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1  | INTRODUC TION

Trainees (residents and fellows) in Graduate Medical Education 
(GME) training programmes often are required to complete night 
(‘night float’) shifts. The phrase ‘night float’ refers to a rotation or a 

shift during which a GME trainee engages in clinical work during the 
evening and early morning and is off duty during the daytime before 
and after the shift. The duration and timing of night float shifts var-
ies widely, and they differ from traditional extended duty overnight 
call	shifts	(i.e.	working	consecutively	≥24	hr).	For	example,	night	float	
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Abstract
Graduate medical education (GME) training commonly requires residents and fellows 
to engage in night float shift work. This review aims to assess the effectiveness of 
interventions for trainees when preparing for, completing, and recovering from work-
ing	night	float	shifts.	We	reviewed	all	available	studies	published	prior	to	September	
2019	using	PubMed,	Scopus,	CINAHL,	the	Cochrane	library,	PsycINFO,	and	Google	
Scholar	databases.	We	 included	all	original,	primary	 research	articles	assessing	ei-
ther non-pharmacological or pharmacological interventions on the chronobiological 
and	physiological	effects	of	night	float	shift	work	among	GME	trainees.	Five	studies	
(n =	179	patients)	met	inclusion	criteria.	Interventions	included	melatonin	in	the	morn-
ing before sleep after night float shifts, napping during night float shifts, modafinil 
after	a	night	of	sleep	deprivation,	and	caffeinated	energy	drinks	after	6	consecutive	
night float shifts. Melatonin improved one measure of attention. A 2-hr nap was as-
sociated with improved speed related to task switching. Modafinil improved perfor-
mance	in	tests	of	cognition.	Caffeinated	energy	drinks	led	to	improvement	in	select	
driving performance variables and reaction time. Effect sizes for outcome variables 
were calculated. Heterogeneity among the studies precluded combining the data in 
a meta-analysis. According to GRADE criteria, the quality of the evidence in these 
studies was low or very low. Our findings suggest GME trainees may benefit from uti-
lising a limited number of interventions when preparing for or recovering from night 
float shift work. More investigation is needed to identify interventions that could 
help GME trainees adapt to and recover from working night float shifts.
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shifts may refer to a single night shift or multiple night shifts in a 
row, whereas extended duty overnight call shifts are scheduled up 
to	every	third	night.	The	Accreditation	Council	for	Graduate	Medical	
Education	(ACGME)	defines	‘night	float’	as:

A rotation or educational experience designed to ei-
ther eliminate in-house call or to assist other residents 
during the night. Residents assigned to night float are 
assigned on-site duty during evening/night shifts and 
are responsible for admitting or cross-covering pa-
tients until morning and do not have daytime assign-
ments. Rotation must have an educational focus. 

(Accreditation	Council	for	Graduate	Medical	
Education Glossary of Terms, 2018)

The National Academy of Medicine defines “(day or night) float” as 
“a shift of residents that are not assigned to a single service but ‘float’ 
across	services	or	teams	to	help	with	admissions	and	follow-up”	(Ulmer	
et al., 2009).

To	remain	compliant	with	the	2003	ACGME	duty	hour	require-
ments restricting GME trainees to working no more than 80 hr/week, 
GME	training	programmes	in	the	United	States	have	increasingly	im-
plemented	night	float	rotations.	For	example,	during	the	2017–2018	
academic	year,	the	ACGME	reported	that	88%	of	accredited	internal	
medicine	programmes	had	a	night	float	system	(FREIDA	Online,	the	
AMA	Residency,	&	Fellowship	Database	AMA,	2019),	which	was	a	
significant	increase	compared	with	30%	in	1996	(Trontell	et	al.,	1991)	
and	76%	in	2006	(Wallach	et	al.,	2006).

In general, night shift work is disharmonious with living habits 
and social activities. Night shift work is associated with increased risk 
of developing medical conditions such as metabolic syndrome, car-
diovascular	disease,	and	some	cancers	(Schernhammer	et	al.,	2003;	
Wang	et	al.,	2014;	Wegrzyn	et	al.,	2017).	Furthermore,	night	 shift	
work is associated with circadian rhythm misalignment; accumulated 
sleep debt; and may negatively impacting learning, performance, 
mood,	and	the	ability	to	safely	drive	a	motor	vehicle	(Costa,	2010).	
Maladaptation to night shift work can lead to “shift work disor-
der”	 (SWD),	 shift	 work	 type,	 also	 known	 as	 “Circadian	 rhythm	
sleep	 disorder”	 or	 CRSWD,	 shift	 work	 type,	 in	 the	 International	
Classification	of	Diseases,	10th	Revision,	Clinical	Modification	(ICD-
10-CM).	Summarised	criteria	for	SWD	from	the	third	edition	of	the	
International	Classification	of	Sleep	Disorders	(ICSD-3)	are	displayed	
in	Table	1	(American	Academy	of	Sleep	Medicine,	2014).

To	help	GME	trainees	adapt	to	shift	work,	the	ACGME	requires	
training programmes to educate faculty members and residents on 
alertness management and fatigue mitigation processes, on how 
to recognise signs of fatigue and sleep deprivation, and to encour-
age the use of fatigue mitigation processes to manage the poten-
tial	negative	effects	on	patient	care	and	learning	(ACGME	Common	
Program	 Requirements	 Section	 VI,	 2017).	 Additionally,	 the	 2017	
ACGME	Common	 Program	Requirements	 Report	 outlines	 the	 fol-
lowing	 fatigue	 prevention	 strategies	 for	 GME	 trainees	 (ACGME	
Common	Program	Requirements	Section	VI,	2017):

Strategies	 that	 may	 be	 used	 include,	 but	 are	 not	
limited to, strategic napping; the judicious use of 
caffeine; availability of other caregivers; time man-
agement to maximize sleep off-duty; learning to 
recognize the signs of fatigue, and self-monitoring 
performance and/or asking others to monitor perfor-
mance; remaining active to promote alertness; main-
taining a healthy diet; using relaxation techniques to 
fall asleep; maintaining a consistent sleep routine; 
exercising regularly; increasing sleep time before 
and after call; and ensuring sufficient sleep recovery 
periods.

However, the report does not include references to evidence sup-
porting these recommendations nor does it provide GME trainees with 
practical ways to incorporate many of these strategies. Additionally, 
the report does not outline whether strategies may differ for night 
float	shifts	compared	to	24–30	hr	call	shifts.	Furthermore,	specific	to	
night	float	shifts,	the	ACGME	duty	hour	changes	in	recent	years	have	
trended towards less restrictive duty hour requirements (e.g. maximum 
consecutive	night	float	shifts	no	longer	limited	to	6),	despite	controver-
sial evidence to support these changes, making it even harder for GME 
trainees	 to	 incorporate	many	 of	 these	 strategies	 (ACGME	Common	
Program Requirements (Residency), 2019; McHill et al., 2018).

The existing body of evidence available for the general popu-
lation of night shift workers outlines a number of potentially help-
ful	 interventions	 for	navigating	night	 float	work	 (Liira	et	 al.,	 2014;	
McKenna	 &	 Wilkes,	 2018;	 Neil-Sztramko	 et	 al.,	 2014;	 Slanger	
et	al.,	2016).	However,	these	data	may	not	generalise	to	GME	train-
ees. As such, we cannot be certain that the conclusions drawn from 
these prior studies can be applied to the GME trainees who are a 
unique population of shift workers routinely encountering long work 
hours, sleep deprivation, and physical and emotional stress related 
to balancing their responsibility for patients.

TA B L E  1   ICSD-3	diagnostic	criteria	for	shift	work	disorder

ICSD-3 Diagnostic criteria for shift work disorder

• There is a report of insomnia and/or excessive sleepiness, 
accompanied by a reduction of total sleep time, which is 
associated with a recurring work schedule that overlaps with the 
usual time for sleep

• The symptoms have been present and associated with the shift 
work schedule for at least 3 months

• The symptoms cause clinically significant distress or impairment 
in mental, physical, social, occupational, education, or other 
important areas of functioning

•	 Sleep	log	and	actiography	monitoring	(whenever	possible	and	
preferably with concurrent measurement of light exposure) for at 
least	14	days	(work	and	free	days)	demonstrate	a	disturbed	sleep	
and wake pattern

• The sleep and/or wake disturbance are not better explained by 
another current sleep disorder, medical or neurologic disorder, 
mental disorder, medication use, poor sleep hygiene, or substance 
use disorder
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Night float shift work differs from extended duty overnight call 
shifts	and	is	commonplace	in	GME	training	(Ulmer	et	al.,	2009;	Weiss	
et	al.,	2016).	In	our	literature	search,	we	did	not	identify	a	review	that	
focussed specifically on night work interventions among GME train-
ees. The objective of the present systematic review was to assess 
the effectiveness of interventions for mitigating the chronobiolog-
ical and physiological impact of night float shifts that GME trainees 
experience.

2  | METHODS

2.1 | Literature search

A systematic search of the literature was conducted using PubMed, 
Scopus,	 Cumulative	 Index	 of	Nursing	 and	Allied	Health	 Literature	
(CINAHL),	 the	 Cochrane	CENTRAL	 Register	 of	 Controlled	 Clinical	
Trials,	 the	 Cochrane	 Database	 of	 Systematic	 Reviews,	 Google	
Scholar,	 and	 the	 PsycINFO	 databases.	No	 limitations	were	 set	 on	
language,	 date	 of	 publication,	 or	 geographical	 area.	We	 found	 no	
relevant non-English papers. The search was conducted from the 
date	of	inception	for	each	database	through	to	10	September	2019.	
The searches were performed by an experienced medical research 
librarian. The search focused on two main terms: “residents” and 
“night shift”. The search string for each of the databases is included 
in	Appendix	S1.	 In	addition	to	the	above	search,	we	also	reviewed	
the bibliographies of identified studies and review articles for poten-
tial missed articles, consulted with topic experts to help identify any 
further relevant studies, and searched the websites of the follow-
ing well-established, national residency groups for relevant studies 
that might not be indexed in the biomedical databases listed above: 
Emergency Medicine Resident’s Association (EMRA), the Residents 
and	Fellows	 section	of	 the	American	Medical	Association	website	
(AMA),	 and	 Association	 of	 Family	 Medicine	 Residency	 Directors	
(AFMRD).	We	contacted	authors	of	papers	when	there	were	uncer-
tainties regarding study sample or design. The search conforms to 
the	 Preferred	 Reporting	 Items	 for	 Systematic	 Reviews	 and	Meta-
Analyses	 (PRISMA)	 guidelines	 for	 systematic	 reviews	 and	 was	
performed	 in	accordance	with	the	best	practice	guideline	 (Liberati	
et al., 2009).

2.2 | Inclusion and exclusion criteria

Inclusion criteria included all original, primary research articles as-
sessing either pharmacological or non-pharmacological interven-
tions on the chronobiological and physiological effects of night 
float shifts among GME trainees (note that the term ‘GME trainees’ 
typically includes both residents and fellows, but papers included in 
our	 review	 identified	only	 ‘residents’).	We	 included	all	papers	 that	
were retrospective observational studies, prospective observational 
studies,	or	randomised	controlled	trials	(RCTs),	and	outlined	search	
terms	are	in	Appendix	S1.	Exclusion	criteria	consisted	of	papers	that:	

(a) were not specific to residents or fellows; (b) did not investigate 
countermeasures (e.g. naps, melatonin, caffeine, bright light) or in-
terventions (e.g. studied effects of night float shift only rather than 
comparing an intervention versus a control or placebo); (c) involved 
an intervention period that is not specific to night float shifts (e.g. 
30-hr overnight call shifts); and (d) reviews, surveys, case reports, 
case	series,	and	editorials.	Using	these	criteria,	two	physician-inves-
tigators	 (DS,	 AD)	 independently	 assessed	 abstracts	 for	 eligibility.	
Abstracts that met initial criteria were reviewed as full manuscripts. 
Studies	that	met	the	eligibility	criteria	after	full	text	review	by	both	
reviewers were included in the final data analysis. Disagreements 
were resolved by consensus, with the addition of a third reviewer 
if needed.

2.3 | Data extraction

The following characteristics were obtained for each of the included 
studies	and	were	extracted	by	one	investigator	(DS)	and	verified	for	
accuracy by a second investigator (HMK): last name of the first au-
thor, study title, publication year, total study population factors in-
cluding size, gender, age, medical specialty, and years of training, and 
study design including intervention and outcomes.

2.4 | Bias assessment

The	revised	Cochrane	Risk	of	Bias	Tool	 for	RCTs	was	used	for	the	
included studies (Higgins et al., 2011). A study was considered as 
having an overall low risk of bias (RoB) when there was low RoB in all 
of the following five domains: the randomisation process, deviation 
from intended interventions (i.e. effect of adhering to intervention 
or assignment to intervention), missing outcome data, measurement 
of the outcome, and selection of the reported results. The study was 
regarded as having an unclear RoB (e.g. ‘some concerns’) if at least 
one of these domains was unclear. The study was considered as hav-
ing a high RoB if at least one of these domains showed a high RoB. 
Two	 reviewers	 (DS,	 HMK)	 independently	 assessed	 the	 evidence	
reported in the selected studies. Discrepancies in ratings were re-
solved by discussion with a third reviewer (MG).

2.5 | Evidence grading

The authors independently utilised the Grading of 
Recommendation, Assessment, Development, and Evaluation 
(GRADE) system via the GRADEpro tool (https://gdt.grade pro.org) 
when evaluating the evidence related to individual outcomes as 
recommended	by	the	Cochrane	Collaboration	(Ryan	&	Hill,	2016).	
The GRADE is a tool for rating quality of evidence for a specific 
intervention in research papers and for producing evidence-based 
recommendations	 for	 clinical	 practice	 (Ryan	 &	 Hill,	 2016).	 The	
GRADE approach involves examining five methodological factors: 

https://gdt.gradepro.org
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RoB, inconsistency, indirectness, imprecision, and publication 
bias.	 RCTs	 are	 initially	 categorised	 as	 high	 quality	 and	 can	 be	
downgraded based on factors associated with these five factors. 
The quality of evidence is then decided to be high, moderate, low, 
or	very	low.	Two	reviewers	(DS,	HMK)	independently	assessed	the	
evidence reported in the selected studies and there were no disa-
greements on ratings.

2.6 | Data synthesis

Included studies were summarised using narrative synthesis. The 
studies were then quantitatively analysed with regard to the mag-
nitude	of	effect	sizes	(ES)	related	to	study	outcome	variables	within	
studies	 (Becker,	2000).	As	ES	were	not	determined	 in	 the	original	
studies,	 we	 calculated	 Cohen’s	 d	 (Cavallo	 et	 al.,	 2005;	 Huffmyer	
et	 al.,	 2019)	 or	 estimated	 Cohen’s	 d outcomes using Microsoft 
Excel 2013 (Redmond, 2013) in collaboration with a statistician 
(LF).	The	estimated	Cohen’s	d outcomes were calculated using two-
tailed	Student’s	t distribution (Jockovich et al., 2000) or F statistic 
(Huffmyer	et	al.,	2019;	Sugden	et	al.,	2012;	Tempesta	et	al.,	2013).	
A more detailed description of the calculations is included in the 
Appendix	 S2.	 Data	 were	 not	 combined	 for	 meta-analysis	 due	 to	
heterogeneous study design and outcome measures among the in-
cluded reports.

3  | RESULTS

3.1 | Characteristics of included studies

A total of 2,818 citations were identified via the following elec-
tronic databases with total number of citations for each database 
listed	 in	 parentheses:	 PubMed	 (1,030),	 Scopus	 (1,057),	 CINAHL	
(334),	Cochrane	CENTRAL	Register	of	Controlled	Clinical	Trials	(86),	
Cochrane	Database	of	Systematic	Reviews	(1),	PsychINFO	(207),	and	
Google	Scholar	(100).	The	Google	Scholar	search	was	limited	to	the	
first	100	citations	as	 recommended	by	Bramer	et	al.	 (2017).	After	
duplicates	were	removed,	1,635	articles	remained.	In	all,	42	articles	
were reviewed as full-text manuscripts and five papers (n =	 179	
participants)	were	selected	for	final	inclusion	(Figure	1).	The	five	se-
lected	studies	include	three	RCTs	(Huffmyer	et	al.,	2019;	Jockovich	
et al., 2000; Tempesta et al., 2013), one prospective concurrent 
quasi-experimental	 trial	 (Sugden	 et	 al.,	 2012),	 and	 a	 prospective	
randomised	double-blind	crossover	study	(Cavallo	et	al.,	2005).	Of	
the	179	participants,	103	were	male	(58%).	All	studies	included	resi-
dents working at university-affiliated hospitals in specialties includ-
ing emergency medicine (EM) (Jockovich et al., 2000), paediatrics 
(Cavallo	et	al.,	2005),	anaesthesiology	 (Huffmyer	et	al.,	2019),	and	
surgery (Tempesta et al., 2013). Three studies were conducted in the 
United	States	(Cavallo	et	al.,	2005;	Huffmyer	et	al.,	2019;	Jockovich	
et al., 2000), one study was conducted in Italy (Tempesta et al., 2013), 

F I G U R E  1  PRISMA	flow	diagram

 

2818 References imported for screening  
 

1183 Duplicates removed  
 

1635 Titles and abstracts screened  
 

1593 studies irrelevant to the topic 
 

42 full-text studies assessed for eligibility  
 

37 studies excluded: 
1. Intervention period not specific to night shifts = 10 
2. Duplicate = 9 
3. Review articles, surveys, case reports, case series, 

retrospective reviews, and editorials = 8 
4. No counter measures/intervention investigated  

(studied effects of night shift only) = 5 
5. Irrelevant to the topic = 3 
6. Not specific to residents or fellows =2 

 

5 studies included  
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and	one	study	was	conducted	in	the	UK	(Sugden	et	al.,	2012).	Study	
design and sample characteristics are shown in Table 2.

3.2 | Main findings

The following interventions were investigated: (a) melatonin in 
the	morning	 before	 sleep	 after	working	 night	 float	 shifts	 (Cavallo	
et al., 2005; Jockovich et al., 2000), (b) napping during night float 
shifts (Tempesta et al., 2013), (c) modafinil after a night of sleep dep-
rivation	(Sugden	et	al.,	2012),	and	(d)	using	a	caffeinated	energy	drink	
after	night	float	shift	(Huffmyer	et	al.,	2019)	(Table	2).	ES	were	calcu-
lated for all outcome variables (Table 2).

Jockovich et al. (2000) gave 19 EM residents a 1 mg oral dose of 
melatonin in the morning after 3 consecutive night float shifts and 
measured	 self-reported	mood	 (Profile	 of	Mood	 State,	 POMS)	 and	
alertness	 (Stanford	Sleepiness	Scale	 [SSS])	 in	 the	evening,	prior	 to	
night float shifts, and total sleep duration during recovery sleep (ac-
tiography). They found no beneficial effects of the 1-mg melatonin 
dose,	compared	to	placebo,	on	recovery	sleep	(ES	= 0.2), alertness 
(ES	=	0.12),	or	mood	state	(ES	= 0.12) during night float shift work 
among EM residents.

Cavallo	 et	 al.	 (2005)	 tested	whether	 a	 3	mg	oral	 dose	 of	mel-
atonin	 given	 to	 45	 paediatric	 medicine	 residents	 in	 the	 morning	
after night float shifts improved sleep duration (sleep diary) during 
recovery	 sleep,	 mood	 (POMS),	 and	 attentional	 related	 problems	
(Conners’	Continuous	Performance	Test	[CPT]).	The	residents	were	
assessed for mood and attention in the morning, after night float 
shifts. Results showed that this larger melatonin dose, compared to 
placebo, significantly improved one measure of attention, number of 
omission	errors	 (ES	= 0.11), but did not demonstrate a statistically 
significant difference in recovery sleep duration, mood, or other 
measures of attention.

The nap study (Tempesta et al., 2013) compared the effect of 
a 2-hr nap (nap group, NG, n =	 16)	 during	 a	 night	 float	 shift	with	
two non-napping groups. Performance of the NG on executive func-
tioning skills (e.g. task-switching and go/no go tasks) was compared 
with	 performance	 following	 either	 no	naps	 in	 a	wake	 group	 (WG,	
n =	16)	or	in	a	normal	sleep	at	home	(sleep	group,	SG,	n = 22). The 
investigators	found	that	the	NG	and	SG	participants	demonstrated	
improvement in performance speed related to task switching rela-
tive	to	baseline.	Using	the	available	outcome	data,	the	ES	of	3.38	was	
calculated by converting an F	score	of	2.86	associated	with	mixed-
model	analysis	of	variance	(ANOVA)	using	‘group’	(SG,	WG	and	NG)	
as the between-subject factor and ‘session’ (days 1, 2 or 3) as the 
within-subject factor.

Sugden	et	al.	(2012)	examined	whether	taking	a	200	mg	oral	dose	
of modafinil given to 20 residents after a night of sleep deprivation 
enhanced	 cognitive	 performance	 (Cambridge	 Neuropsychological	
Test	 Automated	 Battery	 [CANTAB]),	 psychomotor	 performance	
(Minimally	 Invasive	Surgical	Trainer	Virtual	Reality	 [MIST-VR]),	and	
subjective	feelings	such	as	alert–drowsy,	attentive–dreamy,	and	in-
competent–proficient	(visual	analogue	scales).	Compared	to	placebo	

(n = 19), modafinil improved cognitive performance specific to work-
ing	memory	(ES	=	4.6),	flexibility	to	redirect	attention	(ES	=	4.3),	spa-
tial	planning	(ES	=	4.2),	and	impulsive	decision	making	(ES	= 5.2), but 
not psychomotor performance under time pressure.

Finally,	the	Huffmyer	study	(Huffmyer	et	al.,	2019)	used	a	cross-
over design to investigate whether ingesting a caffeinated energy 
drink	 with	 160	 mg	 of	 caffeine	 in	 the	 morning	 compared	 with	 a	
non-caffeinated drink (single blind). A total of 22 anaesthesiology 
residents	 completed	 6	 consecutive	 night-float	 shifts	 improved	
driving performance (simulated driving using the Driver Guidance 
System)	and	reaction	time	(Psychomotor	Vigilance	Test).	Compared	
to the non-caffeinated energy drink, the caffeinated drink was as-
sociated with temporally mixed results on the driving simulation 
that	were	observed	60	min	after	ingestion.	Residents’	demonstrated	
poorer driving performance during the first 10 min of driving (Epoch 
1, open road segment) related to control of steering, speed, throttle, 
and number of collisions. During the subsequent 30 min of driving 
(Epochs 2 and 3, open road and obstacle segments), the caffeinated 
energy drink was associated with improved performance on lane po-
sition	in	both	open	road	(ES	=	2.9)	and	obstacle	segments	(ES	= 1.3) 
during the last 15 min of driving (Epoch 3). Additionally, it was as-
sociated	with	 fewer	collisions	 (ES	= 1.3) during the last 30 min of 
driving	 (Epochs	2	and	3),	 and	 less	deviation	 in	 speed	 (ES	=	1.7)	 in	
the last 15 min of driving during the obstacle segment (Epoch 3). 
The caffeinated energy drink group had an improved mean reaction 
time	by	15.1	ms	(ES	=	0.46),	but	did	not	have	meaningful	impact	on	
subjective sleepiness reports.

3.3 | Risk of bias (RoB) assessment

The	RoB	of	the	included	studies	ranged	from	low	to	high	(Figure	2).	
The	 studies	 had	 low	 (Sugden	 et	 al.,	 2012),	 some,	 (Jockovich	
et	al.,	2000)	or	high	RoB	(Cavallo	et	al.,	2005;	Huffmyer	et	al.,	2019;	
Tempesta et al., 2013) due to insufficient information reported 
about	 allocation	 concealment	 (Cavallo	 et	 al.,	 2005;	 Huffmyer	
et al., 2019; Jockovich et al., 2000; Tempesta et al., 2013), blinding 
(Cavallo	et	al.,	2005;	Huffmyer	et	al.,	2019;	Jockovich	et	al.,	2000;	
Sugden	et	al.,	2012),	randomisation	(Cavallo	et	al.,	2005;	Jockovich	
et al., 2000; Tempesta et al., 2013), deviations from intended inter-
ventions (Huffmyer et al., 2019; Jockovich et al., 2000; Tempesta 
et	al.,	2013),	missing	outcome	data	(Cavallo	et	al.,	2005;	Tempesta	
et al., 2013), measurement of the outcome (Huffmyer et al., 2019; 
Jockovich et al., 2000; Tempesta et al., 2013), and selection of the 
reported results (Huffmyer et al., 2019; Jockovich et al., 2000; 
Tempesta et al., 2013). The nap study by Tempesta et al. (2013) had 
the overall highest RoB, due to group assignment not being ran-
domised and non-equivalence of groups because the design was 
modified from a randomised trial to a quasi-experimental study, with 
composition of “intervention” groups depending on ward-based de-
mands (nap group) and residents’ individual choices (wake group), 
missing outcome data, and lack of control for confounding and se-
lection bias.
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One co-author of the modafinil paper reported a potential con-
flict	 of	 interest	 (Sugden	 et	 al.,	 2012).	 Some	 authors	 did	 not	 state	
whether	they	had	any	potential	conflict	of	interest	(Cavallo	et	al.,	2005;	
Jockovich et al., 2000), while others did explicitly report having no con-
flicts	of	interest	(Huffmyer	et	al.,	2019;	Sugden	et	al.,	2012;	Tempesta	
et al., 2013). The Jockovich group (Jockovich et al., 2000) did not report 
sources of funding for the research, while the funding for all other stud-
ies	(Cavallo	et	al.,	2005;	Huffmyer	et	al.,	2019;	Tempesta	et	al.,	2013)	
came from institutional or federal grants.

3.4 | Quality of the evidence

A summary of the evidence quality according to the GRADE system is 
shown in Table 3. Indirectness of the evidence impacted the quality of 
the studies due to differences in study populations (e.g. surgery trainees 
have different demands and scheduling requirements than paediatric 
or EM trainees). Another source of variability is that two studies were 
conducted	 at	 sites	 outside	 of	 the	 United	 States	 (Sugden	 et	 al.,	 2012;	
Tempesta	et	al.,	2013),	where	duty	hour	policies	may	differ	from	ACGME	
policies	followed	by	trainees	at	the	three	United	States	study	sites	(Cavallo	
et	 al.,	 2003;	Huffmyer	 et	 al.,	 2019;	 Jockovich	et	 al.,	 2000).	 Serious	 in-
consistencies in the results were attributed to differences in interven-
tions and study design issues, such as variability in doses of melatonin 
(Cavallo	et	al.,	2005;	Jockovich	et	al.,	2000),	lengths	of	night	float	shifts	
(Cavallo	et	al.,	2005;	Huffmyer	et	al.,	2019;	Jockovich	et	al.,	2000;	Sugden	
et al., 2012; Tempesta et al., 2013), how sleep changes were measured 
(Cavallo	et	al.,	2005;	Jockovich	et	al.,	2000;	Tempesta	et	al.,	2013),	tim-
ing	of	interventions	(Cavallo	et	al.,	2005;	Huffmyer	et	al.,	2019;	Jockovich	
et	al.,	2000;	Sugden	et	al.,	2012;	Tempesta	et	al.,	2013)	when	measures	
were	completed	 (Cavallo	et	al.,	2005;	Huffmyer	et	al.,	2019;	 Jockovich	
et	al.,	2000;	Sugden	et	al.,	2012;	Tempesta	et	al.,	2013),	and	what	results	
were	reported	or	available	(Cavallo	et	al.,	2005;	Tempesta	et	al.,	2013).	All	
studies suffered from imprecision due to small sample sizes and, in the me-
latonin	studies	(Cavallo	et	al.,	2005;	Jockovich	et	al.,	2000),	this	issue	mag-
nifies the detrimental effects of potential noncompliance with medication 

dosing. Additionally, publication bias could not be assessed due to the lim-
ited number of studies.

4  | DISCUSSION

To our knowledge, this is the first systematic review and synthesis 
of the available evidence related to assessments of either non-phar-
macological or pharmacological interventions on the chronobiologi-
cal and physiological effects of night float shift work among GME 
trainees. The present review includes data from five studies and a 
total	 of	 179	participants.	 The	 interventions	 included	melatonin	 in	
the morning before sleep after working night float shifts, napping 
during night float shifts, modafinil after a night of sleep depriva-
tion,	 and	 caffeinated	 energy	 drink	 after	 6	 consecutive	 night	 float	
shifts. These studies demonstrated that: (a) melatonin improved 
one measure of attention; (b) a 2-hr nap during a night float shift 
was associated with improvement in performance speed related to 
task switching relative to baseline compared to no nap; (c) modafinil 
after a night of sleep deprivation improved cognitive performance in 
some domains, but did not improve psychomotor performance; and 
(d) caffeinated energy drink consumption the morning after com-
pleting	 6	 consecutive	 night	 float	 shifts	 led	 to	 initial	worsening	 of	
simulated driving performance (despite improvement in psychomo-
tor vigilance) followed by some improvement of performance and 
improved reaction time.

Two studies excluded from the present systematic review had 
heterogeneous or ‘mixed’ study samples (i.e. participants were not 
limited to GME trainees), but merit discussion in light of our find-
ings. One study was a double-blind randomised, placebo-controlled 
crossover trial that included EM attending physicians and residents 
who were assigned to take either melatonin 10 mg or placebo the 
morning after working night float shifts to study its effects on sleep 
quality	 (Farahmand	 et	 al.,	 2018).	 In	 this	 study,	melatonin	 had	 lim-
ited benefit on sleep quality, similar to the melatonin studies that 
were included in the systematic review. Moreover, this excluded 

F I G U R E  2   Risk of bias according to 
revised	Cochrane	Risk	of	Bias	Tool	for	
RCTs	(RoB	2.0)

Reference R
an

do
m

iz
at

io
n 

pr
oc

es
s

D
ev

ia
tio

ns
 fr

om
 

in
te

nd
ed

 
in

te
rv

en
tio

ns

M
is

si
ng

 o
ut

co
m

e 
da

ta

M
ea

su
re

m
en

t o
f t

he
 

ou
tc

om
e

Se
le

ct
io

n 
of

 th
e 

re
po

rte
d 

re
su

lt

O
ve

ra
ll

Huffmyer et 
al, 2019

Low risk

Tempesta et 
al, 2013

Some concerns

Cavello et al, 
2005

High risk

Jockovich et 
al, 2000

Sugden et al, 
2012

—

?

?

+

?

—

?

?

+

+

—

—

+

+

—

—

+

?

+

+

?

+

?

+

—

—

—

?

+

+

?

—

?



10 of 15  |     SHOLTES ET aL.

TA
B

LE
 3

 
G

R
A

D
E 

as
se

ss
m

en
t o

f q
ua

lit
y 

of
 in

cl
ud

ed
 s

tu
di

es

O
ut

co
m

es
Su

bj
ec

ts
, 

n
In

cl
ud

ed
 

RC
Ts

, n

Q
ua

lit
y 

as
se

ss
m

en
t

Ro
B

In
co

ns
is

te
nc

y
In

di
re

ct
ne

ss
Im

pr
ec

is
io

n
Pu

bl
ic

at
io

n 
bi

as
O

th
er

O
ve

ra
ll 

qu
al

ity
 o

f 
ev

id
en

ce

C
af
fe
in
at
ed
	e
ne
rg
y	
dr
in
k	
ve
rs
us
	n
on
-c
af
fe
in
at
ed
	e
ne
rg
y	
dr
in
k	
af
te
r	6
	c
on
se
cu
tiv
e	
ni
gh
t	f
lo
at
	s
hi
ft
s

D
riv

in
g 

si
m

ul
at

io
n 

pe
rf

or
m

an
ce

26
1	
RC
T	

(H
uf

fm
ye

r 
et

 a
l.,

 2
01

9)

Se
rio
us
	R
oB

a,
b  

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

In
te

rv
en

tio
n 

as
se

ss
es

 u
se

 o
f 

en
er

gy
 d

rin
ks

 w
ith

 m
an

y 
ac

tiv
e 

in
gr

ed
ie

nt
s 

co
nf

ou
nd

s 
ef

fe
ct

 o
f 

ca
ff

ei
ne

 (e
.g

. c
af

fe
in

at
ed

 d
rin

k 
ha

s 
gu

ar
an

a 
ex

tr
ac

t, 
al

so
 a

 s
tim

ul
an

t; 
bo

th
 v

er
si

on
s 

ha
ve

 ta
ur

in
e,

 p
an

ax
 

gi
ns

en
g 

ex
tr

ac
t, 

l-c
ar

ni
tin

e,
 l-

ar
gi

ni
ne

, g
lu

cu
ro

no
la

ct
on

e,
 in

os
ito

l, 
m

al
to

de
xt

rin
), 

fo
ur

 p
ar

tic
ip

an
ts

 u
se

d 
sl

ee
p 

ai
ds

 d
ur

in
g 

ni
gh

t f
lo

at
 w

ee
k 

w
hi

ch
 c

ou
ld

 a
ls

o 
co

nf
ou

nd
 o

ut
co

m
e 

da
ta

Lo
w

Re
ac

tio
n 

tim
e 

an
d 

la
ps

es
 in

 a
tt

en
tio

n 
(a

ss
es

se
d 

w
ith

: 
PV
T)

26
1	
RC
T

(H
uf

fm
ye

r 
et

 a
l.,

 2
01

9)

Se
rio
us
	R
oB

a,
b  

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

Lo
w

M
el

at
on

in
 c

om
pa

re
d 

to
 p

la
ce

bo
 fo

r r
ec

ov
er

y 
sl

ee
p 

af
te

r n
ig

ht
 fl

oa
t s

hi
ft

s

Sl
ee
p	
m
ea
su
re
s	

(a
ss

es
se

d 
w

ith
: 

Sl
ee
p	
di
ar
y,
	

ac
tio

gr
ap

hy
)

64
2	
RC
T

(C
av
al
lo
	

et
 a

l.,
 2

00
5;

 
Jo

ck
ov

ic
h 

et
 a

l.,
 2

00
0)

U
nc
le
ar
	R
oB

b,
f,g
 

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

St
ud
y	
de
si
gn
s	
di
d	
no
t	c
on
tr
ol
	fo
r	

m
an

y 
fa

ct
or

s 
th

at
 c

an
 in

flu
en

ce
 

ou
tc

om
es

 in
cl

ud
in

g 
ph

ar
m

ac
og

en
et

ic
 

ch
ar

ac
te

ris
tic

s,
 in

di
vi

du
al

 to
le

ra
nc

e 
to

 s
hi

ft
 w

or
k,

 a
nd

 a
 re

la
tio

ns
hi

p 
of

 
re

sp
on

se
 to

 m
el

at
on

in
 w

ith
 in

di
vi

du
al

 
to

le
ra

nc
e 

to
 s

hi
ft

 w
or

k

Ve
ry
	lo
w

PO
M
S

64
2	
RC
T

(J
oc

ko
vi

ch
 

et
 a

l.,
 2

00
0 

an
d	
C
av
al
lo
	

et
 a

l.,
 2

00
5)

U
nc
le
ar
	R
oB

b,
f,g

,h
 
Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

Ve
ry
	lo
w

Su
bj
ec
tiv
e	

sl
ee

pi
ne

ss
 

(a
ss

es
se

d 
w

ith
: 

SS
S)

19
1	
RC
T

(J
oc

ko
vi

ch
 

et
 a

l.,
 2

00
0)

U
nc
le
ar
	R
oB

b,
f,g
 

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

Ve
ry
	lo
w

A
ss

es
sm

en
t 

of
 a

tt
en

tio
n 

re
la

te
d 

pr
ob

le
m

s 
(a

ss
es

se
d 

w
ith

: 
C
on
ne
rs
’	C
PT
)

45
1	
RC
T	
(C
av
al
lo
	

et
 a

l.,
 2

00
5)

U
nc
le
ar
	R
oB

b,
f,g
 

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

Ve
ry
	lo
w

(C
on
tin
ue
s)



     |  11 of 15SHOLTES ET aL.

O
ut

co
m

es
Su

bj
ec

ts
, 

n
In

cl
ud

ed
 

RC
Ts

, n

Q
ua

lit
y 

as
se

ss
m

en
t

Ro
B

In
co

ns
is

te
nc

y
In

di
re

ct
ne

ss
Im

pr
ec

is
io

n
Pu

bl
ic

at
io

n 
bi

as
O

th
er

O
ve

ra
ll 

qu
al

ity
 o

f 
ev

id
en

ce

2-
hr

 n
ap

 c
om

pa
re

d 
to

 n
o 

na
p 

ve
rs

us
 s

le
ep

 a
t h

om
e 

(c
on

tr
ol

) f
or

 d
ur

in
g 

ni
gh

t f
lo

at
 s

hi
ft

s

Ex
ec

ut
iv

e 
fu

nc
tio

n 
sk

ill
s 

vi
a 

ta
sk

 
sw

itc
hi

ng
 a

nd
 g

o/
no

 g
o 

ta
sk

54
1	
RC
T	

(T
em

pe
st

a 
et

 a
l.,

 2
01

3)

Se
rio
us
	R
oB

b,
i  

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

3 
gr

ou
ps

 n
on

-e
qu

iv
al

en
t, 

co
m

po
si

tio
n 

of
 “i

nt
er

ve
nt

io
n”

 g
ro

up
s 

de
pe

nd
ed

 
on

 w
ar

d-
ba

se
d 

de
m

an
ds

 (N
G

) a
nd

 
in
te
rn
s’	
in
di
vi
du
al
	c
ho
ic
es
	(W

G
)	–
	i.
e.
,	

in
ve

st
ig

at
or

s 
di

d 
no

t h
av

e 
fu

ll 
co

nt
ro

l 
of

 in
te

rv
en

tio
n

Ve
ry
	lo
w

A
ct
io
gr
ap
hi
c	
TS
T

54
1	
RC
T	

(T
em

pe
st

a 
et

 a
l.,

 2
01

3

Se
rio
us
	R
oB

b,
i  

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

Ve
ry
	lo
w

Sl
ee
pi
ne
ss
	

(a
ss

es
se

d 
w

ith
: 

K
SS
)

54
1	
RC
T	

(T
em

pe
st

a 
et

 a
l.,

 2
01

3

Se
rio
us
	R
oB

b,
i  

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

Ve
ry
	lo
w

M
oo

d 
(a

ss
es

se
d 

w
ith
:	P
O
M
S)

54
1	
RC
T	

(T
em

pe
st

a 
et

 a
l.,

 2
01

3

Se
rio
us
	R
oB

b,
h,

i  
Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

Ve
ry
	lo
w

M
od

af
in

il 
co

m
pa

re
d 

to
 p

la
ce

bo
 fo

r c
og

ni
tiv

e 
or

 p
sy

ch
om

ot
or

 p
er

fo
rm

an
ce

 a
ft

er
 1

 n
ig

ht
 o

f s
le

ep
 d

ep
riv

at
io

n

C
og
ni
tiv
e	
fu
nc
tio
n	

(a
ss

es
se

d 
w

ith
: 

C
A
N
TA
B)

39
1	
RC
T	
(S
ug
de
n	

et
 a

l.,
 2

01
2)

N
o 

se
rio

us
 R

oB
b  

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

D
at

a 
do

 n
ot

 a
dd

re
ss

 e
ff

ec
t o

f 
en

ha
nc

em
en

t i
n 

ol
de

r p
ar

tic
ip

an
ts

, 
or

 p
ar

tic
ip

an
ts

 w
ith

 p
oo

r b
as

el
in

e 
pe

rf
or

m
an

ce
 a

nd
 u

si
ng

 ta
sk

s 
th

at
 

re
qu

ire
 th

e 
in

te
gr

at
io

n 
of

 c
og

ni
tiv

e 
an

d 
ps

yc
ho

m
ot

or
 s

ki
ll.

 A
ut

ho
rs

’ 
ca
ve
at
:	“
U
nt
il	
m
or
e	
de
ta
ile
d	

la
bo

ra
to

ry
 a

nd
 fi

el
d 

ev
id

en
ce

 is
 

ac
cr

ue
d,

 th
e 

us
e 

of
 p

ha
rm

ac
ol

og
ic

al
 

ag
en

ts
 to

 e
nh

an
ce

 p
er

fo
rm

an
ce

 in
 th

e 
w

or
kp

la
ce

 c
an

no
t b

e 
re

co
m

m
en

de
d”

.

Lo
w

Sl
ee
pi
ne
ss
	

(a
ss

es
se

d 
w

ith
: 

K
SS
)

39
1	
RC
T	
(S
ug
de
n	

et
 a

l.,
 2

01
2)

N
o 

se
rio

us
 R

oB
b  

Se
rio
us

c  
N

o 
se

rio
us

 
in

di
re

ct
ne

ss
Se
rio
us

d  
U
na
bl
e	
to
	

as
se

ss
e  

Lo
w

A
bb
re
vi
at
io
ns
:	C
A
N
TA
B,
	C
am
br
id
ge
	N
eu
ro
ps
yc
ho
lo
gi
ca
l	T
es
t	A
ut
om
at
ed
	B
at
te
ry
;	C
on
ne
rs
’	C
PT
,	C
on
ne
rs
’	C
on
tin
uo
us
	P
er
fo
rm
an
ce
	T
es
t;	
K
SS
,	K
ar
ol
in
sk
a	
Sl
ee
pi
ne
ss
	S
ca
le
;	P
O
M
S,
	P
ro
fil
e	
of
	M
oo
d	
St
at
es
;	

PV
T,
	P
sy
ch
om
ot
or
	V
ig
ila
nc
e	
Te
st
;	R
C
T,
	ra
nd
om
is
ed
	c
on
tr
ol
le
d	
tr
ia
l;	
Ro
B,
	ri
sk
	o
f	b
ia
s;
	S
SS
,	S
ta
nf
or
d	
Sl
ee
pi
ne
ss
	S
ca
le
;	W
G
,	w
ak
e	
gr
ou
p	
(n
o	
na
p)
.

a M
os

tly
 d

ue
 to

 m
ea

su
re

m
en

t o
f o

ut
co

m
e,

 c
ro

ss
-o

ve
r d

es
ig

n,
 u

se
d 

re
pe

at
ed

 m
ea

su
re

s 
an

al
ys

is
 b

ut
 d

id
 n

ot
 re

po
rt

 w
he

th
er

 th
er

e 
w

as
 a

 s
ig

ni
fic

an
t o

rd
er

 e
ff

ec
t o

r i
nt

er
ac

tio
ns

. 
b In

su
ff

ic
ie

nt
 in

fo
rm

at
io

n 
re

po
rt

ed
 a

bo
ut

 w
he

th
er

 p
ar

tic
ip

an
ts

/s
tu

dy
 s

ta
ff

 a
w

ar
e 

of
 a

ss
ig

ne
d 

in
te

rv
en

tio
n 

du
rin

g 
th

e 
tr

ia
l. 

c In
co

ns
is

te
nc

y 
m

ai
nl

y 
du

e 
to

 d
iff

er
en

ce
s 

in
 in

te
rv

en
tio

n,
 d

et
ai

ls
 o

f i
nt

er
ve

nt
io

n,
 a

nd
 m

et
ho

do
lo

gi
ca

l q
ua

lit
y 

am
on

g 
th

es
e 

st
ud

ie
s.

 
d S
m
al
l	s
am
pl
e	
si
ze
.	

e It 
w

as
 n

ot
 p

os
si

bl
e 

to
 c

he
ck

 p
ub

lic
at

io
n 

bi
as

 b
ec

au
se

 o
f t

he
 li

m
ite

d 
nu

m
be

r o
f t

ria
ls

 fo
r t

hi
s 

ou
tc

om
e.

 
f D

ue
 to

 c
ro

ss
-o

ve
r d

es
ig

n.
 

g In
su

ff
ic

ie
nt

 in
fo

rm
at

io
n 

re
po

rt
ed

 a
bo

ut
 ra

nd
om

is
at

io
n 

pr
oc

es
s 

to
 d

et
er

m
in

e 
w

he
th

er
 ra

nd
om

 a
llo

ca
tio

n 
se

qu
en

ce
. 

h S
om
e	
ou
tc
om
e	
da
ta
	n
ot
	a
va
ila
bl
e.
	

i D
ue

 to
 n

on
-r

an
do

m
 a

ss
ig

nm
en

t b
as

ed
 o

n 
de

m
an

ds
 a

nd
 in

te
rn

 c
ho

ic
e 

le
ad

in
g 

to
 p

ot
en

tia
l s

el
f-

se
le

ct
io

n 
bi

as
 a

nd
 d

ev
ia

tio
ns

 fr
om

 in
te

nd
ed

 in
te

rv
en

tio
ns

. 

TA
B

LE
 3

 
(C
on
tin
ue
d)



12 of 15  |     SHOLTES ET aL.

study provided very low quality evidence that using melatonin has 
a beneficial impact on sleep duration, mood, and attention related 
problems.

Another randomised, controlled intervention trial investigated 
whether	a	scheduled	40-min	nap	 improved	the	cognitive	and	psy-
chomotor performance in EM residents and registered nurses work-
ing	12-hr	night	shifts	(Smith-Coggins	et	al.,	2006).	The	investigators	
reported that the nap intervention had beneficial effects on phy-
sician and nurse performance specific to reaction times, subjective 
feeling of vigour and fatigue, and memory, but did not improve per-
formance on a simulated drive home after the night shift.

The data from these studies specific to GME trainees would add 
to	the	overall	findings	from	our	review.	We	were	unable	to	retrieve	
summary data from studies by contacting the corresponding au-
thors, so we could not analyse the data specific to residents. As a 
result, we did not include these two studies in the systematic review, 
but have discussed these findings.

4.1 | Implications for GME training

These have significant implications for GME trainees, GME adminis-
trators including programme directors, and accreditation bodies (e.g. 
ACGME).	The	large	ES	from	the	modafinil	(Sugden	et	al.,	2012)	and	caf-
feinated energy drink study (Huffmyer et al., 2019) may have the most 
significant	 implications	 for	GME	trainees	and	administrators.	For	ex-
ample, in the context of engaging in cognitively demanding tasks after 
a night of sleep deprivation, modafinil may be of benefit. Additionally, 
after	completing	6	night	float	shifts,	the	consumption	of	a	caffeinated	
energy drink may impact driving performance and reaction time as out-
lined previously. However, the use of pharmacological enhancement 
in the context of sleep deprivation may contribute to additional circa-
dian	rhythm	misalignment	 (Czeisler,	2010;	Czeisler	et	al.,	2009;	Rose	
&	Curry,	2009).	The	ES	for	the	melatonin	studies	were	relatively	small	
(i.e.	0–0.3)	implying	limited	benefit	for	GME	trainees	to	use	melatonin	
after	night	 float	 shifts	 (Shy	et	al.,	2011).	 Importantly,	 and	a	 strength	
of the present paper, the findings identify knowledge gaps that may 
serve to improve transparency, emphasise empirical evidence, high-
light inconsistencies and flawed study designs, and suggest areas for 
future research. Other strengths include using a protocol for the search 
and review process as outlined in the methods section. The paper 
also followed the GRADE approach towards assessing quality and the 
Revised	Cochrane	Risk	of	Bias	Tool	for	RCTs,	as	recommended	by	the	
Cochrane	collaboration	(Higgins	et	al.,	2011;	Ryan	&	Hill,	2016;	Sterne	
et al., 2019).

Despite	the	pervasiveness	of	night	float	shifts	and	the	ACGME	re-
quirement that programmes educate GME trainees about alertness 
management and fatigue mitigation, medical trainees are lacking sleep 
medicine knowledge and educational resources (Kirsch & Khosla, 2019). 
A	2011	survey	of	United	States	and	Canadian	medical	schools	indicated	
that	medical	students	receive	an	average	of	187	min	of	sleep	education	
during medical school training (Mindell et al., 2011). Another 2013 sur-
vey	 showed	 that	 the	majority	 of	UK-based	 residents	who	 completed	

night shifts were not aware of basic concepts related to increasing alert-
ness and fatigue prevention (e.g. taking a prophylactic nap prior to a night 
shift, the impact of sleep inertia on alertness, utilising interventions for 
adapting to the circadian rhythm) (Jackson & Moreton, 2013). No such 
survey	data	could	be	found	for	United	States	GME	trainees.

4.2 | Limitations

It is important to consider several additional limitations to the in-
cluded studies. The heterogeneity in the interventions, environ-
ments,	 and	 subjects	 as	well	 as	non-comparability	of	ES	precluded	
the ability to perform meta-analysis of the data, which is a major 
limitation.	The	ES	calculations	for	the	included	studies	ranged	widely	
(0–18.5)	and	only	one	study	 reported	 the	primary	outcome	meas-
ure (Huffmyer et al., 2019). Due to limitations in the data that were 
available,	 the	 ES	 calculations	 for	 the	 Tempesta	 paper	 either	 com-
pare all three groups (nap, no nap, sleep at home) over time (days 
1, 2, 3) or type of trial (task switching, go/no-go task, Karolinska 
Sleepiness	Scale	[KSS],	actiography)	over	time	 leading	to	relatively	
large	ES	 (range	3.4–18.5).	For	example,	 for	total	sleep	time	the	ES	
calculation	of	18.5	is	not	practically	useful,	as	 it	 is	comparing	WG,	
NG,	 and	 SG.	 It	may	 be	 problematic	 to	 draw	 conclusions	 from	 the	
Tempesta paper about whether napping during night float shifts 
leads to improvements in executive functioning, alertness, or sleep 
because	 outcome	 data	 are	 missing.	 Furthermore,	 the	 Tempesta	
paper initially appeared to be a clinical trial, but was redesigned as 
a quasi-experimental study (i.e. non-random assignment, no control 
over intervention, and non-equivalent comparison groups) based on 
training demands and intern choice, potentially allowing serious de-
viations from the intended intervention and bias due to participants’ 
expectations	of	benefits	from	their	choice	preferences.	The	Cavello,	
Jockovich, and Huffmyer protocols were limited by their cross-over 
designs, which did not include analysis for potential time or interven-
tion order effects. The Huffmyer study was also limited by having 
a single rather than a double-blind design (i.e. residents blinded to 
contents of drink). None of these studies examined the effects of 
circadian resetting with bright light therapy before and after shift 
changes,	an	intervention	with	demonstrated	benefits	in	SWD.

Additionally, it is unclear how the findings from each specialty 
training programme (e.g. paediatrics, EM, anaesthesiology, and sur-
gery) would generalise to other GME programmes, including fellowship 
training, which may have different programmatic demands. Moreover, 
due to the strict protocol design for most studies, the investigators’ 
findings may have limited practical applicability for programme direc-
tors	and	would	have	unclear	implications	for	GME	trainees.	For	exam-
ple, trainees considering ingesting a caffeinated energy drink prior to 
driving	home	after	completing	3	or	7	night	float	shifts,	as	opposed	to	
the	6	used	in	the	study,	would	appreciate	more	clear	evidence-based	
guidance regarding options. Other significant factors were not con-
trolled for in these studies, such as the influence of chronic sleep 
deprivation, pharmacogenetic characteristics, individual tolerance to 
shift work, length of night float shifts, influences of activity, caffeine 
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use, and ambient/environmental factors such as exposures to bright 
light,	temperature,	and	noise.	Finally,	although	an	experienced	medical	
librarian	 (JW)	performed	a	comprehensive	search,	and	we	used	best	
practice methodology, as well as included several relevant grey litera-
ture(Paez,	2017)	sources	(e.g.,	theses,	dissertations,	conference	posters	
and papers, ongoing research, and committee and government reports, 
as outlined in the literature search sub-section), it is possible that we 
may have missed potentially relevant papers.

5  | CONCLUSION

Graduate medical education training programmes are complex 
systems	 (Plsek,	 2001),	 and	 modifications	 to	 ACGME	 duty	 hours	
regulations should be based on empirical evidence that considers 
the impact on trainees well-being and education, as well as on pa-
tient	quality	of	care	and	safety	(Fletcher	et	al.,	2010;	Rosenbaum	&	
Lamas,	2012).	With	these	goals	in	mind,	the	present	review	has	as-
sessed and summarised the available published data on interventions 
that may be beneficial for GME trainees to utilise when preparing for 
or recovering from night float shift work. The study outcomes sug-
gest GME trainees may benefit from using interventions during/after 
night float shifts. However, the quality of this evidence is considered 
to be low or very low, highlighting the need for further investiga-
tion. Our present analysis was limited due to a paucity of available 
data.	Without	good	data,	it	is	not	surprising	that	there	is	insufficient	
evidence for interventions to guide graduate training programmes to 
help	GME	trainees	navigate	working	night	float	shifts.	Future	studies	
involving trainees from a broader and more diverse range of medical 
and surgical specialties are needed.
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