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Background:	 Environmental	 lighting	 can	 potentially	 affect	 weight	 gain	 and	
the	 length	 of	 stay	 in	 Neonatal	 Intensive	 Care	 Unit	 (NICU)	 among	 premature	
neonates.	 Yet,	 there	 are	 controversies	 about	 the	 best	 way	 of	 lighting	 in	 these	
units.	 Objectives:	 The	 aim	 of	 this	 study	 was	 to	 compare	 the	 effects	 of	 cycled	
lighting	 (CL)	 and	 constant	 lighting	on	weight	 gain	 and	 the	 length	of	 stay	 in	NICU	
among	 premature	 neonates.	Methods:	 This	 two‑group	 randomized	 controlled	 trial	
was	conducted	on	78	premature	neonates	hospitalized	in	NICU	of	Mofid	Children’s	
Hospital,	Tehran,	Iran.	Neonates	in	the	intervention	group	were	treated,	for	15	days,	
with	 CL.	 Neonates	 in	 the	 control	 group	 were	 exposed	 to	 constant	 lighting	 of	 the	
unit.	Neonates	in	both	groups	were	weighed	every	morning	at	07:30	and	their	length	
of	stay	in	the	unit	was	recorded	in	days.	Data	analysis	was	done	through	Chi‑square	
test,	independent‑samples	t‑test,	and	Mann–Whitney	U‑test	and	the	two‑way	analysis	
of	variance.	The	random‑effects	spline	model	was	employed	 to	compare	 the	groups	
in	 terms	 of	 the	 trend	 of	weight	 variations	 over	 time.	Results:	Neonates’	weight	 in	
both	 groups	 decreased	 during	 the	first	 7	 days	 of	 hospitalization	 and	 then	 started	 to	
increase	 from	 the	 8th	 day.	 The	 groups	 did	 not	 significantly	 differ	 from	 each	 other	
respecting	neonates’	weight	 in	 the	first	 8th	 days	 (P	 =	 0.857),	while	weight	mean	 in	
days	9–15	in	 the	intervention	group	was	significantly	greater	 than	the	control	group	
by	at	least	25.25	g	in	the	9th	day	and	159.95	g	in	the	15th	day	(P	<	0.001).	Statistically	
significant	 differences	 were	 observed	 between	 the	 two	 groups	 in	 terms	 of	 daily	
weight	gain	(14.63	±	5.64,	29.17	±	7.32)	with	gender	being	unadjusted	(P	=	0.005)	
and	 adjusted	 (P	 =	 0.001).	 However,	 no	 significant	 between‑group	 differences	
were	 observed	 in	 terms	 of	 the	 length	 of	 stay	 (18.18	 ±	 10.21,	 18.29	 ±	 12	 days)	
in	 NICU	 with	 gender	 being	 unadjusted	 (P	 =	 0.939)	 and	 adjusted	 (P	 =	 0.990).	
Conclusions:	 CL	 is	 effective	 in	 improving	 premature	 neonates’	 weight	 gain	 but	
ineffective	in	shortening	their	stay	in	NICU.
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Hospitalization	 in	 NICU	 poses	 numerous	 risks	 to	
premature	 neonates.	Major	 risks	 are	 related	 to	 invasive	
and	 costly	 procedures,[3]	 nosocomial	 infections,	 sepsis,	

Original Article

Introduction

A round	 310	 million	 neonates	 are	 born	 annually	 in	
the	 world,	 while	 15%	 of	 them	 are	 premature.[1]	

Premature	neonates	need	life	support	services	and	hence	
are	hospitalized	in	Neonatal	Intensive	Care	Unit	(NICU).	
The	 demand	 for	 premature	 neonates’	 hospitalization	 in	
NICU	 has	 significantly	 increased	 with	 scientific	 and	
technological	advancements.[2]
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bronchopulmonary	 dysplasia,	 necrotizing	 enterocolitis,	
retinopathy,[4]	 impaired	 growth	 and	 development,	 and	
poor	 weight	 gain.[5]	 These	 risks	 can	 prolong	 NICU	
stay.[4,6]	 Evidence	 reports	 high	 rates	 of	 prolonged	
hospitalization	 in	 developing	 countries[7]	 with	 a	 mean	
NICU	stay	of	as	high	as	33	days.[8]

Environmental	 stimuli	 in	 NICUs,	 such	 as	 continuous	
and	 harsh	 lighting,	 are	 among	 the	major	 factors	 behind	
poor	weight	gain	and	prolonged	NICU	stay.	Neonates	in	
NICU	are	almost	constantly	exposed	 to	harsh	 lighting,[9]	
which	 can	make	 them	highly	 susceptible	 to	 growth	 and	
sleep	 disorders,	 and	 altered	 circadian	 rhythms.	 Altered	
circadian	 rhythms,	 in	 turn,	 decrease	 arterial	 oxygen	
saturation,	 reduce	 weight	 gain,	 and	 impair	 normal	
metabolism.	All	 these	 complications	 can	 prolong	NICU	
stay.[10,11]	Therefore,	appropriate	 lighting	is	of	paramount	
importance	 to	 neonates’	 weight	 gain,	 growth	 and	
development,	and	NICU	stay.

There	 are	 great	 controversies	 about	 the	 best	 way	 of	
lighting	 in	 NICUs.[12]	 A	 study	 showed	 that	 cycled	
lighting	 (CL)	 had	 no	 significant	 effects	 on	 weight	
gain	 and	 hospital	 stay,[13]	 while	 another	 reported	 its	
effectiveness	 in	 improving	 weight	 gain	 and	 shortening	
hospital	 stay.[14]	 One	 study	 also	 indicated	 that	 CL	
significantly	improved	weight	gain	and	had	no	significant	
effects	on	the	duration	of	mechanical	ventilation	and	the	
length	of	NICU	stay.[15]	Furthermore,	a	study	reported	no	
significant	 difference	 between	 the	 effects	 of	 white	 and	
red	 lighting	 during	 nursing	 interventions	 on	 neonates’	
weight	 gain.[16]	 Due	 to	 the	 contradictory	 results	 of	
previous	 studies,	 further	 studies	 are	 still	 needed	 to	
produce	more	credible	results	respecting	the	best	way	of	
lighting	in	NICUs.

Objectives
The	aim	of	 this	 study	was	 to	compare	 the	effects	of	CL	
and	 constant	 lighting	 on	 weight	 gain	 and	 NICU	 stay	
among	premature	neonates.

Methods
Study design and participants
This	 two‑group	 randomized	 controlled	 trial	 was	
conducted	in	NICU	of	Mofid	Children’s	Hospital,	Tehran,	
Iran.	 The	 study	 population	 comprised	 all	 premature	
neonates	 hospitalized	 in	 NICU.	 Inclusion	 criteria	 were	
a	 gestational	 age	 of	 30–37	 weeks,	 a	 birth	 weight	 of	
1500–2500	g,	a	1‑min	Apgar	score	of	at	 least	7,	absence	
of	 life‑threatening	 health	 conditions	 or	 congenital	
diseases,	 hospitalization	 in	 NICU	 within	 the	 first	 6	 h	
after	 birth,	 and	 exclusive	 breastfeeding	 by	 a	 nonsmoker,	
nondrug	 addict,	 nonalcoholic	 mother.	 Neonates	 were	
excluded	 if	 they	 became	 critically	 ill,	 died,	 transferred	

to	 other	 settings,	 needed	 surgery,	 developed	 jaundice,	
or	 needed	 lengthy	 nighttime	 medical	 or	 nursing	
interventions	which	lasted	>30	min.

Sample	 size	 was	 calculated	 according	 to	 the	 results	
of	 a	 previous	 study[9]	 and	 with	 a	 d	 (or	 effect	 size)	 of	
0.5,	 a	 Type	 I	 error	 of	 0.05,	 a	 Type	 II	 error	 of	 0.05,	
a	 ρ	 (i.e.,	 coefficient	 of	 the	 correlation	 of	 repeated	
weights)	of	0.5,	 and	an	m	 (or	number	of	hospitalization	
days)	 of	 21.[17]	 Accordingly,	 sample	 size	 calculation	
equation	(n1	= n2=	 [(1	+	(m	−	1)p)(Z1	–	α/2	+ Z1	–	β)

2]/md2)	
indicated	that	sample	size	was	33–66	in	total.	Therefore,	
78	neonates	were	consecutively	selected	from	May	2016	
to	 January	 2017.	 Recruited	 neonates	 were	 randomly	
assigned	to	control	and	intervention	groups.	For	random	
assignment,	 39	 numbers	 1	 and	 39	 numbers	 2	 were	
entered	into	one	column	in	the	Microsoft	Excel	software,	
and	then,	the	RAND	function	was	used	to	randomize	the	
numbers.	Then,	 the	generated	 sequence	of	numbers	was	
used	for	the	random	allocation	of	neonates	to	the	groups.

Instruments
A	 personal	 characteristic	 questionnaire	 was	 used	 for	
data	collection.	The	items	of	the	questionnaire	addressed	
participants’	 gender,	 birth	 weight,	 reason	 for	 NICU	
hospitalization,	 gestational	 age,	 1‑	 and	 5‑min	 Apgar	
scores,	 route	 of	 delivery,	 daily	 weight,	 and	 the	 length	
of	 NICU	 stay.	 The	 data	 for	 this	 questionnaire	 were	
extracted	 from	 participants’	 medical	 records.	 Besides,	
daily	 weight	 measurement	 was	 performed	 through	 a	
high‑precision	 weighing	 scale	 with	 a	 precision	 of	 10	 g	
(Advanced	Digital	Equipment	Company,	Germany).

Intervention
Neonates	 in	 the	 intervention	 group	 were	 provided	
with	 CL,	 while	 their	 counterparts	 in	 the	 control	 group	
received	 constant	 lighting.	 CL	 consisted	 of	 12	 h	
of	 normal	 NICU	 lighting	 from	 07:00	 to	 19:00	 and	
12	 h	 of	 reduced	 lighting	 from	 19:00	 to	 07:00.	Reduced	
lighting	 was	 created	 using	 a	 sheet	 of	 acrylic	 glass	
(commercially	 known	 as	 plexiglass)	 covered	 by	 a	
dimming	 cotton	 cover.[9]	This	 sheet	 and	 cover	 had	 been	
designed	 so	 that	 they	did	not	 interfere	with	 routine	care	
delivery	to	neonates	and	were	used	while	neonates	were	
in	warmer	 [Figure	 1].	However,	when	neonates	were	 in	
incubator,	 the	 incubator	was	 covered	 by	 a	 cotton	 fabric	
instead	of	the	dimming	cover	in	order	to	allow	air	flow	in	
and	out	of	 the	 incubator	 [Figure	2].	The	color,	 size,	and	
material	 of	 the	 cover	 were	 determined	 after	 consulting	
ten	nursing	managers	and	pediatricians.	The	intervention	
continued	at	 least	 for	15	days	or	up	 to	NICU	discharge.	
CL	was	 implemented	by	 the	nurses	of	 the	study	setting.	
Before	 the	 intervention,	 the	first	 and	 the	 second	authors	
provided	 instructions	 about	 the	 study	 intervention	 to	 all	
nurses	 in	 the	morning,	evening,	and	night	shifts	 in	 three	
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separate	 sessions.	 Moreover,	 both	 authors	 supervised	
the	 accurate	 implementation	 of	 the	 study	 intervention	
throughout	 the	 study	 through	 unannounced	NICU	 visits	
in	 different	 shifts.	 On	 the	 other	 hand,	 neonates	 in	 the	
control	 group	 were	 exposed	 to	 the	 constant	 lighting	 of	
the	 study	 setting.	 Every	 morning	 throughout	 the	 study	
at	 07:30,	 nurses	 weighed	 all	 participants	 naked	 and	
recorded	 their	 weights	 in	 their	 medical	 records.	 Due	 to	
the	nature	of	the	intervention,	blinding	was	not	possible.

Ethical considerations
This	 study	 was	 approved	 by	 the	 Research	 Ethics	
Committee	 of	 Shahid	 Beheshti	 University	 of	 Medical	
Sciences,	 Tehran,	 Iran	 (approval	 code:	 IR.SBMU.
RAM.REC1394.606).	 In	 addition,	 the	 study	 obtained	
registration	 from	 the	 Iranian	 Registry	 of	 Clinical	 Trials	
(registration	 code:	 IRCT2016073129141N1).	 The	 study	
aim	was	 explained	 to	 the	 parents	 of	 all	 participants	 and	
they	were	assured	that	their	neonates’	participation	in	the	
study	 would	 be	 voluntary,	 their	 information	 would	 be	
kept	 confidential,	 and	 their	 refusal	 to	 participate	 would	
not	 affect	 care	 delivery	 to	 their	 neonates.	 The	 mothers	
of	 neonates	 in	 the	 intervention	group	were	 taught	 about	
how	 to	 use	 the	 dimming	 cover,	 their	 questions	 were	
answered,	 and	 they	 were	 assured	 of	 their	 neonates’	
safety.	 Finally,	 informed	 consent	 was	 obtained	 from	 all	
parents.

Data analysis
The	 collected	 data	 were	 analyzed	 through	 the	 SPSS	
software	 v.	 13.0	 (SPSS	 Inc.,	Chicago,	 IL,	USA).	Mean,	
median,	standard	deviation,	and	 interquartile	 range	were	
used	 to	 describe	 numerical	 variables,	 while	 absolute	
and	 relative	 frequencies	 were	 employed	 to	 describe	
categorical	variables.	Chi‑square	and	Fisher’s	exact	tests	
were	 conducted	 to	 compare	 the	 groups	with	 each	 other	
in	 terms	 of	 categorical	 variables	 such	 as	 gender,	 route	
of	 delivery,	 and	 reason	 for	 hospitalization.	 Moreover,	
independent‑samples	 t‑test	 and	 Mann–Whitney	 U‑test	
were	 conducted	 to	 compare	 the	 groups	 respecting	
numerical	 variables	 such	 as	 birth	 weight	 and	 Apgar	
scores.	 The	 two‑way	 analysis	 of	 variance	 was	 also	
used	 to	 adjust	 the	 effects	 of	 gender	 and	 compare	 the	

groups	 respecting	 weight	 gain	 and	 NICU	 stay.	 The	
random‑effects	 spline	 model[18]	 was	 also	 employed	 to	
compare	 the	 groups	 in	 terms	 of	 the	 trend	 of	 weight	
variations	over	time.

Results
The	primary	sample	of	the	study	comprised	78	premature	
neonates.	Before	 allocation,	 two	 participants	 voluntarily	
withdrew	 from	 the	 study	 and	 were	 replaced	 with	 two	
new	 ones	 with	 the	 inclusion	 criteria.	 Thus,	 39	 were	
allocated	to	the	intervention	and	39	to	the	control	groups.	
After	that,	four	neonates	from	the	intervention	group	and	
six	 neonates	 from	 control	 group	 were	 excluded	 due	 to	
different	 reasons.	Accordingly,	 the	 study	was	 completed	
with	33	neonates	in	each	group	[Figure	3].

All	neonates	were	exclusively	breastfed.	No	 statistically	
significant	 differences	 were	 observed	 between	 the	
groups	respecting	neonates’	 route	of	delivery,	 reason	for	
hospitalization,	gestational	age,	and	1‑	and	5‑min	Apgar	
scores	 (P	 >	 0.5).	 However,	 the	 groups	 significantly	
differed	respecting	gender	[P	=	0.041;	Table	1].

A	 weight	 loss	 was	 observed	 in	 both	 groups	 during	 the	
first	 7	 days	 of	 hospitalization	 (i.e.,	 the	first	 7	 days	 after	
birth).	However,	from	the	8th	day,	neonates	in	both	groups	
started	 to	 gain	 weight.	 Weight	 gain	 in	 the	 intervention	
group	 was	 significantly	 greater	 than	 the	 control	 group	
with	 both	 gender	 being	 unadjusted	 (P	 =	 0.005)	 and	
adjusted	[P	=	0.001;	Tables	2	and	3].

As	mentioned	in	the	method	section,	the	intervention	was	
continued	for	at	least	15	days	or	up	to	the	time	of	NICU	
discharge.	 Among	 66	 neonates,	 34	 were	 discharged	
before	 15	 days.	 In	 other	 words,	 only	 32	 neonates	 were	
hospitalized	 for	 at	 least	 15	 days.	 On	 the	 other	 hand,	
according	 to	 Figure	 4,	 the	 mean	 weight	 variations	 in	
both	 groups	 were	 almost	 initially	 downward	 and	 then	

Figure 1:	Equipment	for	lighting	reduction	while	the	neonate	is	in	warmer

Figure 2:	 Equipment	 for	 lighting	 reduction	while	 the	 neonate	 is	 in	
incubator
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Table 2: The means of weight and weight change in both groups
Hospitalization 
day

n Weight change (mean±SD)
Control Intervention Control Intervention

1 33 33 −26.33	±	27.41 −18.48	±	17.87
2 33 33 −33.03	±	42.97 −29.69	±	39.72
3 33 33 −20.18	±	47.14 −18.48	±	18.39
4 33 33 −35.45	±	25.18 −26.66	±	44.06
5 33 33 −33.93	±	47.36 −18.18	±	18.27
6 33 31 −34.54	±	29.05 −12.78	±	18.49
7 31 31 −11.29	±	32.48 −9.67	±	28.62
8 31 31 17.56	±	21.14 19.67	±	28.01
9 27 29 10.37	±	18.49 19.62	±	26.95
10 25 27 12.96	±	21.45 21.11	±	25.77
11 20 27 12.95	±	19.19 19.62	±	26.38
12 18 24 18.51	±	22.48 21.48	±	26.55
13 15 21 16.15	±	21.73 17.03	±	28.52
14 15 19 17.69	±	21.96 20.38	±	25.99
15 15 17 14.23	±	17.24 25.38	±	26.11
SD:	Standard	deviation

Table 3: Between-group comparisons respecting the means of weight gain and length of Neonatal Intensive Care Unit 
stay before and after adjusting for gender

Variable Groups Test statisticsb Pb Test statisticsc Pc

Control Intervention
Weight	gaina 14.63	±	5.64 29.17	±	7.32 −7.98 <0.001 56.75 <0.001
Length	of	NICU	stay,	day 18.18	±	10.21 18.39	±	12.01 0.54 0.939 <0.0001 0.990
aWeight	gain	is	calculated	through	dividing	the	difference	between	discharge	weight	and	the	9th	day	weight	by	the	length	of	NICU	stay	in	days;	
bUnadjusted	comparison	through	the	independent‑samples	t‑test;	cGender‑adjusted	comparison	via	the	two‑way	ANOVA.	NICU:	Neonatal	
Intensive	Care	Unit,	ANOVA:	Analysis	of	variance

upward.	Due	 to	 these	 reasons,	 the	 random‑effects	 spline	
model	 was	 the	 best	 statistical	 method	 to	 compare	 the	
study	groups	and	 the	gender	groups	respecting	 the	 trend	
of	 weight	 variations.	 Its	 results	 showed	 that	 the	 mean	
of	 male	 neonates’	 weight	 was	 significantly	 greater	
than	 female	 participants	 by	 215.64	 g,	 suggesting	 the	

significant	 effects	 of	 gender	 on	 weight	 (P	 =	 0.005).	
Moreover,	 the	 mean	 of	 neonates’	 weight	 in	 the	
intervention	 group	 was	 insignificantly	 greater	 than	 the	
control	 group	 by	 0.35,	 0.70,	 1.05,	 1.40,	 1.75,	 2.10,	
2.45,	 and	 2.8	 g	 in	 days	 1–8,	 respectively	 (P	 =	 0.857).	
However,	 weight	 mean	 in	 the	 intervention	 group	 was	

Table 1. Between-group comparisons respecting neonates’ demographic characteristicsa

Variables Category Groups Test 
statistics

P
Control Intervention

Gender 4.19 0.041b
Female 16	(48.5) 8	(24.2)
Male 17	(51.5) 25	(75.8)

Route	of	delivery 1.98 0.159b
Normal	vaginal 6	(18.2) 11	(33.3)
Cesarean	section 27	(81.8) 22	(66.7)

Reason	for	hospitalization 1.95 0.163c
Respiratory	distress	syndrome 32	(97.0) 29	(87.9)
Apnea	of	prematurity 1	(3.0) 4	(12.1)

Gestational	age	(weeks) ‑ 32.67±1.96 32.97±1.81 0.65 0.517d
Birth	weight	(g) ‑ 1911.0±363.63 1903.0±340.41 0.28 0.928d
1	min	Apgar,	median	(IQR) ‑ 7	(1) 7	(1) 0.55 0.580e

5	min	Apgar,	median	(IQR) ‑ 8	(1) 8	(2) 0.11 0.914e
aData	are	presented	as	n	(%)	or	mean±SD,	bChi‑squared	test,	cFisher’s	exact	test,	dt‑test,	eMann‑Whitney	U	test.	SD:	Standard	deviation,	
IQR:	Interquartile	range
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significantly	 greater	 than	 the	 control	 group	 by	 25.25,	
47.70,	 70.15,	 92.60,	 115.05,	 137.50,	 and	 159.95	 g	 in	
days	9–15,	respectively	[P	<	0.001;	Table	4].

The	means	of	NICU	stay	in	the	control	and	intervention	
groups	were	 18.18	 ±	 10.21	 (with	 a	 range	 of	 6–46)	 and	
18.39	±	12.01	(with	a	range	of	5–44)	days,	respectively.	
Between‑group	difference	 respecting	 the	mean	of	NICU	
stay	was	 not	 statistically	 significant	 neither	with	 gender	
being	 unadjusted	 (P	 =	 0.939)	 nor	 with	 gender	 being	
adjusted	(P	=	0.990).

Discussion
This	 study	 aimed	 to	 compare	 the	 effects	 of	 CL	 and	
constant	 lighting	 on	weight	 gain	 and	NICU	 stay	 among	
premature	neonates.	Neonates	in	both	groups	were	found	
to	lose	weight	during	the	first	7	days	of	the	intervention.	

The	 mean	 of	 weight	 in	 the	 intervention	 group	 was	 not	
significantly	different	 from	 the	control	group	 in	 the	first	
8	 days.	 From	 the	 8th	 to	 the	 15th	 days,	 neonates	 in	 both	
groups	 started	 to	 gain	 weight.	 The	 mean	 of	 weight	 in	
the	 intervention	 group	 was	 significantly	 greater	 than	
the	 control	 group	 during	 the	 study.	 Weight	 loss	 in	 the	
1st	 week	 and	 weight	 gain	 in	 the	 2nd	 week	 of	 the	 study	
can	 be	 attributed	 to	 the	 fact	 that	 almost	 all	 neonates	
physiologically	 lose	 10%–15%	 of	 their	 birth	 weight	 in	
the	 1st	 week	 after	 birth	 and	 then	 start	 to	 gain	 weight.[9]	
Of	course,	the	significantly	higher	weight	in	the	2nd	week	
of	 the	 study	 in	 the	 intervention	group	can	be	due	 to	 the	
positive	effects	of	CL.

In	line	with	our	findings,	an	earlier	study	also	reported	
that	 the	 mean	 of	 neonates’	 weight	 in	 the	 CL	 group	
was	150	g	more	 than	 the	 control	group	at	 the	21st	 day	
of	 their	 study.	 Moreover,	 they	 found	 CL	 effective	 in	
improving	 oxygen	 saturation,	 promoting	 heart	 rate	
stability,	 and	 establishing	 a	 regular	 daily	 melatonin	
rhythm.[9]	 Another	 study	 reported	 that	 CL	 using	 a	
mirror‑like	 light	 filter	 from	 20:00	 PM	 to	 05:30	 AM,	
which	protected	neonates	in	incubator	from	exposure	to	
visual	wavelengths	of	 light	 and	 significantly	 improved	
weight	 gain	 among	 premature	 neonates.[19]	 Similarly,	
a	 study	 proved	 that	 CL	 (i.e.,	 darkness	 from	 19:00	 to	
07:00	and	normal	lighting	from	07:00	to	19:00)	caused	
significant	 positive	 physiological	 changes	 compared	
with	 constant	 lighting.[20]	 Together	 with	 our	 study,	
all	 these	 studies	 highlight	 the	 importance	 of	 CL	 to	
premature	 neonates’	 health,	 growth,	 and	 development.	
However,	 some	 studies	 contradicted	 our	 findings.	 For	
instance,	 a	 study	 on	 very	 low‑birth‑weight	 premature	
neonates	 showed	 that	 constant	 24‑h	 near	 darkness	
using	 light‑reducing	 goggles	 for	 at	 least	 4	 whole	
weeks	 had	 no	 significant	 positive	 effects	 on	 weight	

Table 4: The results of the random-effects spline model 
for comparing the groups in terms of the trend of weight 

variations over time
Parameter Category Estimate SE P
Intercept ‑ 1952.21 46.56 ‑
Gender Female ‒215.64 76.98 0.005

Male 0 ‑
Hospitalization	day ‑ ‒5.46 1.38 <0.001
Hospitalization	day	‑	8+a ‑ 17.79 2.74 <0.001
Group	×	hospitalization	
day

Intervention 0.35 1.94 0.857
Control 0 ‑

Group	×	(hospitalization	
day	‑	8)+

Intervention 22.10 3.80 <0.001
Control 0 ‑

Variance	of	random	effects ‑ 90037 13785 ‑

0 Hospitalization day £8
Hospiatalixattionday-8 :Hospitalizationday>8

ì
í
î

a(Hospitalization day-8)+ =

	SE:	Standard	

error

Figure 4:	The	mean	neonates’	weight	 in	 the	control	 and	 intervention	
groups	by	the	day	of	hospitalization

Assessed for eligibility (n = 78)

Randomized (n = 78)

Two participants withdrew
from the study and

replaced with 2 new ones 

Allocated to cycled lighting
(n = 39)

Allocated to constant lighting
(n = 39)

Lost to follow up (n = 6) 
- Treated with phototherapy (n = 1)
- Prolonged procedures (n = 2)
- Cancellation of the study (n = 2)
- Death (n = 1)

Lost to follow up (n = 6)
- Treated with phototherapy
  (n = 4)
- Prolonged procedures (n = 2)

Analyzed (n = 33) Analyzed (n = 33)

 

Figure 3:	The	consort	flow	diagram	of	the	study
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as	 CL,	 can	 also	 improve	 parental	 satisfaction	 through	
improving	 neonatal	 outcomes	 without	 imposing	 heavy	
costs	on	parents	and	health‑care	systems.

Acknowledgment
The	 authors	would	 like	 to	 express	 their	 gratitude	 to	 the	
physicians	 and	nurses	 of	Mofid	Children’s	Hospital	 and	
also	to	the	parents	of	participating	neonates.

Financial support and sponsorship
This	 article	 came	 from	 a	 master’s	 thesis	 in	 Neonatal	
and	 Pediatric	 Intensive	 Care	 Nursing	 approved	 and	
financially	 supported	 by	 Shahid	 Beheshti	 University	 of	
Medical	Sciences,	Tehran,	Iran.

Conflicts of interest
There	are	no	conflicts	of	interest.

References
1.	 World	 Health	 Organization.	 Preterm	 Birth;	 2017.	 Available	

from:	 http://www.who.int/mediacentre/factsheets/fs363/en.	 [Last	
accessed	on	2016	Nov	16].

2.	 Klock	P,	Erdmann	AL.	Caring	for	newborns	in	a	NICU:	Dealing	
with	 the	 fragility	 of	 living/surviving	 in	 the	 light	 of	 complexity.	
Rev	Esc	Enferm	USP	2012;46:45‑51.

3.	 Verklan	MT,	Walden	M.	Core	Curriculum	for	Neonatal	Intensive	
Care	 Nursing.	 5th	 ed.	 St.	 Louis,	 Missouri:	 Elsevier	 Health	
Science;	2014.

4.	 Jefferies	 AL;	 Canadian	 Paediatric	 Society,	 Fetus	 and	 Newborn	
Committee.	 Going	 home:	 Facilitating	 discharge	 of	 the	 preterm	
infant.	Paediatr	Child	Health	2014;19:31‑42.

5.	 Als	 H.	 Newborn	 individualized	 developmental	 care	 and	
assessment	 program	 (NIDCAP):	 New	 frontier	 for	 neonatal	 and	
perinatal	medicine.	J	Neonat	Perinat	Med	2009;2:135‑47.

6.	 Gleason	CA,	Devaskar	Sh	U.	Avery’s	Diseases	of	 the	Newborn.	
Philadelphia:	Elsevier/Saunders;	2012.

7.	 Martin	 RJ,	 Fanaroff	 AA,	 Walsh	 MC.	 Fanaroff	 and	 Martin’s	
Neonatal‑Perinatal	 Medicine:	 Diseases	 of	 the	 Fetus	 and	 Infant.	
Philadelphia:	Elsevier	Health	Science;	2014.

8.	 Alizadeh	 P,	 Goudarzi	 Z,	 Shariat	 M,	 Nariman	 S.	 Effect	 of	
sunflower	 oil	 massage	 on	 length	 of	 hospital	 stay	 in	 preterm	
infants	 in	 selected	 hospitals	 of	 Tehran	 University	 of	 Medical	
Sciences	in	2012.	J	Alborz	Univ	Med	Sci	2013;2:59‑66.

9.	 Vásquez‑Ruiz	 S,	 Maya‑Barrios	 JA,	 Torres‑Narváez	 P,	
Vega‑Martínez	 BR,	 Rojas‑Granados	 A,	 Escobar	 C,	 et al.	 A	
light/dark	 cycle	 in	 the	 NICU	 accelerates	 body	 weight	 gain	 and	
shortens	 time	 to	 discharge	 in	 preterm	 infants.	 Early	 Hum	 Dev	
2014;90:535‑40.

10.	 Niknajad	A,	 Ghojazadeh	M,	 Sattarzadeh	 N,	 Bashar	 Hashemi	 F,	
Dezham	 Khoy	 Shahgholi	 F.	 Factors	 affecting	 the	 Neonatal	
Intensive	 Care	 Unit	 stay	 duration	 in	 very	 low	 birth	 weight	
premature	infants.	J	Caring	Sci	2012;1:85‑92.

11.	 Morag	 I,	Ohlsson	A.	Cycled	 light	 in	 the	 Intensive	Care	Unit	 for	
preterm	 and	 low	 birth	 weight	 infants.	 Cochrane	 Database	 Syst	
Rev	2013;	Issue	1.	Art.	No.:CD006982.

12.	 Lebel	 V,	 Aita	 M,	 Johnston	 C,	 Héon	 M,	 Dupuis	 F.	 Effects	 of	
cycled	lighting	versus	continuous	near	darkness	on	physiological	
stability	and	motor	activity	 level	 in	preterm	 infants.	Adv	Neonat	
Care	2017;17:282‑91.

13.	 Guyer	C,	Huber	R,	Fontijn	J,	Bucher	HU,	Nicolai	H,	Werner	H,	
et al.	 Cycled	 light	 exposure	 reduces	 fussing	 and	 crying	 in	 very	

gain.[21]	 An	 explanation	 for	 this	 contradiction	 is	 the	
fact	 that	 constant	near	darkness	does	not	 stimulate	 the	
healthy	 development	 of	 circadian	 rhythms.	 Moreover,	
placing	 goggles	 on	 premature	 neonates’	 face	 can	 be	
annoying	 and	 irritating	 and	 can	 negatively	 affect	
neonates’	 weight	 gain.	Another	 study	 also	 showed	 no	
significant	 difference	 between	 the	 effects	 of	 CL	 and	
dim	 lighting	 (both	 started	 in	 hospital	 and	 continued	
after	 hospital	 discharge)	 on	 weight	 gain	 of	 premature	
infants.[22]	 This	 insignificant	 difference	 between	 the	
effects	of	CL	and	dim	 lighting	on	weight	gain	may	be	
due	 to	 the	 similar	 effects	 of	 CL	 and	 dim	 lighting	 on	
weight	 gain.	Another	 explanation	may	be	 the	 fact	 that	
CL	 at	 home	 was	 implemented	 by	 parents	 without	 the	
direct	 supervision	 of	 the	 researchers.	 Consequently,	
parents	 might	 have	 had	 no	 close	 adherence	 to	 the	
CL	 protocol	 of	 that	 study.	 By	 applying	 LD	 cycle,	
environmental	 stress	 and	 the	 complications	 of	
premature	 infants	 in	 the	 NICU	 can	 be	 reduced,	
resulting	in	better	weight	gain	of	the	premature	infants.

Our	 findings	 also	 showed	 that	 CL	 had	 no	 significant	
effects	on	premature	neonates’	NICU	stay.	 In	contrast,	a	
study	revealed	that	CL	significantly	shortened	NICU	stay	
among	premature	neonates.[9]	This	discrepancy	might	be	
attributed	 to	 the	 differences	 in	 the	 NICU	 settings	 and	
the	 used	 cycled	 protocols	 in	 the	 studies.	 The	 length	 of	
premature	 neonates’	 stay	 in	 NICU	 is	 a	 good	 indicator	
for	 assessing	 the	 quality	 of	 health‑care	 services.[23]	
Prolonged	 NICU	 stay	 can	 impose	 heavy	 costs	 on	 both	
neonates’	 families	 and	 health‑care	 systems.	 Therefore,	
prospective	 multicenter	 studies	 are	 recommended	 to	
determine	 the	 factors	 behind	 the	 length	 of	 NICU	 stay	
among	premature	neonates.

One	 of	 the	 most	 important	 limitations	 of	 the	 present	
study	was	its	nonblind	design.	Moreover,	the	sample	size	
was	 relatively	 small,	 and	 the	 study	 setting	was	 a	 single	
NICU.	 Therefore,	 the	 findings	 should	 be	 generalized	
to	 other	 settings	 with	 caution.	 Further	 multicenter	
investigations	are	still	needed	to	provide	strong	evidence	
respecting	 the	 effects	 of	 CL	 on	 weight	 gain	 and	 NICU	
stay	among	premature	neonates.

Conclusion
The	 present	 study	 showed	 the	 ineffectiveness	 of	 CL	
in	 shortening	 NICU	 stay	 and	 its	 effectiveness	 in	
significantly	 improving	 weight	 gain	 among	 premature	
neonates	during	 the	first	15	postnatal	days.	The	findings	
of	 this	 study	 can	 be	 used	 to	 improve	 nursing	 students’	
knowledge	 about	 the	 positive	 effects	 of	 CL.	Moreover,	
NICU	 nurses	 can	 use	 the	 findings	 to	 improve	 neonatal	
outcomes	 among	 premature	 neonates	 hospitalized	 in	
NICUs.	 Simple	 inexpensive	 nursing	 measures,	 such	

[Downloaded free from http://www.nmsjournal.com on Tuesday, July 31, 2018, IP: 10.232.74.26]



99Nursing and Midwifery Studies ¦ Volume 7 ¦ Issue 3 ¦ July-September 2018

Farahani, et al.: Effects of cycled and constant lighting on weight gain and length of stay among premature neonates

preterm	infants.	Pediatrics	2012;130:e145‑51.
14.	 Esmaeilizadeh	M,	Shoja	M,	Shoja	E,	Shoja	M,	Nejat	H,	Oudi	D.	

Comparing	 the	 effects	 of	 continuous	 and	 cyclical	 lightings	 on	
weight	gain	and	length	of	hospital	stay	among	preterm	neonates.	
Mod	Care	J	2016;13:e8951.

15.	 Brandon	DH,	Holditch‑Davis	D,	Belyea	M.	Preterm	infants	born	at	
less	than	31	weeks’	gestation	have	improved	growth	in	cycled	light	
compared	with	continuous	near	darkness.	J	Pediatr	2002;140:192‑9.

16.	 Kaneshi	Y,	Ohta	H,	Morioka	K,	Hayasaka	I,	Uzuki	Y,	Akimoto	T,	
et al.	Influence	of	light	exposure	at	nighttime	on	sleep	development	
and	body	growth	of	preterm	infants.	Sci	Rep	2016;6:21680.

17.	 Diggle	 PJ,	Liang	KY,	Zeger	 SL.	Analysis	 of	Longitudinal	Data.	
Oxford,	England:	Oxford	University	Press;	2002.

18.	 Fitzmaurice	 GM,	 Laird	 NM,	 Ware	 JH.	 Applied	 Longitudinal	
Analysis.	Boston:	John	Wiley	&	Sons;	2012.

19.	 Watanabe	 S,	 Akiyama	 S,	 Hanita	 T,	 Li	 H,	 Nakagawa	 M,	

Kaneshi	 Y,	 et al.	 Designing	 artificial	 environments	 for	 preterm	
infants	 based	 on	 circadian	 studies	 on	 pregnant	 uterus.	 Front	
Endocrinol	(Lausanne)	2013;4:113.

20.	 Reyhani	T,	Aemmi	SZ,	Sannadgol	V,	Boskabadi	H.	The	effect	of	
creating	 an	 artificial	 night	 on	 physiological	 changes	 in	 preterm	
infants.	J	Pediatr	2014;2:407‑12.

21.	 Kennedy	 KA,	 Fielder	 AR,	 Hardy	 RJ,	 Tung	 B,	 Gordon	 DC,	
Reynolds	 JD,	 et al.	 Reduced	 lighting	 does	 not	 improve	
medical	 outcomes	 in	 very	 low	 birth	 weight	 infants.	 J	 Pediatr	
2001;139:527‑31.

22.	 Mirmiran	 M,	 Baldwin	 RB,	 Ariagno	 RL.	 Circadian	 and	 sleep	
development	 in	 preterm	 infants	 occurs	 independently	 from	 the	
influences	of	environmental	lighting.	Pediatr	Res	2003;53:933‑8.

23.	 Atienza	 N,	 García‑Heras	 J,	 Muñoz‑Pichardo	 JM,	 Villa	 R.	 An	
application	 of	mixture	 distributions	 in	modelization	 of	 length	 of	
hospital	stay.	Stat	Med	2008;27:1403‑20.

[Downloaded free from http://www.nmsjournal.com on Tuesday, July 31, 2018, IP: 10.232.74.26]


