	item	scores	along	with	subscale	scores.

For	 construct	 validity,	 the	 associations	 between	 the	
OFER-	J	and	other	scales	were	 in	 the	direction	and	mag-
nitude	 as	 hypothesized.	 These	 results	 indicate	 that	 the	
OFER-	J	 subscales	 have	 the	 capacity	 to	 measure	 CF,	 AF,	
and	IR,	respectively.	The	results	showed	significant	associ-
ations	with	several	variables,	supporting	the	discriminative	
validity	of	the	OFER-	J.	First,	the	association	of	the	partici-
pants	and	work-	related	characteristics	was	consistent	with	
the	previous	 study.29,30	Second,	 the	 three	 subscale	 scores	
significantly	differed	by	shift	type.	The	AF	scores	of	those	
on	 the	16-	h	night	 shift	 (two-	shift	 schedule)	were	 signifi-
cantly	 lower	 than	 of	 those	 on	 the	 12-	h	 night	 shift	 (two-	
shift	schedule).	In	Japan,	a	nap	break	of	coherent	duration	
is	recommended	for	the	16-	h	night	shift,23	and	it	is	possible	
that	this	nap	influenced	this	result.	Additionally,	this	shift	
type	was	characterized	by	the	ease	of	taking	a	coherent	rest	

T A B L E  5 	 Test-	retest	reliability,	standard	of	measurement	error,	and	smallest	detectable	change	of	the	OFER-	J

Score 
range

Overall (n = 942) 
mean (SD)

Test- retest survey (n = 334)

ICC SEM SDC
Test 1
mean (SD)

Test 2
mean (SD)

OFER-	CF 0–	100 51.9	(19.0) 50.4	(19.4) 49.4	(19.4) 0.74 5.1 14.0

CF	1 0–	6 3.4	(1.6) 3.2	(1.6) 3.3	(1.6) 0.70 0.9 2.4

CF	2 0–	6 2.0	(1.8) 1.7	(1.7) 1.7	(1.6) 0.64 1.0 2.7

CF	3 0–	6 3.9	(1.7) 3.9	(1.7) 3.8	(1.6) 0.69 0.9 2.6

CF	4 0–	6 3.3	(1.6) 3.3	(1.6) 3.2	(1.6) 0.62 1.0 2.7

CF	5 0–	6 3.0	(1.5) 3.0	(1.5) 2.9	(1.4) 0.60 0.9 2.6

OFER-	AF 0–	100 63.6	(18.4) 61.8	(19.0) 56.0	(12.3) 0.62 6.2 17.1

AF	1 0–	6 3.5	(1.5) 3.3	(1.5) 3.2	(1.5) 0.65 0.9 2.5

AF	2 0–	6 4.3	(1.3) 4.2	(1.4) 4.1	(1.3) 0.67 0.8 2.1

AF	3 0–	6 3.6	(1.5) 3.5	(1.5) 3.4	(1.5) 0.63 0.9 2.5

AF	4 0–	6 3.6	(1.4) 3.5	(1.3) 2.6	(1.3) 0.46 1.8 5.0

AF	5 0–	6 4.1	(1.4) 4.1	(1.2) 3.4	(1.3) 0.45 1.0 2.8

OFER-	IR 0–	100 36.5	(19.5) 37.4	(19.5) 42.7	(12.3) 0.54 6.8 18.7

IR	1 0–	6 2.1	(1.6) 2.1	(1.5) 2.0	(1.3) 0.40 1.1 3.0

IR	2 0–	6 2.2	(1.4) 2.4	(1.4) 3.7	(1.5) 0.29 1.9 5.4

IR	3 0–	6 2.1	(1.6) 2.3	(1.6) 2.4	(1.6) 0.67 0.9 2.5

IR	4 0–	6 2.3	(1.5) 2.3	(1.4) 2.4	(1.4) 0.57 0.9 2.5

IR	5 0–	6 2.2	(1.5) 2.2	(1.5) 2.3	(1.4) 0.59 0.9 2.6

Note: OFER-	AF,	Occupational	Fatigue	Exhaustion	Recovery	scale-	Acute	Fatigue;	OFER-	CF,	Occupational	Fatigue	Exhaustion	Recovery	scale-	Chronic	Fatigue;	
OFER-	IR,	Occupational	Fatigue	Exhaustion	Recovery	scale-	Intershift	Recovery;	SD,	standard	deviation;	ICC,	intra-	class	correlation	coefficient,	SEM,	standard	
error	of	measurement;	SDC,	smallest	detectable	change.
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day.23 Thus,	nurses	engaged	in	this	shift	had	the	highest	IR	
score	and	a	significantly	lower	CF	score.

The	 results	of	 test-	retest	 reliability	 showed	 that	only	
CF	had	an	ICC	were	above	0.70,	indicating	sufficient	test-	
retest	reliability.	The	ICCs	for	AF	and	IR	were	below	0.70,	
consistent	with	the	results	of	previous	studies,21,22	which	
did	 not	 show	 sufficient	 test-	retest	 reliability.	 According	
to	 Winwood	 et	 al.	 (2005),	 AF	 and	 IR	 reflect	 acute	 or	
subchronic	 conditions	 that	 vary	 with	 work,	 week,	 and	
nonwork-	time	behaviors.19 Therefore,	it	is	reasonable	to	
consider	 that	 AF	 and	 IR	 subscales	 measure	 temporally	
variable	states	rather	than	stable	traits.	The	SDC	is	a	cri-
terion	to	determine	whether	the	observed	change	is	a	real	
change	 beyond	 the	 measurement	 error.32	 If	 the	 change	
exceeds	the	SDC,	it	indicates	that	a	“real	change”	has	oc-
curred	in	the	individual.	When	evaluating	the	effects	of	
interventions,	 it	 is	 recommended	 to	observe	changes	 in	
the	OFER-	J	score	and	to	use	SDC	as	a	reference	value.

There	 are	 limitations	 to	 this	 study.	 The	 main	 issue	
is	 sample	 representativeness.	 The	 characteristics	 of	 the	
participants	were	similar	 to	 those	of	 shift-	work	nurses	 in	
Japanese	 hospitals;	 however,	 since	 this	 study	 was	 con-
ducted	in	one	region,	the	results	might	not	be	generalized.	
Further	 studies	 need	 to	 be	 conducted	 for	 a	 more	 diverse	
pool	of	participants.	The	validation	with	nurses	working	in	
other	 institutions	 (e.g.,	 elderly	 care	 facilities)	 will	 also	 be	
necessary.	Additionally,	studies	are	needed	to	verify	the	ap-
plicability	of	the	OFER-	J	to	other	healthcare	professionals	
such	as	caregivers	and	physicians	to	increase	its	generaliz-
ability.	Second,	some	psychometric	properties,	such	as	face	
validity,	 cross-	cultural	 validity,	 and	 responsiveness,	 were	
not	examined.	Third,	as	all	variables	in	our	study	were	ob-
tained	by	self-	report	measures,	recall	bias	and	desirability	
bias	could	not	be	ruled	out.	In	addition,	to	ensure	power,	
all	 correlation	 analyses	 were	 performed	 using	 a	 listwise	
method,	but	the	selection	bias	was	not	addressed.	Finally,	
SARS-	Cov-	2	infection	continued	to	spread	when	this	study	
was	 conducted.	 However,	 it	 was	 difficult	 to	 assess	 which	
participants	 were	 responsible	 for	 caring	 for	 COVID-	19	
patients	 and	 the	 impact	 that	 had	 on	 working	 conditions;	
therefore,	the	possible	impact	of	this	on	the	results	could	
not	be	addressed.

5 	 | 	 CONCLUSION

In	Japanese	shift-	work	nurses,	 the	OFER-	J	had	good	in-
ternal	 consistency	 and	 test-	retest	 reliability.	 In	 addition,	
construct	and	discriminative	validity	were	well	indicated.	
However,	care	should	be	 taken	 in	 interpreting	 the	 three	
factors	independently.	Considering	the	importance	of	un-
derstanding	and	addressing	the	fatigue	and	recovery	level	
of	 shift-	work	 nurses,	 this	 study	 is	 the	 first	 step	 toward	

supporting	 a	 data-	driven	 approach	 to	 fatigue	 manage-
ment.	 The	 OFER-	J	 is	 useful	 regarding	 (1)	 surveillance	
and	monitoring	of	fatigue	and	recovery	levels	and	(2)	as-
sessing	the	effect	of	shift	scheduling	design.	For	Japanese	
shift-	work	nurses,	administrators,	and	policymakers,	the	
OFER-	J	could	contribute	to	fatigue	risk	management.
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