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Abstract

Background: Hospitalization in neonatal intensive care units predisposes preterm neonates to negative stimuli such as continuous
24-hour lighting.
Objectives: The present study was done to evaluate the effects of a cyclical lighting model on weight gain and length of hospital
stay among preterm neonates.
Methods: This clinical trial was performed during year 2012 on 60 preterm neonates, who were hospitalized in the neonatal inten-
sive care unit of Bentolhoda hospital, Bojnord, Iran. The neonates were conveniently recruited and randomly allocated to a control
and an experimental group through permuted block randomization. The neonates in these groups were exposed to continuous
and cyclical lighting, respectively. Their weight and sleeping time were measured both before and after the intervention. More-
over, the length of their hospital stay was documented. The data were analyzed through doing the independent-sample t and the
Mann-Whitney U tests by using the SPSS software (v. 18.0) at a significance level of less than 0.05.
Results: Before the study intervention, the groups did not differ significantly regarding the neonates’ birth weight, Apgar score,
height and sleeping time (P > 0.05). Compared with baseline values, the neonates’ weight in the control and the experimental
groups increased significantly during the study by 263±52 and 232±48 grams, respectively (P = 0.02). Moreover, the means of hospi-
tal stay in the groups were 10.6± 1.5 and 9.1± 1.4 days (P=0.03) while the means of sleeping time were 17.03±2 and 18.3± 2 hours/day
(P = 0.02), respectively.
Conclusions: Using cyclical lighting in the same way as usual day/night-based lighting is recommended for neonates, who are
hospitalized at neonatal intensive care units.
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1. Background

Neonatal mortality is among the main criteria for eval-
uating care quality and comparing healthcare systems of
different communities (1). Currently, preterm delivery is
one of the most common causes of neonatal mortality. It
is usually associated with complications such as low birth
weight, respiratory and digestive problems, and poor sen-
sorimotor development, all of which can increase neona-
tal mortality (2). The prevalence of preterm delivery in our
country, Iran, is around 9% (3-5), highlighting the need for
closer attention to preterm neonates.

Although modern approaches to neonatal care have
significantly improved preterm neonates’ health condi-
tions, preterm delivery is still a major cause of mortality,

neurologic complications and disability among neonates,
who have no congenital defects and imposes heavy finan-
cial burden on healthcare systems (6, 7). In 2000, the cost
of providing neonatal care in the United States was more
than ten billion dollars from which, 60% was related to the
neonates, who had a gestational age of less than 37 weeks
and 12% to those with a gestational age of 24 to 26 weeks (8,
9). Although the rate of other causes of neonatal morbid-
ity and mortality has decreased, preterm delivery has still
remained a major neonatal health problem (10).

Compared with full-term neonatal care, preterm
neonatal care is more important and difficult. Preterm
neonatal care significantly improves preterm neonates’
growth and development and reduces neonatal mortality
rate. Therefore, creating a healthy condition is absolutely
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necessary for improving preterm neonates’ physical and
neural growth and minimizing the risk of developing seri-
ous complications. Care services for enhancing the quality
of preterm neonates’ nutrition and sleep are of grave
importance to their health. One of the strategies that can
enhance the quality of nutrition, sleep and growth and
reduce mortality rate among preterm neonates, is the reg-
ulation of their sleep-wake cycle through artificial cyclical
lighting (11). However, our literature search yielded only
a few human studies in this area, most of which dealt
with evaluating the effects of cyclical or continuous light-
ing on neonatal outcomes such as weight gain, sleeping
time, mechanical ventilation time, breastfeeding rate and
length of hospital stay (12-14).

2. Objectives

The findings of these studies are conflicting and hence,
the present study was performed to evaluate the effects
of a day/night-based simulated lighting model on weight
gain and length of hospital stay among preterm neonates,
who were hospitalized at the neonatal intensive care unit
(NICU) of Bentolhoda hospital, Bojnord, Iran.

3. Methods

This pretest-posttest controlled clinical trial was per-
formed during year 2012 at the neonatal intensive care unit
(NICU) of Bentolhoda hospital, Bojnord, Iran. Newborn
preterm neonates were recruited in the study after their vi-
tal signs (including blood pressure and heart and respira-
tory rates) became stable. Neonates were excluded if they
had a gestational age of more than 37 weeks, suffered from
serious health conditions, or needed medical treatment or
mechanical ventilation. Consequently, 60 neonates were
conveniently recruited and randomly allocated to a con-
trol and an experimental group through permuted block
randomization. In the experimental group, neonates were
exposed to cyclical lighting while their counterparts in the
control group were treated with normal lighting of the
study setting, which involved non-cyclical lighting.

The neonates in the experimental group were hospital-
ized in a room, where the lighting and the sound could be
controlled easily. In order to ensure that the levels of light-
ing and sound in the room were as low as a natural night, a
lux meter (EC1-X, Hagner, Sweden) and a sound meter (TES,
Taiwan) were used, respectively. The levels of lighting and
sound were kept respectively at 3 - 7 lux and 45 decibels
(15). Moreover, we opened the windows of the room dur-
ing the day and exposed the neonates in the experimental
group to natural daylight. In case of inadequate daylight,

artificial lighting at 200 - 300 lux was used to provide the
neonates with adequate light (15).

The weight of the neonates in both study groups was
measured using a weighing scale (BY20, Beurer Inc., Ger-
many) both one-day before and one-day after the interven-
tion. Weight measurements were performed for all partic-
ipants, two hours after their meal and at the same time
during the day. Moreover, the amount of their sleeping
time was measured and documented by the staff nurses in
each working shift. Accordingly, the amount of sleeping
time was calculated through summing the sleeping times
of all shifts of a day. All neonates in both groups were fed
by the same feeding protocol, so that neonates, who were
not adequately breastfed were bottle-fed with a standard
infant formula. The length of hospital stay was determined
through referring to the neonates’ medical records. Data
collection was performed by a research assistant, who was
blind to the groups.

This study was registered in the Iranian registry of clin-
ical trials with the following code IRCT2015060722583N1.
The data were analyzed via the SPSS software (v. 18.0). The
measures of central tendency and dispersion were used
for data description while the independent-sample t and
the Mann-Whitney U tests were run for between-group
comparisons of body weight, length of hospital stay and
amount of sleeping time. P values of less than 0.05 were
considered significant.

4. Results

The study groups did not differ significantly from each
other regarding the neonates’ birth weight, gestational
age, Apgar score, the amount of time receiving mechanical
ventilation, and baseline weight (P > 0.05; Table 1). After
the study intervention, the mean values of the neonates’
weight and sleeping time in the experimental group were
significantly higher while the length of their hospital stay
was significantly shorter than their counterparts in the
control group.

5. Discussion

The results of the study illustrated that compared with
the neonates, who were exposed to continuous lighting;
the neonates treated with the simulated cyclical lighting
model had greater weight gain, shorter hospital stay and
longer sleeping time. Cyclical lighting, meaning natural
day/night-based lighting, conforms to circadian rhythm of
the body and thus, provides better condition for a deep
sleep. Moreover, it can increase the production of growth-
related factors, facilitate weight gain and improve health
status among neonates.
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Table 1. Comparing the Study Groups Regarding the Neonates’ Characteristics Before the Study Intervention

Variable Group Apgar Score Mechanical Ventilation Time
Before the Study (Hours)

BirthWeight (Gram) Gestational Age (Weeks) Hospital Stay Before the Study
(Days)

Experimental 7 (0.7) 2.9 (0.5) 1460 (345) 33 (2) 16.2 (3)

Control 6.5 (0.6) 3.4 (0.6) 1440 (340) 31 (2) 15.5 (2.5)

P value 0.43 0.13 0.16 0.64 0.33

Table 2. Comparing the Groups Regarding the Primary Outcomes of the Study

Variables
Groups

Weight
Gain(Gram)

Hospital Stay
(Days)

Sleeping Time
A Day (Hours)

Experimental 263 (52) 9.1 (1.4) 18.3 (2)

Control 232 (48) 10.6 (1.5) 17.03 (2)

P value 0.02 0.03 0.02

Miller et al. (1995) (16) also allocated 41 preterm
neonates hospitalized in an NICU to a continuous and a
cyclical lighting group. They matched the groups in terms
of the neonates’ birth weight, gestational age and Apgar
score. In line with our findings, they found that compared
with neonates, who were treated with continuous lighting,
neonates in the cyclical lighting group had faster weight
gain, faster breastfeeding onset, less need for photother-
apy or mechanical ventilation, and better motor coordina-
tion.

Mann et al. (1986) (12) also investigated the effects of
day/night-based lighting simulation on preterm neonates,
who had a gestational age of less than 36 weeks. They al-
located the neonates to either a cyclical lighting (20 ones)
or a continuous lighting group (21 ones). The neonates
in these groups were treated with cyclical day/night-based
lighting and continuous 24-hour lighting, respectively.
Their results illustrated that there were no significant dif-
ferences between the groups in terms of the neonates’
weight gain, oxygen therapy time and breastfeeding time.
However, sleeping time in the cyclical lighting group was
significantly longer than the continuous lighting group,
i.e. after hospital discharge, the amount of sleeping time
in the first group was two hours more than the second
group. Moreover, post-discharge weight gain was signifi-
cantly higher in the cyclical lighting group. In line with
these findings, we also found that in the cyclical lighting
group, sleeping time was significantly longer.

Taheri et al. (2005) (17) also recruited 66 preterm
neonates from the NICU of Al-Zahra hospital (Isfahan,
Iran), and allocated them to two 33-case groups. In one
group, the neonates were exposed to cyclical lighting. Ac-
cordingly, they reduced the amount of luminance in the

NICU from 180 - 200 to 5 - 10 lux from 19:30 to 07:30. On
the other hand, the neonates in their control group were
exposed to continuous 24-hour lighting at a luminance of
180 - 200 lux. They measured their participants’ weight
both before and after the intervention and found that the
mean weight variations in the cyclical lighting group were
greater than the control group. This finding is in agree-
ment with our findings.

Brandon et al. (2002) (14) also examined the ef-
fects of cyclical lighting and continuous near darkness on
neonates with a gestational age of 31 weeks or less. They
compared neonates, who had been exposed to cyclical
lighting since birth with neonates, who had been treated
with continuous near darkness since the same time. Their
findings revealed that the neonates in the cyclical lighting
group had faster weight gain compared with their coun-
terparts in the continuous near darkness group. However,
the groups did not significantly differ from each other
concerning the length of hospital stay and the amount of
time receiving mechanical ventilation. Our findings also
revealed that cyclical lighting significantly improved the
neonates’ weight gain.

Boo et al. (2002) (18) also evaluated the effects of light
exposure on weight gain among preterm neonates hospi-
talized at the NICU. They recruited 96 preterm neonates,
who weighed less than 2000 grams and were aged at least
seven days, and allocated them to a 50-person and a 46-
person group. The neonates in the first group were ex-
posed to light for twelve hours a day while in the second
group; the neonates were placed in an environment with
dim lighting until the time of their hospital discharge.
Their findings revealed no significant difference between
the groups in terms of the neonates’ weight gain. This
finding contradicts our findings probably due to the dif-
ferences in the neonates’ age, lighting protocol, or feeding
protocol in these two studies.

Most studies have confirmed the effectiveness of
day/night-based simulated lighting model on preterm
neonates’ growth. However, there are some conflicting
findings, which can be attributed to differences in the
methods, samples or contexts of the studies. Conducting
large-scale studies to assess primary outcomes with more
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precision is recommended.

5.1. Conclusion

The day/night-based simulated lighting model can im-
prove preterm neonates’ weight gain, decrease the length
of their hospital stay and increase their sleeping time.
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